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Tom tdt: Véi cdng sudt dong co truyén dong lon, tong muc tidu thu dién nang vin hanh tau dién
cua hé thong dwong sat do thi rdt cao. Do do, cdc giai phap tiét kiém ndang lwong cé ¥ nghia quan
trong, gop phan 1am néi bdt nhitng wu diém cia tau dién dé thi so Véi cac loai phiong tién giao thong
khéc. Thu hoi nang lwong ham tai sinh 1a gigi phap chii dao nang cao hiéu qud tiét kiém nang lirong.
Bai bdo dé xudt giai phap thu hoi ndang lwong ham tai sinh bang bg chinh heu tich cuc (CLTC) lap dat
tai tram dién kéo c6 kha ning cho dong ndang heong chay hai chiéu. O ché dé ham dimng, déng co lam
Viée nhuw may phat tra nang leong vé lie6i, nho bé chink heu tich cuee, ndng lwong ham tai sinh sé duroc
tra vé nguon lwéi ma khong bi dot trén cdc dién tré hdm. Hiéu qud ndng hrong cua gidi phap nay
dwoc kiém chiing bang két qua mé phong trén phan mém Matlab Simulink véi cac di liéu thu thdp tir
tuyén dwong sdt dé thi Cat Linh - Ha Péng, Viét Nam. Pdanh gid mirc dg tiét kiém ndng lwong trong
cac truong hop ¢ hodc khéng si dung bg chinh leu tich cwc da chi ra sir dung bg chinh luu tich cuc
tiét kiém dwoc 4.4% tong nang hrong dién kéo.

Tir khoa: Thu héi nang lhirong ham tai sinh, chinh heu tich cuc, van hanh hiéu qud ndng heong,
dieu khién bam dién &p luéi (VOC).

Ma phén logi: 10.2

Abstract: With a large capacity, the total energy consumption for electrified train operation of
the urban railway system is very high. Therefore, energy-saving solutions are very meaningful to
retain their outstanding advantages compared to other means of transportation. Recovering
regenerative braking energy is the potential solution to improve energy efficiency. This paper
proposes a solution to recover regenerative braking energy by an active rectifier installed at a
traction substation capable of bi-directional energy flow. In the braking phase, the motor operates as
a generator that returns energy to the utility source. Thanks to the active rectifier, regenerative
braking energy will be returned to the source without being burned on the braking resistors. The
energy efficiency of this solution is verified by simulation results on Matlab Simulink software with
simulation data collected from Cat Linh-Ha Dong urban railway, Vietnam. Evaluating the level of
energy savings in the cases with/without active rectifiers showed that using the active rectifier had
saved 4.4% of the total traction electric energy.

Keywords: Regenerative braking energy recuperation, active rectifier, energy-efficient operation,
Voltage Oriented Control (VOC).

Classification code: 10.2

1. Giéi thigu

V6i nhitng wu diém ndi bat: Van hanh
dung gio, an toan, kha niang van chuyén 16n,
giam un tic giao théng va khi thai ra moi
truong, hé théng duong sat do6 thi ngay cang
dugc sir dung rong réi khip noi trén thé gigi.
Tuy nhién dién ning can cap dé van hanh
doan tau 1a rat 16n, nhiéu giai phap thu hoi
nang luong da dugc dé xuat va ap dung trong
thue té. Hinh 1 chi ra hai nhém céc giai phap
tiét kiém nang luong: Nhom giai phap cac
qui trinh van hanh (lai tau hiéu qua nang
luong, giam tiéu thu nang luong cua dich vu

tién ich) va nhom giai phap ang dung cbng
nghé tién tién (hdm tai sinh, hiéu qua ning
luong hé thdng strc kéo, do va quan 1y ning
lugng théng minh) [1]. Nhom giai phap céc
qui trinh van hanh 12 tao ra nhimg thay doi
hi¢u qua nang luwgng khi van hanh doan tau
ma khéng can phai dau tu thém co sé ha ting
cua tuyén c6 san; trong khi nhém giai phap
vé tng dung cong nghé tién tién can thay thé,
hoac bd sung hé thong trang thiét bj doan tau.

Trong cac giai phap trinh bay tai hinh 1,
giai phap thu hdi nang luong ham tai sinh 1a
hiéu qua nhat véi mic do niang luong dugc
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thu hoi 1én dén 30% do khoang céch gitra céc
khu gian ngan, tau dién d6 thi hdm dung
thuong xuyén [14]. Viéc tai sir dung nang
luong hidm tai sinh dugc thyc hién bing
nhiéu céch thirc: Str dung cac thiét bi tich trix
ning luong nhu banh da, ac qui, siéu ty dat
trén tau, tai tram dién kéo [2], [8], [9], [13],
[14]; t6i vu bleu a6 Chay tau dé dong bo cac
giai doan tang toc va giam téc cua cac doan
tau, sao cho doan tau van hanh trong ché do
kéo nhan dugc nang lugng hdm tai sinh tir
doan tau gan nhat van hanh trong ché d6 hdm
[8]; lap dit cac bo bién ddi tai tram dién kéo
cho dong ning lwong chay hai chiéu tur
ngudn téi tai 1a tau dién va nguoc lai [4],
[10]. Trong bai bao nay dé xuat thu hdi ning
lugng ham tai sinh bang bo chinh luu tich
cuc. Khi tau dién van hanh & ché do ham,
nang luong du thwra duoc tra ludi nho bo
chinh luu nay. Cac két qua mé phong da cho
thiy ning luong tiét kiém khi sir dung chinh
luu tich cuc 1én téi 4.4%.

2. Hé théng tau dién sir dung bd chinh
luu tich cuc

Trong tram dién kéo cua hé thong doan
tau van hanh hién nay la cac b6 chinh luu
diode chi cho dong nang lugng chay tu
ngudn t&i tai. Khi tau dién van hanh ¢ ché do
ham vé ga, dong co lam viéc nhu may phat
tra nang luong vé ludi, ning lugng du thira
nay bi ddt trén dién tro hdm gay lang phi va
lam tdng nhiét d moi truong. Do do, dé xuét
thay thé chinh luu diode bang chinh luu tich
cuc vé6i vu diém: Chua it séng hai bac cao,
hé sé cose dugc diéu chinh xap xi 1, c6 kha
ning trao doi ning luong theo hai chiéu nhu
trong hinh 2 va hinh 3 [10]. Hé théng tau
dién bao gébm nhirng phan chinh: Tram dién
kéo, ham dién tro, hé truyén dong sic kéo
voi dong co kéo 1a dong co khong dong bo
roto 16ng séc, bién tan ngudn ap diéu khién
cac dong co kéo mac song song, cac luc can
tré do ma sat, luc can khéng khi, luc can do
d6 doc, luc can do ban kinh cong. Trong
phan nay tap trung nghién ctu, phan tich bo
chinh luu tich cuc va phuong phap diéu
khién twa dién ap ludi (VOC).

Nhiing giai phap tiét kiém
nang lugng

/\

Cong ngh¢é
tién tien

Céc quy trinh
van hanh

/\

Ham tai sinh

Hiéu qua ning
Irgng hé thong
stre kéo

Do va quén ly
nang lugng
théng minh

- St dung thiét bi
tich trt  nang
lugng (trén  tau,
tram dién kéo, doc
tuyén chay tiu)

- Céc bg bién doi
tai tram dién kéo
cho dong nang
luong chdy hai
chiéu ...

A,

Lai tau hiéu qua
nang luwgng

Giam ton thit
nang lugng trong
mang ludi cép dién
- Giam ton thét cua
céc thiét bj trén tau
- Gidm trong luong
doan tau

- Str dung hé¢ théng
do tu dong thu thap
dir liéu tiéu thu
nang lugng.

St dung cac
nguon ning luong
tai tao

Quan ly néng
lugng thong minh

i

Giam tiéu thu nang
lwgng ciia dich vu
tién ich

Y

- Téi wu diéu do chay
tau

- Tbi wu profile toc do
- Téi wu quing dudng
chay da

- T6i vu do déc dudng
chay tau

- Hé théng hd tro lai
tau DASs

- Van hanh lai tau tu
dong ATO

- Thyc hién céac giai
phap lién quan dén
toa xe: nhiét, thdng
gi6, didu hoa..

- Thyc hién céac giai
phap lién quan dén
thoi gian dung tau.

Hinh 1. Cdc gidi phdp tiét kiém ndng heong trong giao théng dién dwong sdt [1].
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Hinh 2. Hé thong tau dién d6 thi sir dung bé chinh heu tich cue [10].

Ray thir ba, 750 VD

Luwec cdn khéng khi

tau
Béanh tau
D6ng S Luc kéo
. [Hop s0
co kéo
Momen
Ray
Luwc ma s,

a Trong luc

Hinh 3. M6 men va cdc lyc tac dong 1én doan tau [10].

2.1. M6 hinh doan tau
Phuong trinh trang thai cua doan tau
dugc bicu dien nhu sau [1]:
i _
dt " (1)
my— = F ()= F (v) =W, (v) - F_,(2)
O day v, t,z,m la tdc d6 doan tau (m/s),
thoi gian van hanh (s), vi tri doan tau (m),
khdi luong doan tau khi day tai (tan),

FE W,F  lalyc kéo, luc ham dign, luc
can chinh va luc can do d¢ déc.

Dua vao duong cac dac tinh luc kéo va
luc ham dugc dua ra bai nha san xuat [1]. Sur
dung phuong phap hoi qui dé xac dinh céc
dac tinh nay dudi dang cac da thuic:

13.2
F =1-25-10"v" 4+ 0.007 -

i (32 < v < 80)
—0.66v + 28.35

(0<v<32)

(2)
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14.7 (0 < v < 65)
—0.254v + 31.21 (65 < v < 75)
—0.2027v 4 27.36 (75 < v < 80)

©)

Luc can co ban tinh theo don vi khdi
luong w,dugc tinh dya vao cong thirc Davis

[1]:

W, :
w():?:a—{—bv—l—cv 4)

O daya,b,cla cac hé sb can tro duoc
cung cap bai nha san xuat.

Luc can do d¢ doc: F,,

=mgsina (5)
Trong d6 g, la gia tc trong truong do
déc cua duong ray.

2.2. M6 hinh héa b chinh lwu tich cuc

" Hm

V_|4 D4 VE";}DG VEH;}DZ :

Hinh 4. So' do cdu tritc mach lic ciia bo chinh heu tich cuc [7].

L R
NMN— L F—
—>
I
> U ® Usg
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I U
e>0 3
joLI|
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(©

(b)

(d)

Hinh 5. So do thay thé mét pha va do thi vector chink huu tich cuc [7].
a. So dé thay thé 1 pha ciia CLTC, b. D6 thi vector tong qudt, c. Po thi vector 1ng véi cos g = 1,
d. Do thi vector iing véi cosp = —1.

Trong hinh 4 chi ra cau trac mach luc
cua bo chinh luwu tich cuc, khac véi cac bo
chinh luu thong thuong la cé cac cuén cam
L, Cuon cam L c6 tac dung tich tr&r nang
luong, tao ra kho tir dé trao doi niang luong
Véi luéi, tré khang XL=w.L chinh Ia phan ti

han ché dong dién co thé xuit hién giita hai
ngudn dién ap (stc dién dong nghich luu va
suc dién dong ludi). Tu C loc dién 4p mot
chiéu trudc khi cap vao tai. Tu C c6 gié tri da
I6n dé san bang dién &p udc, chinh boi da 16n
nén dién 4p maot chiéu ugc thay déi cham, c6
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thé coi usc=Udc=const. Hinh 5 chi ra so d6
thay thé mot pha va do thi vector caa chinh
luu tich cyc thé hién hé sé cosp=1 khi mach
van lam viéc ¢ ché do chinh luu, va cosp=
—1 khi mach van lam viéc trong ché do ham,
nang lugng tra ludi. T hinh 4 va hinh 5, ba
phuong trinh dién ap duoc thé hién:

U l ?

a 'a d ‘La sa
Ub =R Zb + L E ZLI) + Usb (6)
U(‘ ic Z.Lc Usc

Va mot phuong trinh dong dién:

du : .
C dz = 5,0, + 5,3, + 5,4, —1, (7
Véi s ;5,5 1a cac ham dong cit cua cac

van trén moi nhanh véi quy luat nhu sau:
s, =1 néu V1 déng, s =0 néu V4 déng;

s, = 1néu V3 dong, s, =0 néu V6 dong;
s = 1néu V5 dong, s, =0 néu V2 déng.

Str dung phép bién d6i Clark, Park dé
chuyén cac phuong trinh can bang dién ap va
dong dién tir hé toa do (a,b,c) sang (o-Pp), roi
sang h¢ toa do quay (d-q). Ta dugc cac
phuong trinh sau:

Phuong trinh dién ap:

u, = Ri, rg T Uy
di, (8)
— o q .
u, = Rqu + L 7 + szLd + u,
Phuong trinh dong di¢n:
c—-= (1,5 +14,5) - 9)
Trong do:

Sd = S(l cos wt -l—Sﬁ sin wt
Sq = —Sa sin wt + S@ cos wt

S, =(25,-5,-5)
SB_UE(SI) S(z)

CAu trdic md hinh toan hoc cua chinh luu
tich cyuc trong hé toa do quay d-q nhu minh
hoa trén hinh 6.

Upg + 1

S

ol

1
R+ pL

Hinh 6. M6 hinh todn hoc cia chinh luu tich cuc
trong hé toa do dq.

CAu trdic md hinh toan hoc cua chinh luu
tich cyuc trong hé toa do quay d-q nhu minh
hoa trén hinh 6.

2.3. C4c ciu triic diéu khién chinh luu
tich cuc

Tt mé hinh toan hoc cua bd chinh luu
tich cuc duoc thé hién trong phuong trinh
(3), (4) va hinh 6. Cau trac diéu khién bo
chinh Iuu tich cuc duoc thiét ké theo phuong
phap tua dién ap ludi - VOC nhu minh hoa
trén hinh 7. Cau trac diéu khién VOC su
dung mach vong diéu khién dong dién. Cau
trdc nay dua trén viéc chuyén doi gitra hé
truc toa do cd dinh af va hé truc toa do6 dg.
Phuong phap nay dam bao dap ang tic thoi
nhanh va chinh xac théng qua cac mach vong
diéu khién: Vong khéa pha (PLL), mach
vong dong dién, mach vong dién ap [3], [7]

Hinh 7. Cdu tric diéu khién chinh leu tich cuc theo
phuong phap VOC [3], [7].

2.3.1. Thiét ké vong khoa pha PLL
'Doi vei cac thiét b dién tir cong suat khi
muon trao doi nang lugng gita thict bi vai
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ludi can giai quyét bai toan dong bo goc pha,
bién d6, tan s6. Do d6 thuat toan vong khoa
pha duogc thiét 1ap nham xac dinh goc pha
dién ap ludi ciing nhu tan sé cua hé thdng.
Céu trac diéu khién vong khéa pha duoc mo
ta trén hinh 8.

Hinh 8. Cdu triic vong khéa pha [3], [7].
Thong tin dau vao la gié tri diép ap ludi
duoc biéu dién trén truc toa do cb dinh o va
gi tri dau ra 1a thong tin goc pha dién &p.

Hinh 9. Phdn tich thanh phan vector dién dp luci

Nhu hinh 9 minh hoa, bing viéc biéu
dién diép ap lugi thanh mot vector quay U c¢6
van toc goc bang vai van toc goc caa dién ap
ludi va goéc quay so véi truc a chinh la goc
pha cua vector dién ap ludi. Tu do, dua hé
truc vector quay dq cung chiéu quay vai
vector dién 4p, khi do vector U s& c6 thanh
phan doc truc la U,, va thanh phan ngang

truc 1a U . Véi viée diéu khién thanh phan
ngang truc ﬁq bang khong, thi thanh phan

doc tryc U, nay s€ trung véi vector dign ap

ludi va goc quay cua hé truc dq khi do sé
mang théng tin cua goc pha vector dién ap
lugi. Cau trac diéu khién vong khoa pha c6
thé dugc mo ta nhu hinh 10.

0 AG|_1

K
— 1+5T, I Kpt—

S

Hinh 10. Cdu triic diéu khién vong khéa pha.

Pai luong can diéu khién:0"- géc tua
dau ra khoi PLL.

Pai lugng dat: 06- goc pha dién ap
nguon.

Yéu cau diéu khién: Géc quay truc d bam

gia tri goc pha dién 4p ludi, thdng qua gia tri
biéu dién sai léch:

U, =-Usin(6" - 6) = Usin(A6) (10)

Sai léch A6 tién vé khong, khi d6 thanh
phan vector ngang truc U, bang khong, goc
quay truc d bdm gia tri goc pha dién ap ludi.

Véi khoang bién thién A6 nho, ta xap xi
Usin(A6) = UA®, ,, , COi o, 12 nhiéu hing so.
Vi bo cjiéu khién sé s& gay tré mot chu ki
trich mau Ts, ta coi nhu mot khau quan tinh
bac nhat. Nhu vay doi tugng cua hé
s(1+sT.)
quan tinh bac nhat. Khi ¢6 ham truyén hé ho
la:

ref

& mot khédu tich phén

1 —
1+3TS S

1 T
G (s) = | K —

p STi (11)

Ham truyén hé kin luc nay tro thanh:

G,(s)
0.0 = T
u(Kps + K})
T(een)tu(ksr k) P
u.K s+ uk,

B Ts.s3 + s+ u.K s+ uk,
~ Sir dung tiéu chudn t6i wu d6i xung dé
tong hop bo dicu khién:
Chon hé sé a=4 va thoi gian trich mau
T = 0.2ms ta dugc cac tham sb cua bo diéu

L

khién:
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T, = T, = aT, = 810"

k=1 80353 (13)

» le\/;
2.3.2. Thiét ké mach vong diéu khién
dong dién
Tt m6 hinh toan hoc cua déi tuong trén
hé truc toa d6 d-q theo cbng thuc sau:

. di .
u, =Ri +1L d;l —szLq +u,,

di (14)
U :Rz’q—l—L b4 Wi —|—u5q

Lq L dt Ld

Do hai bo diéu chinh dong dién trén hai
truc d, g 1a twong dwong nhau, nén ta chi tong
hop mét bo diéu chinh tong quat cho ca hai.

Xuit phat tir phwong trinh:

(15)

. di .
u, =i, + L stl - wLZLq tuy,
_ D¢ don gian cho thiét ké, bo qua thanh
phan dan kénh wL.
Laplace hai vé cua phuong trinh (15) va
boé qua thanh phan xen kénh, c6 phuong
trinh:

U,=RI +Lsl  +U,
1 1

Ld

N _ (16)
Uu,-U, R+1Ls

Trong thyuc té ludn c6 thoi gian tré Ts tir
khi bit dau ¢ tin hiéu cua dién ap diéu khién
dén khi dién 4p diéu khién dé dugc bo
nghich luu diéu ché ra. Ta coi tac dong cua
thoi gian tré d6 1a mot khau quén tinh bac
nhé} va c6 mé hinh dung dé tong hop b diéu
khién:

iy 1 1 1 iLg
—>®—>Kp(1+_l_—, > > >
T s 14T R+sL

Hinh 11. So @6 mach vong diéu chinh dong dién.

Khau PI ¢6 phuong trinh:
1 1+T.s
Cls)=k |1+ = l
S L 7 I N €5

T
Vé6i T = -, chon T.:£;
k " R

a
p

Ham truyén kin caa déi tugng:
1/R

Gk(s):(1+7;s)1;.s+1/3

(18)

Str dung phuong phép t6i wu d6 16n ta
duoc [12]:

L
T == =%
R1 < T 1
! (19)
T
= _RL
p_2T

Thay s tinh toan ta duoc théng sé bo Pl
diéu khién dong iLe. Tong hop tuwong tu ta
duogc thong s6 bo PI diéu khién dong iLg.

Khi tong hop xong hai mach vong dong
dién iLq, iLg, quay lai xét thanh phan wL dé bu
xen kénh. Mach vong dong dién duoc thiét
ké bu xen kénh nhu sau:

Ug

AUy -

Hinh 12. So' do diéu chinh dong dién
sau khi tach kénh.
2.3.3. Thiét ké mach vong dién ap
Do yéu cau thiét ké bo diéu khién dong
RiL dam bao nhanh, chinh xac va tach kénh
nén c6 thé coi bo RiL 1a khau c6 ham truyén
bang 1. Xuét phat tir phuong trinh:

dudc .
g

(20)

8, + qu.sl -1,
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Laplace hai vé, ta dugc phuong trinh:

CS.UdC = ILd.Sd + [Lq.Sq —1, (21)
ILg= 0 do do:

1.5 —1
= U, =-H—t—L (22)

Cs

B6 qua thanh phan nhiéu I, so d6 mach
vong diéu khién nhu sau:

* -
u | u
d‘c%_wl) T N R
g Ts Cs

Hinh 13. So' do mach vong diéu khién dién dp.
Ham truyén hé ho:
k 14+Ts) 1

pu i
Cs

hu §)= :
T s
i

k. 1+T

i

(23)

1+ Tms
= F;Lu(s) = kl 82

Ham truyén hé kin:

1+T s

k wu
F _ F;w (8) _ ! 82
ku(S) - 1 -
+F;zu(8) 1+k, 1+1—;u'8
1 82
k(14T .s) k.T .s+k

in _ 17" du

8 + k14T, .s) S+ kT S+ k

177 i

(24)

Thiét ké bo dieu khien dién 4p theo
phuong phap toi wu doi xirng vai ham chuan
[12]:

260 .5+
Gk(s) _ n n

e 260 s+ wi (25)

Trong do:
o latan sé dao dong riéng;
g la hé s6 dao dong tat dan (0 < & < 1).

_ pu_ 2
b= o h=p o
= iu
k.T =2&o, T 280 _ 2.8
i (Di (Dn
k=T .C
Slr =28 (26)
i ®

n

Thay s6 tinh toan tim duoc cac tham sb
kT, cuabd diéu khicn dign &p.

3. Két qua mo phéng

Két qua md phong duoc thuc hién trén
c4c tham sb thu thap duoc tir tuyén tau dién
do thi Cét Linh - Ha Bong vai 11 khu gian,
12 ga c6 tong chiéu dai 12,61 km [6]. Trong
phan moé phong nay minh ching cac nghién
ctu ly thuyét bang két qua md phong trén
mot khu gian: Tir ga Cat Linh dén ga La
Thanh cé khoang cach 931 m, thai gian chay:
87.7s gdm ba giai doan van hanh: Ché do
kéo, ché do chay da, ché d6 hadm ding Voi
quing duong va thoi gian duoc phan bd nhu
trong chu trinh chay tau thé hién tai hinh 14.

A Giate

Chay da

Hinh 14. Chu trinh chay tau.
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Hinh 15. Pdp img toc do.
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Kich ban mé phong: Xét cho mét khu
gian, véi toc do 16n nhat qua trinh kéo 54,5
km/h, téc 6 ham 1a 40,58 km/h nhu dap ung
hinh 15. So sanh muc do tiét kiém ning
luong trong truong hop c¢6 hoac khéng su
dung chinh luu tich cuc dat tai tram dién kéo.
Thiét ké mach vong di¢n 4p dam bao dién ap
trén Udc-link on dinh tai gia cho phép - thé
hién su can bang ning luong giita ngudn va
tai. Khi st dung bd chinh Iuu diode nhu dap
ung trén hinh 16, gia tri dién ap nay s€ cé su

thang giang, va trong qua trinh ham (tur gidy
76 dén giay 88,7) dién ap Udc-link ting vot
dén 900 VDC nén phai sir dung ham dién tro
(dé han ché gia tri dién 4p ting khi ham tai
sinh). Str dung bd chinh luu tich cuc dat tai
tram dién kéo thi gid tri dién ap Udc-link
dugc duy tri 6n dinh tai 750 VDC va c6 sy
dao dong rat nho nhu dap ang trong hinh 17,
thé hién bo chinh Iuu tich cyc da cho dong
nang luong chay hai chleu c6 su can bang
ning luong gita nguon cip va tai tau dién.

Bdng 1. Cdc théng sé doan tau [6].

Thong s6 doan tau Pon vi do Giatri
Thiét lap doan tau 2M2T
Khéi lugng doan tau khi day tai (M) [ka] 247000
S6 dong co (N) 08
Cong sut dong co kW] 200
Téc do 16n nhét (Vinax) [km/h] 80
Tbc @6 co ban (vh) [km/h] 35
Gia tc I6n nhat/Gia toc ham [m/s2] 0.94/1
Hé sb cantro a [KN] 7.75
Hé sb can tro b [ka/s] 0.062367
Hé sb can tro ¢ [kg/m] 0.0113
buong kinh banh xe (Dwn) [m] 0.84
Ti s6 truyen (i) 5.3:1
Hiéu suat hop s6 (Nmech) 0.95
Hiéu suat dong co (Mem) 0.9
bién tré hdm 2] 4
Mo men quan tinh doan tau (Jeq) [kg.m2] 179
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Hinh 16. Pdp wng dién dp UDC-link
voi chinh lwu diode.

90 t(s)

Udc (VDC)
90
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Hinh 17. Bdp ing dién dp trén UDC-link
khi s dung bo chinh lwu tich cuc.



70

Journal of Transportation Science and Technology, Vol 42, Aug 2021

~

]

3
~
S
5]

@
3
3
@
3
S

@
S
3

300

N
S
3

Niing lugng tiéu thy ciia ngudn (Wh)
8
3

=
1)
3

N

_/

L
10 20 30 40 50 60 70 80 90 &

)
)

Hinh 18. So sdnh mirc nang lwong tiéu thu khi sir
dung bo chinh luu Diode
va sw dung by chinh luu tich cuc.

Hinh 18 minh hoa muac nang lugng tiéu
thu trong truong hop str dung bd chinh luu
tich cuc so sanh vai truong hop chinh luu
diode. Trong do, duong mau do - nang luong
ngudn tiéu thu khi sir dung bo chinh luu
diode la 658 Wh, duong mau xanh - nang
lwong nguon tiéu thu khi s dung bo chinh
luu tich cuc dat tai tram dién kéo la 629 Wh.
Vay muc nang luong tiét kiém khi sir dung
bo chinh Iuu tich cuc 1a 4,4%.

4. Két luan

Bai b4o dé xuat giai phap tiét kiém ning
lwong van hanh tau dién db thi bang bo chinh
lwu tich cyc thay thé cho chinh luu diode dat
tai tram dién kéo. Trong d6, tap trung thiét ké
diéu khién bo chinh luu tich cuc theo phuong
phap VOC. Cac két qua mo phong di minh
chtng tinh dang din va hiéu qua cia phuong
phap diéu khién VOC véi mic niang luong
tiét kiem duoc 1a 4,4%. Nhiing két qua trong
bai bao 1a co s& d& nhom téc gia tiép tuc céac
nghién cuau tiép theo, két hop cac giai phap
nhim ting ty 18 tiét kiém ning lugng van
hanh doan tau 1én cao honl
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