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Tom tit:

Str dung thiét bi tich trir ning lwong la giai phap hiéu qua gitp nang cao hi¢u suat ning luong cho cac tuyén
duong sat do thi. Hai trong s cac tham sé quan trong 13 vi tri va dung lwong cuaa thiét bj tich trit s& quyét
dinh hiéu qua cta toan hé thong. Bai bao nay trinh bay mot thuat toan 1a su két hop caa nguyén Iy tham lam
va nguyén ly truy hoi dé xac dinh vi tri ciing nhu dung lugng tdi wu ctia cac tram tich trix siéu tu doc theo
duong ray dé cuc dai hoa loi ich kinh té. Thuat toan d& xuit duoc kiém nghiém trén mot md hinh mé phéng
dugc xay dung dya theo s6 liéu ciia tuyén duong sit do thi Cat Linh — Ha Pong. Két qua md phong chi ra
rang lap dat mot cach ti wu cac tram tich trit nang lwong s& 1am ting hiéu qua ning luong téi da, gop phan
tang truang loi ich kinh té, va giam duogc cac dinh tai tir d6 s& giam su dao dong dién &p gilp nang cao chét
luong dién niang cta toan h¢ thong.

Tir khoa: Téi wu hoa; siéu tu dién; giao thong dwdng st do thi; hé théng tich trit ning lwong; hiéu qua ning
lugng; thuat toan tham lam.

Abstract:

Using energy storage equipment is an effective solution to improve energy efficiency for urban railway lines.
Two of the important parameters are the location and capacity of the storage device that will determine the
efficiency of the power supply system. This paper presents an algorithm that combines the greed principle
and the retrieval principle to determine the optimal location and capacity of supercapacitor storage stations
along the track to maximize the economic benefits. The proposed algorithm is tested on a simulation model
built based on the data of the Cat Linh - Ha Dong urban railway line. The simulation results show that the
optimal installation of energy storage stations will increase maximum energy efficiency to contribute to
economic growth and reduce the load peaks that will be reducing voltage fluctuations.

Keywords: Optimization; supercapacitor; urban railway; energy storage system; energy efficiency;
regenerative braking; greedy algorithm.

1. Giai thiéu nhim dat dwoc hidu qua ning luong cao hon
[1]. Mot trong cac giai phap duoc dac biét quan
tam, d6 1a thu hoi ning lugng duoc san sinh tir
cac doan tau trong qua trinh ham [2]. Vi trong
tai 16n, khoang cach giira c4c ga ngin nén ning
lugng dién dugc san sinh ra trong qué trinh hdm
la rt 16n, uwéc chung khoang 53% tong ning
lugng tiéu thu cua ca doan tau trong qua trinh
van hanh. Xem xét hiéu suat truyén dong va

Str dung ning luong hiéu qua dang 1a mot van
dé rit duoc quan tdm. Hé thong duong sit tiéu
tén nang lugong rat 16n, do do6 viéc tdi wu hoa
hiéu qua st dung nang lugng da va dang nhan
dugc rit nhiéu sy quan tdm cua cac nha khai
thac duong sit va cac nha nghién cau. Trong
linh vyc ndy, cic ky su va cac nha khoa hoc
dang tap trung vao cac giai phap va cac ky thuat
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ning luong tiéu tbn cho hé thdéng him co thi
wéc tinh ning lwong téi sinh cd thé thu héi dugc
chiém khoang 22% - 40% tong ning luong tiéu
thu ctia doan tau trong qua trinh van hanh [3].
Lip dat cac hé thdng tich trit nang lwong (ESS)
dé luu trir nang luong du thura trong qué trinh
hdm va cap tra lai ray tiép xdc khi can thiét 1a
mot giai phap hiéu qua cho van dé nay. Tuy
thudc vao vi tri lap dat thiét bi tich trit, c6 thé
Iip & trén doan tau (onboard), hoic Iép dat tai
cac vi tri doc duong ray (stationary). So sénh
voi kiéu Iép dat trén doan tau, kiéu Iép dat doc
duong ray khong bi gigi han bai khong gian lap
dit, trong luong thiét bi, c6 kha ning trao ddi
véi tit ca cac doan tau trén tuyén duong; tuy
nhién ton hao truyén dan sé& Ién hon va hiéu qua
ty thudc vao vi tri. Do vdy van dé can quan
tam 1 vi tri lp dat thiét bi tich trir sao cho hiéu
qua ning lugng dat duoc 1 cao nhat [4].

Mot hé thdng tich trir ning lwong khdng chi
giam dwoc murc nang luong tiéu thu ma con
gilp giam céc gia tri dinh cdng suat va giam su
dao dong cua dién ap ludi tiép xuc, tir d6 cling
s& lam giam murc do ton hao trén luéi tiép x(c.
Cac doan tau d6 thi véi gia téc hdm khoang 0,5
(m/s?) — 1,4 (m/s?) thudng phat ra dong dién
ham tic thoi rdt cao trong qua trinh ham.
Khoang thoi gian hdm ciing thuong kha ngan 10
(s) — 15 (s), boi vay mat do cong suét tai sinh 1a
rat 16n. Dé thu hdi cong suit tai sinh hiéu qua
can thiét bj luu trit c6 kha ning lam viéc véi
dong dién 16n trong khoang thoi gian ngan, va
siéu tu dién 1a mot thiét bi phu hop dap tng
dugc cac yéu cau nay. Véi cac dic tinh dac biét
nhu tudi tho cao, kha nang nap Xa nhanh, di¢n
trg trong nho, mat do cdng suat cao va phuong
phép nap xa don gian, siéu tu dién rat phu hop
ing dung dé thu hdi niang luong tai sinh trong
cac tuyén duong st do thi [5].

Trién khai hé théng tich trit ning luong doc
duong ray, trudc tién can xac dinh duoc vi tri va
dung luong cua cac tram tich trit, va van dé nay
thudng duoc xem 12 téi wu voi muc tiéu cuc dai
loi ich kinh té trong khi van dam bao cac tiéu
chi k§ thuat. Pa co6 nhiéu giai phap duoc dé
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xuat. Trong cong trinh nghién ctu [6], cac tac
gia da dé& xuit mot giai phap dua trén két qua
phan tich dong dién tai sinh tai cac nha ga dé
tinh todn nang lugng tai sinh hang nam. Tu do6
xac dinh dung lugng siéu tu phu hop dam bao
an toan khi lam viéc vai dong dién tai sinh va
thu hdi hiéu qua nang luong tai sinh. Véi muc
tiéu dat duoc hiéu qua ning lwong cao nhat
ddng thoi dam bao sy 6n dinh dién ap ludi tiép
xuc, Wang cung cac cong su [7] da ap dung mét
phuwong phap t6i wu vi tri va dung luong cua
siéu tu dién dua trén thuat toan di truyén da
duoc cai tién. Phuong phap dé xuat trong bai
bao dwoc kiém nghiém trén mét tuyén metro
cua Trung qubc. Két qua trong bao cao khi sir
dung phuong phap da dé& xuit uéc luong tiét
kiém dugc 4.88% tong nang luong tiéu thu voi
chi phi dau tu lap dat toan hé thong tich trir 1a
3,5 trieu USD. Trong mot nghién ciru khéc,
Ratniyomchai [8] tap trung vao mét tiéu chuan
dé xac dinh vi tri va dung lwong phd hop nhét
cua thiét bi tich trir, nham téi thiéu hoa tong
ning luong tiéu thu va tong tén hao ning lugng.
Két qua nghién ciru x4c nhan riang dung luong
cua thiét bi tich trir dat mac tdi thiéu khi vi tri
gan voi tram dién kéo trong mdi phan doan cip
dién.

Tiép dén, mot phuong phap t6i wu dugc két
hop béi thuat thoan di truyén va céng cu md
phong hé thdng cung cép dién duong sit do thi
dugc dua ra boi Xia [9], phuong phap nay co
thé xac dinh dugc chién lwoc quan 1y ning
lwong tot nhat ddng thoi véi vi tri va dung lugng
cua hé théng tich trir nang lugng. Lién quan dén
du an thiét ké hé thdng tich trir nang lugng sir
dung siéu tu cho cac tuyén metro, Calderaro [5]
[10] &p dung thuat toan tim kiém heuristic v&i
viéc xem xeét tich hop ca vi tri va dung luong
cua siéu tu vao mot bién tham sd. Thuat toan
tim kiém duoc xay dung dua trén nguyén ly cua
thuat toan bay dan.

Gan day, cac phuong phap moi va cac md
hinh dbi twong méi van tiép tuc dugc quan tam
v&i muc tiéu cai thién do6 chinh xac va hiéu qua.
Lamedica [11] phéat trién mot cong cu phan
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mém sir dung thuat toan PSO, trong d6 cai bién
ham muc tiéu tinh toan gid tri kinh té cho toan
bo hé thdng trong tuyén duong. Trong khi do,
David [12] d& xuat mot mo hinh trong d6 ap
dung thu4t toan tdi wu trén mot céng cu mod
phong dudng st thuc té.

Bai bao ciing tap trung vao van dé xac dinh
dung luong va vi tri tdi wu cua thiét bj tich trir
ning luong siéu tu cho cac tuyén duong sit do
thi. V&i vi tri cua thiét bi tich trir dugc xem xét
dat tai cac ga hoac tai tram dién kéo, mot thuat
todn méi dugce dé xuat bang su két hop caa hai
nguyén ly 1a nguyén ly tham lam va nguyén ly
truy hoi. Co ché tham lam dwa trén chi s6 kinh
té dé xac dinh va loai bo vi tri kém hiéu qua
nhat khi trién khai tram tich trir nang luong. Sau
khi da xac dinh dugc vi tri kha thi dé trién khai
tram tich trix thi 4p dung nguyén ly truy hoi dé
t6i wu dung lwong cua cac tram véi muc tidu toi
thiéu hoa ham chi phi. Trén co s¢ ham chi phi
cho cac phuong an trién khai tram tich trir da
dugc xac dinh, phuong an t6i wu 13 ham chi phi
nho nhat.

2. M6 hinh mach dién hé théng cung cép dién
cho tuyén dwdng sit do thi

Hé thdng mach dién cung cdp ning luong dién
kéo cho giao thong duong sit d6 thi duoc cau
thanh boi cac tram dién kéo, ludi tiép xac (rail
tiép xdc), phu tai doan tau, hé théng hoi luu
gom ray chay tau va duong day ndi tir ray chay
tau vé tram dién kéo. Tram dién kéo nhan ning
luong tur ludi trung ap sau do chinh luu thanh
dong dién mot chiéu dan qua hé thdng ludi tiép
xuc (rail tiép xGc) cap cho cac doan tau. Dong
dién héi luu tir cac doan tau duoc din qua ray
chay tau, duong day hdi luu tro vé tram dién
kéo. Trén co sé vé mod hinh mach dién, tram
dién kéo dugc md hinh héa thanh céc ngudn
cung cap mot chiéu véi dién ap khong doi; doan
tau s& duoc md hinh héa thanh cac ngudn dong
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dién c6 tri s6 bién thién theo vi tri doc tuyén
duong. Con ludi tiép xic va ray chay duoc md
hinh bing cac phan tur dién tré tap trung. Mo
hinh co ban cua mot hé théng cung cip ning
luong giao thong d6 thi dugc minh hoa trén
hinh 1. Poan tau khi mé hinh héa 1a ngudn dong
dién sé& tiéu thu cdng suat khi doan tau ting toc
va s& phat ra cong suat trong giai doan ham.
Cong suat doan tau co thé dugc udc lugng
trong g Vi mot toc do cu thé dé khic phuc
c4c tro lyc gy ra boi quan tinh, ma sat, do ddc,
duong cong, dong luc hoc khdng khi. Xem xét
ca nhiing toén hao ning luong trén hé thdng va
cong suat caa hé thdng phu tro trén tau, cong
suat doan tau c6 thé duoc xac dinh theo nhu
cong thuc (2).

F®*v()

T

—F, () *Vv(t)*n, + Py,

P

phu

P ()= 1)

Trong do:

v(t): Téc do doan tau, duoc xac dinh theo
duong cong toc d6 chay tau:

Fk(t): Luc kéo doan tau, duoc xac dinh tuong
g v&i van tdc 1am viéc theo duong dic tinh
luc kéo — téc do. Néu khong c6 duong dic tinh
thi luc kéo c6 thé wéc lugng theo cong thirc
kinh nghiém;

Fn(t): Luc hdm doan tau, dugc xac dinh
turong tng Vi tée do tir dudong dac tinh ham cua
dau may. Néu khong co dic tinh thi luc hdm
cling c6 thé dugc ude luong théng qua cong
thae kinh nghiém;

nk: Hiéu suit nang luong trong ché do kéo,
bao gdm hiéu suat hop giam téc, hiéu suit dong
co dién kéo va hiéu suat caa cac bo bién ddi
nang luong;

nn: Hiéu suit ning luong trong ché d6 ham;

Pphu: CONQ suat yéu cau cho hé thong phu tro
trén tau.
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Hinh 1. M6 hinh cung cip ning luong mot phan doan tuyén dwdng sat do thi.

Tram dién kéo dugc md hinh 1a cac ngudn ap
mot chiéu 1y tuong. COng suat ngudn phat ra
trong (g vGi nhu cau tiéu dung cua phu tai
doan tau trong mang dién, va bi gigi han bai
dung luong caa tram dién kéo. Trong mang dién
dong dién mot chiéu, duong day tiép xic va
duong day héi luu duge mo hinh 1a cac dién tro
tap trung. Khi cac doan tau di chuyén, khoang
cach twong ddi gitra doan tau va cac ga hoic céc
tram s& thay doi, dan téi gia tri dién tro coa
doan duong day tiép xac va doan duong ray ndi
gitra doan tau vdi cac ga hoac cac tram ciing s€
thay doi tuong ung. Gia su dit Ro 1a dién tro
don vi cua dudng day tiép xdc va ray chay trén
mot don vi chiéu dai. Khi d6 din tré cta doan
duong day tiép xuc va duong ray tai ting thoi
diém duoc tinh nhu cong thie (2):

R,=R, *|X1 _X2|
Rz = Rog + Ry * X — X |

(2)
sst—2

Trong d6 Ro 1a dién tro don vi cia day tiép
xuc va duong ray trén 01 km; x1 va X2 tuong
rng 12 vi tri cua hai ga lién k& hodc doan tau va
ga lién ké&; xs«t 12 vi tri ciia tram dién kéo lien ké
V6i doan tau; Rng 14 dién tré cua feeder cap tir
tram dién kéo toi ludi tiép xdc. Khi trién khai
lip dat cac tram tich trit ning luong cho hé
thdng thi siéu tu dién duoc ndi t6i ludi tiép xdc
théng qua

bo chuyén ddi DC-DC cé kha ning trao doi
ning luong hai chiéu. Do vy twong tu nhuw
doan tau, siéu tu dién dugc mo hinh 1a ngudn ap
trong ché do phong ning luong cap toi ludi tiép
xUc, va 1a phu tai tiéu thu trong ché dé nap ning
lwong du thira tir ludi tiép xic. Trén co so do,
hé théng cung cdp ning lwong cho tuyén dudng
sat khi tich hop tram tich trit nang luong siéu tu
c6 thé duoc md hinh hoa dudi dang mach dién.
Hinh 2 minh hoa so dd mach dién cho mot phan
doan cip dién trong hé thdng cip dién cho mot
tuyén duong sit do thi. Nang lwong cua module
tich trit nang luong siéu tu dién dugc tinh nhu
cong thirc (3). Trong d6 Psc la cong suét tic
thoi cua module siéu tu; vsc, isc tuong Gng la
dién ap va dong dién cua module siéu tu; Csc la
dién dung ctia module siéu tu.

Esc (t)= j[ Psc (tydt = ]lvsc (t)*isc (t)dt

LT 3)
==C jvz (t)dt
2 SC sC
0

Can ctr vao dién ap trén ludi tiép xUc tai vi tri
module siéu tu dién, trang thai lam viéc cua siéu
tu dién s€ duoc xac dinh. Tir d6 dung lugng cua
siéu tu tai tirng thoi diém duoc tinh:

Esc (1+1) = Eg. (i) + Py (1) * At

At =t(i+1) —t(i) 4)
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3. Phwong phap t6i wu
3.1. Ham chi phi

Muc tiéu ciaa nghién ciru nay la xac dinh vi tri
va dung luong cua siéu tu dién trién khai trén hé
thdng cung cép ning lugng cho céc tuyén dudng
sat d6 thi dé thu duoc loi ich kinh té 16n nhat.
Do vay ham muc tiéu duoc xac dinh 12 tong chi
phi ning luong tiéu thu sau khi lap dat hé théng
tich trit nang lugng siéu tu va chi phi dau tu 1ap
dit ciing nhu bao tri hé thong tich trir ning
luong d6. Chu ky thoi gian dé tinh loi nhuan
udc luong theo chu ky tudi tho trung binh cua
siéu tu dién 1a 10 nam. Ham muc tiéu nhu duoc
mo ta trong cong thirc (5):

min i(energy_cost(k) +sc_cost(k))

k=1
subject to: O0<E <E,,

(5)

Trong do:

energy_cost(k): Chi phi nang luong cua tram
k trong @ng véi su trién khai lap dat tai tram k
mot tram tich tr& nang luong c6 dung lugng
Esci.

energy _cost(k) = S (Eg;)*365*ny*cost,,
sc_cost(k): Chi phi dau tu lip dat va van

hanh tram tich tr&r nang luong véi dung lugng
Esci tal tl’am k

Tram dién kéo Ga
i ---------- ! Rltx+rail | | Ritcrail
i E28y
i | 1 | Tau

E..
— SCI *
sc_cost(k)=cost,, +—=—*C;
charging

+cost

conv

C; =cost, +cost *365*ny

main

Esub_k: Nang luong tiéu thu cua tram k trong
thoi gian 1 ngay khi trang bi module tich tri
nang luong voi dung lugng Esci;

Esci: Dung luong caa module siéu tu. Gia tri
nay bién ddi tir O téi gid tri cuc dai Emax. Esi
dugc tinh toan nhu cong thic (2);

COStelec: Gié thanh cia mot kWh dién nang;

ny: S6 nam dé tinh toan hiéu qua ning luong
khi trién khai hé thdng tich trir ning luong cho
tuyén duong sit;

Teharging: Thoi gian chu ky nap cuc dai cua
siéu tu dién. Can ctr vao thoi gian chu ky nap va
ning luong tich trir & xac dinh cong suit cua
module siéu tu;

costinstal: Chi phi 1p dat mot tram tich trix
ning luong trén tuyén duong sit;

costsc: Gid thanh mot kKW siéu tu dién;

COSteony: Gid thanh bo chuyén d6i niang luong
DC/DC;

COStmain: Chi phi van hanh, bao dudng cho
mot tram tich trit nang lugng trong thoi gian
mot ngay.

Ga Tram dién kéo
Rltx-+rail I I Rltx-+rail I l
= | — -
s T | |

! RItx+rail

T

v Rltx+rail RItx+rail
84: ! |
! 1 Tau I sub H |
L. I |

Hinh 2. M6 hinh mach dién mét phan doan cip dién véi cac tram tich tri.
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3.2. Thuit toan t6i wu vi tri va dung lwong
siéu tu dién doc tuyén dwong.

Pé xac dinh dugc chi phi ning luong cua cac
tram dién kéo cling nhu cua cac tram tich trix
can xac dinh dugc biéu dd cdng suét trong chu
ky thoi gian van hanh. Cong suat tai tung thoi
diém trong chu ky van hanh c6 thé xac dinh
bang phuong phap mé phong str dung thuat toan
trao luu cong sudt trén co s vi tri va dung
lugng cua cac tram da xac dinh. Gia sir ¢ Nsup
vi tri v&i kha nang trién khai tram tich trix, nhu
vay S& c6 tong sb 2™ phuong an bé tri tram
tich trit. V&i mdi vi tri bd tri tram tich trit, dung
luong kha thi bién ddi trong pham vi tir 0 t6i
dung lugng cuc dai twong ing Vo1 nang lugng
tai sinh cuc dai c6 kha nang thu hdi tai vi tri
tram. Gia sir phuong an thir i c0 j tram tich trir,
mai tram tich trit ¢ k dung lwong kha thi. Nhu
vay tai phuwong an tha i s& cO tong s
ki*ko*...*k; lua chon dung lugng cho j tram tich
trir. Néu dung phuong phap duyét toan bo dé
tim dugc phuong an tdi wu s& phai duyét qua
mot s6 luong rat Ién cac phuong an. Do vay
trong bai béo, dé xuit 4p dung nguyén ly truy
hoi dé tim dung lwong téi wu va ap dung nguyén
1y tham lam dé tim phuong an kha thi.

Quan sat ham muc tiéu nhu mo ta trong cong
thirc (5), gia tri tong cua toan hé thdng bang
téng gia tri cua cac tram thanh phan, do vay
theo nguyén ly truy hdi néu cac tram thanh phan
dat gié tri tbi wu s& dan dén két qua téng dat toi
uu. Dya trén co sd nay, bai bao dé xuat mot
thuat toan dé xac dinh dung luong tdi wu cua
mdi tram tich chta véi muc tiéu tdi thiéu hoa
tong chi phi nang luong va chi phi dau tu khi
trién khai tram tich trit ning lwong tai vi tri tirng
tram. Vé van dé xac dinh té hop phwong an theo
nguyén |y tham lam s& dwa trén co ché loai bo
C4cC tram tich trit ¢d chi s6 kinh té thap.

Chi sé kinh té (Eco_ID) duoc tinh bang hiéu
cua chi phi nang luong tiét kiém duoc khi trién
khai ldp dat tram tich trir (Sav Cost) va chi phi
dau tu thiét bi, chi phi trién khai lip dt, chi phi
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van hanh cling nhu chi phi bao tri bao dudng
cho hé théng tram tich trit (Invest Cost).

Eco_ID = Sav Cost - Invest Cost

Phuong an khai tao s€ chon toan bo cac vi tri
trién khai lip dat tram tich trit. Chi sé kinh té
duoc tinh va so sanh. Néu tram ¢ Eco_ID <=0
thi s& loai bo viéc bé tri tram tich trix tai vi tri
tram nay. Néu khong, tram c6 chi sé kinh té
thip nhat s& dugc loai bo. Co ché loai bo nay
duoc thuc hién cho dén khi toan bo cac vi tri
déu duogc loai bo. Chi tiét vé thuat toan dugc
minh hoa trong luu d6 thuat toan hinh 3.

4. Két qua mo phéng
4.1. S6 liéu md phéng

Pé kiém nghiém thuat toan dé xuat, trong bai
bao nay da thuc hién mod phong trén mot mé
hinh md phong tuyén duong sat do thi dua trén
moi truong Matlab. Cac s liéu va tham sé mo
hinh dwoc tham khao trong tai liéu [13], [14].
Tuyén duong sit ndy cé tdng chiéu dai la 12.6
km, trong d6 c6 12 ga va duoc cap ngudn tir 5
tram dién kéo. Hinh 4 minh hoa ciu tric va
phan bé céc ga doc tuyén duong. Bang 1 trinh
bay cac théng sé dic tinh cua tuyén dudng ciing
nhu cac tham s co ban cia doan tau.

Thoi gian di chuyén cua doan tau giita cac ga
va trong toan bd hanh trinh dwoc mo ta trén
bang 2. Gia su thoi gian khoi hanh tir ga dau
tién 1a 0 (gidy) va thoi gian dirng ¢ cac ga déu 1a
30 (gidy). Khi d6 tong thoi gian hanh trinh doan
tau di chuyén tir ga dau tién toi ga cudi cing 1a
1292 giay va hanh trinh di chuyén theo huéng
nguoc lai hét 1285 giay.

Cac tham sb chi phi duoc liét ké trong bang
3. Chi phi dé trién khai lap dat mot tram tich trix
nang lugng siéu tu dién (costinsta) dugc tham
khao trong tai liéu [15] (véi gia tri bang 5000
euros quy d6i sang VND s& la 140.425.700
VND). Ciing trong tai liéu nay, gia thanh cua
module chuyén ddi céng suat DC/DC (costconv)
va chi phi cho cbéng tac bao tri, stra chira ciling
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nhu van hanh tram tich trir nang luong siéu tu
dién (costmain) tuwong Gng la 40 euros va 0.14
euros. Gia thanh cua module siéu tu dién
(costsc) dugc tham khao trong tai liéu [16] vai
gié tri trung binh 1a 4600000 VND/KW.

4.2. Két qua

Dua trén cac thdng sé dic tinh nhu da liét ké
trong bang 1, cling nhu thoi gian hanh trinh caa
doan tau nhu trinh bay & bang 2, cong suat caa
doan tau tai mdi thoi diém dugc tinh toan theo
cbng thuc (1). Trong d6 gia tri luc kéo/luc hdm
va gia tri toc do duogc tinh toan theo phwong
phéap kinh nghiém tham khao trong tai liéu [17].
Hinh 5 minh hoa d thi cdng suat va do thi téc
do theo thoi gian doc hanh trinh tuyén duong.
Gia tri cdng suat 1a s6 duong va tang dan trong
giai doan tang tbc; cOng suat giam xudng & ché
d6 di chuyén voi tbc do khong doi; Cong suét
bang 0 khi doan tau duoc tha trdi hodc ding tai
cac ga; va cOng suit co gia tri m trong giai
doan doan tau ham dung.

O truong hop mé phong, gidn cach chay tau
duoc lya chon cd gié tri bang 300 gidy, tuong
rng mdi thoi diém s& van hanh ddng thoi 9 doan
tau trén toan tuyén. Do thi chay tau trong ché do
van hanh da lua chon dugc minh hoa nhu trén
hinh 6.

Ap dung thuat toan trao luu cdng suit nhu
dugc phét trién trong tai lidu [18] dé xac dinh
gia tri cong suat tai cac tram trong khoang thoi
gian chu ky van hanh, tir d6 xac dinh mirc nang
lwong 16n nhat c6 kha nang thu hdi. Méc ning
luong nay 1a co so dé xac dinh dung luong toi
da ctia module siéu tu dién c6 thé dugc trién
khai lip dat tai tram. Hinh 7 minh hoa db thi
cdng suat theo thoi gian chu ky van hanh cua
tram dit tai ga s6 9, twong Gng véi tram dién
kéo thtr tw. Quan sat do thi c6 thé thay rang co
ba giai doan trong d6 coéng suit c6 gia tri am.
Trong cac giai doan nay, siéu tu dién lam viéc &
ché do nap dé tich trir nang luong.

Trong nhiing giai doan khi ma cong sut co
gia tri duong, nang lugng luu trlr trong tu dién
s& duoc str dung va siéu tu dién 1am viéc & ché
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d6 phong nang luong. Gia thiét rang ludn c6 thé
thuc hién dugc ché do didu khién cho module
chuyén ddi cong suat DC/DC dé dap tmg duoc
duong dac tinh phéng/nap cuaa siéu tu dién nhu
mo ta trong tai liéu [19]. Tur 46, gi4 tri cOng suat
cua siéu tu dién tai ting thoi diém lam viéc s&
dugc xac dinh. Hinh 7 minh hoa d6 thi cong
suat theo thoi gian caa module siéu tu dién khi
duoc trién khai ldp dat tai ga s6 9. Quan sat dd
thi c6 thé nhan thay rang, tir thoi diém 36 gidy
t6i 80 gidy siéu tu dién lam viéc ¢ ché do tich
trir nang lugng. Trong giai doan tur 80 gidy toi
155 gidy, siéu tu dién phong nang lugng dién da
tich trit hd trg cung cdp niang lugng cho tram
dién kéo. Nang luong cung cap tir siéu tu dién
dugc phan phéi theo co ché giam dinh tai cho
tram va st dung triét dé toan bo luong ning
lugng da tich trir trong toan chu ky lam viéc.

Khi trién khai lap dat siéu tu dién, cong suat
tiéu thu cua tram sé& duogc cai thién. Hinh 8 minh
hoa do thi cong suit tiéu thu caa tram dién kéo
dit tai ga s6 9 trong hai truong hop c6 trang bi
va khong c6 trang bi lip dit siéu tu dién. Khi
siéu tu dién duoc trang bi, nang lugng du thtra
duoc thu hdi gilp han ché muc tang dién p trén
ludi tiép xUc; va céc gié tri dinh tai ciing duoc
han ché tir d6 muc giam dién &p s& duoc cai
thién. Sau khi x4c dinh duoc téng ning luong co
kha niang phuc hdi trong mdi chu ky, thuat toan
s& tiép tuc thuc hién xac dinh dung luong tdi vu
cua siéu tu dién vai muc tiéu toi thiéu ham chi
phi nhu mo ta trong céng thuc (5). Trong do, chi
phi nang lugng tiéu thu ty 1€ nghich véi dung
lwong cua hé thdng tich trir. Tuy nhién khi dung
lwong cua hé théng tich trix ting téi mot gié tri
nhat dinh twong ung voi niang luong ti da co
kha nang thu hdi dwoc, thi chi phi s& khong
giam nita va s& duy tri khéng d6i. Con chi phi
dau tu, van hanh va bao dudng, ty & thuan véi
cdng suat, dung luong cua tram tich trir. Do vay
téng chi phi c6 thé coi 1a c6 méi quan hé tuyén
tinh voi dung luong tram tich trir. Bang su hd
trg ctia cong cu may tinh, ham chi phi tong s&
dugc tinh toan twong wng Vvoéi ting gia tri cua
dung lugng tram tich tri, trén co so do gia tri
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dung luong t4i wu 1 thanh phan ma chi phi dat
gia tri nho nhat. Hinh 9 minh hoa méi quan hé
cua cac ham chi phi véi dung luong cua tram
tich trit. Trong truong hop mod phong cho tram
dién kéo dat tai ga sé 9, gia tri dung luong téi
uu cua tram tich trir 1a 7.825 kWh, tuong ng
véi gia tri ham chi phi tong dat 69.407 ty
VND/10 nam.

Bang 4 tong hop ham chi phi tong ciing nhu
gia tri dung luong tdi wu cua tram tich trit siéu
tu dién twong &ng Voi cac phuong an trién khai
kha thi. Trong md hinh mé phong, cé téng sb 12
ga, 5 tram dién kéo tai cac vi tri cua ga sé 1, 4,

7,9 va 12. Nhu vay c6 tong s6 19 vj tri c6 thé
bd tri trién khai tram tich trix, v& mat ly thuyét s&
c6 tong s6 2%° = 524288 phuong 4n. Tuy nhién
khi 4p dung co ché loai bo theo nguyén Iy tham
lam, s6 t6 hop phuong an con lai 12 19. So sénh
gia tri ham chi phi tong c6 thé thay rang phuong
an sb 16 c6 gia tri nho nhat khi bé tri cac tram
tich trir tai cac ga s6 3, 5, 6, 12 va gia tri dung
lugng tram tich trir twrong ng da xac dinh duoc
la 14, 12, 9, 14 kWh. Téng chi phi trong 10 nam
Véi viéc trién khai hé thdng tich trir cho phuong
4n toi wu d3 xac dinh ¢ trén wdc tinh bang
346.91 ty dong.
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Esc=Esc+DeltaE

A

Tinh toén: energy_cost(Esc)+sc_cost(Esc))

\

Xac dinh:
- Dung lugng SC t0i uu tai tram q
-Chi s6 kinh & ctia tram q

7

® ©®

v

Tinh toan tong chi phi tuong tmg véi
phuong an trién khai tram tich trir hién tai

A 4

Loai bé cac tram ¢6 Eco_ID<=0 néu c6 va
tram c6 Eco_ID nhd nhat va hinh thanh
phuong an mai

l

Tinh s6 luwong tram tich trit k trong phuong
an moi

|

Xac dinh phuong 4n trién khai tram tich
trlt c6 tong chi phi nho nhat

A 4

tich trit nang lugng

Hién thi:
-Tong chi phi véi phuong an toi uu.
- Dung lugng toi wu va vi tri cia cac tram

A 4

End

Hinh 3. Luu d6 thuat toén t6i wu vi tri va dung lwong tram tich tri ning luong.
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Hinh 4. Ciu triic va phan bé céc ga doc tuyén duong.
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Bang 1. Thong sé dic tinh cua tuyén dudng va doan tau.

Théng sé Gia tri
Chiéu dai tuyén duong 12.6 km
Vi tri ga (km) 0; 0.93; 1.81; 2.89; 4.14; 5.15; 6.45; 7.75; 9.08; 10.18;
11.62; 12.60
Vi tri tram dién kéo (km) 0; 2.89; 6.45; 9.08; 12.60
bién ap dinh muc 750 vDC
Khéi luong doan tau 1450 tan
Cong suat phu trg 200 kW
Téc d6 lon nhat 80 km/h
Gidn cach chay tau 300 giay

Dién tré don vi caa day tiép xac va duongray  0.065 Q/km

bién tro feeder 0.010Q

Bang 2. Thoi gian hanh trinh doan tau doc tuyén duong.

. Thoi gian . . £ Thoi gian Theoi gian
Gakhéi  Ga khoihanh 101 gian den hanh trinh dirng & ga
hanh dich i (giay) a A
(giay) (giay) (giay)
1 2 0 88 88 30
2 3 118 196 78 30
3 4 226 317 91 30
4 5 347 450 103 30
5 6 480 559 79 30
6 7 589 693 104 30
7 8 723 809 86 30
8 9 839 936 97 30
9 10 966 1050 84 30
10 11 1080 1181 101 30
11 12 1211 1292 81 30
12 11 1292 1372 80 30
11 10 1402 1503 101 30
10 9 1533 1617 84 30
9 8 1647 1744 97 30
8 7 1774 1859 85 30
7 6 1889 1995 106 30
6 5 2025 2103 78 30
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.. Thoi gian .. £ Thoi gian Thoi gian
Gakhei  Ga khoihanh 101 gianden hanh trinh dirng & ga
hanh dich i (giay) n A
(giay) (giay) (giay)
5 4 2133 2237 104 30
4 3 2267 2355 88 30
3 2 2385 2464 79 30
2 1 2494 2577 83 30
Bang 3. Chi phi tinh todn cho cac tham sd.
Théng sb Gia tri
Chi phi lap dat mot tram tich tri siéu tu dién (COStinstar) 140425700 VND
Gia thanh mot kWh dién nang (costelec) 3000 VND/kWh
Gia thanh mot kW bo chuyén dbi ning luong DC/DC (COStcony) 1123400 VND/KW
Gié thanh mot kW siéu tu dién (costsc) 4611000 VND/kW
Chi phi bao tri, van hanh hé thdng tich trit ning lugng (COStmain) trong mot ngay 3932 VND/kW
Thoi gian van hanh mot ngay 16 gio
S6 ngay van hanh mot nam 365 ngay
S6 nam tinh toan hiéu qua kinh té (ny) 10 nam
3000 T T T T T T T T T T T T T 30
2500 |- +25
2000 “ l i r “ "I |l . ll ‘l I g‘ ‘,‘ —2(_;
1500 “ |l ll .l E .‘ l‘ -| l'l .l -|I 15
S 1000 1‘ i \ i \ \ ‘.‘ i '1.‘ i \ <10
< s00F| 3 \ \ \ 1 \ i 1 \ \ \ 15 o
2 o - q 10 g
g -500 x =
<
© _1000 4-10
-1500 1-15
-2000 |- +-20
-2500 Céng suit (kW) | .25
=3000 1 1 1 | 1 1 1 | 1 1 N TSC d[‘) (I'I'l.lfs)
"0 100 200 300 400 500 600 700 800 900

=30
1000 1100 1200 1300 1400
Thoi gian (gidy)

Hinh 5. Cong suét va toc do doan tau tai tirng thoi diém doc tuyén duong.
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Hinh 6. Db thi thoi gian van hanh véi gidn cach chay tau bing 300 (s).
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Hinh 7. Cong suit cua tram dién kéo dit tai ga s6 9.
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Hinh 8. Cong suét tram khi c6 va khong cd trang bi hé théng tich trir ning luong.
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Ham chi phi (tri¢u dong)
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Hinh 9. Méi quan hé ciia cac ham chi phi véi dung lugng tram tich tri.

Béang 4. Tong chi phi twong tng voi cac phuong an 1ap dat tram tich tri siéu tu.

14

Dung lwong siéu tu tai cac tram (kwh) Chi

No. 1 2 4 5 7 9 10 12 phi

(s
L R L R L R L R L R L R L R dong)
1 3 14 14 14 14 6 14 14 14 7 13 14 14 12 14 14 14 14 408.38
2 0 6 14 14 14 6 14 14 14 7 13 14 14 12 14 14 14 13 412.32
3 0 6 12 14 0 10 14 14 14 7 13 14 14 12 14 14 14 13 402.18
4 0 6 12 14 0 10 14 14 14 7 13 14 0 14 14 14 14 13 403.96
5 0 6 10 14 0 14 14 0 14 14 13 14 0 14 14 14 14 13 405.31
6 0 6 14 14 0 0 13 0 14 14 13 14 0 14 14 14 14 13 383.18
7 0 6 14 14 0 0 13 0 14 14 13 14 0 14 14 14 0 13 378.47
8 0 6 14 14 0 0 13 0 14 14 9 14 0 14 O 14 0 13 382.26
9 0 6 14 14 0 0 14 0 O 14 14 14 0 14 O 14 0 13 379.66
10 0 6 14 14 0 O 14 0 O 14 14 10 0 14 O 0 0 13 376.79
117 0 0 14 12 0 0 14 0 0O 14 14 10 0 14 O 0 0 13 375.18
12 0 0 14 12 0 0 14 0 O 14 14 10 0 14 O© 0 0 14 370.02
13 0 0 14 12 0 O 14 0 O 14 14 0 0 14 o0 0 0 14 37344
4 0 0 0 14 0 O 9 0O 0O 14 14 0 0 214 O 0 0 14 369.91
15 0 0 0 14 0 0O 12 0 0O 9 O O 0 14 o0 0 0 14 35343
6 0 0 0 14 0 0 12 0 0 9 0 O 0 0 O 0 0 14 346.91
77 0 0 0 14 0 0 O O O 9 0 0 O 0 O 0 0 14 348.07
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Dung lwong siéu tu tai cac tram (kwh) Chi

hi

No. 1 2 3 4 5 6 7 8 9 10 11 12 P .
Ty

L R L R L R L R L R L R L R dong)

8 0 0 0 O 0O OO O O 112 0 0 O0O O0O O0OO0O O O 14 349.09
9 0 0 0 0O 0O OO O O 14 0 0 O O OO O O 0 34819

L: Vi tri duong ray bén trai
5. Két luan

Bai bao trinh bay mét phuong phap xac dinh vi
tri va dung luong ti wu ctua cac tram tich trir
ning luwong siéu tu dién trién khai cho cac tuyén
duong sit d6 thi véi muc tiéu 1a cuc dai hoa loi
ich kinh té. Thuat toan dé xuat sir dung co ché
loai bo tram khéng kinh té theo tiéu chi chi tiéu
kinh té dé han ché khéng gian tim kiém va xéac
dinh phuong 4n kha thi nhat, ddng thoi ap dung
nguyén ly truy hdi dé tim ra dung luong téi wu
tuong @ng Véi cac phuong an kha thi. Sy két
hop cua hai nguyén ly da gitp giam thiéu khéng
gian tim kiém va khdi luong tinh toan rat 16n
trong qua trinh xac dinh gia tri cuia phuong an
t6i wu. Thuat toan dé xuat c6 thé ap dung duoc
cho cac kiéu duong sit d6 thi, nd ¢6 thé mé hinh
va md phong cho cac kiéu doan tau, cac dang
duong sit véi cac ché do van hanh bat ky két
hop vai viéc tich hop tram tich trir tai cac vi tri
chi dinh doc duong ray. Tinh hiéu qua cua
phuong phap dugc minh ching trén két qua mo
phong, qua d6 co thé sir dung nhu mot ¢éng cu
hitu fch tao ra co sé tham van c6 gia tri cho céc
don vi quan 1y, diéu hanh ciing nhu khai thac
c4c tuyén dudng sat do th.
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