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Abstract. Recovery of braking energy on the contact line to return to the medium voltage grid
is one of the effective measures to recover renewable energy during the operation process. To
achieve the greatest recovery efficiency, besides the control mode, the position and capacity
of the inverters play a very important role. This paper presents a method for determining the
optimal location and capacity of inverters in the traction power supply system for urban
railway lines. The goal is to find an inverter placement that minimizes the total cost of power
consumption and the investment costs of the inverters that provide the greatest economic
benefits. The proposed method is implemented in two stages. The first stage applies the power
flow algorithm to determine the energy consumption and recovered energy at each substation
corresponding to the inverter placement cases in the operating modes. The second stage
searches for the location and capacity of the inverters so that the total cost is minimal. The
proposed algorithm is tested on the model of the power supply system according to the
reference data from the Cat Linh - Ha Dong railway. The simulation results for the case of
operating 11 trains, the time from 5:00 to 22:00 daily for 10 years, the cost when equipped
with the inverters is 252.98 billion VND compared to 340.6 billion VND without using
inverters. Simulation results show that the example system is optimized, and its power saving
is remarkable.
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Tom tat. Thu hdi ning luong du thira trén ludi tiép xdc tra vé ludi trung &p 1a mot trong cac
bién phép hiéu qua thu hdi niang luong tai sinh trong qué trinh hdm, xudng dbc cua cac doan
tau trong qué trinh van hanh. Bé dat duoc hiéu qua thu hdi 16n nhat, bén canh ché do diéu
khién thi vi tri va dung luong cac bo nghich luu dong vai tro rat quan trong. Bai béo nay trinh
bay mot phuong phap xéac dinh vi tri t6i wu va ‘dung lugng cua cac bo nghich luu trong hé
thdng cung cip dién kéo cho céc tuyén duong sit do thi. Muyc tiéu 1a tim duoc phuong an b
tri nghich luu dé téi thiéu hoa tong chi phi tiéu thy dién nang va chi phi dau tu cac bd nghich
Iuru, tir &6 mang lai loi ich kinh té 16n nhat. Phuong phap dé xuit duoc thyc hién trong hai giai
doan. Giai doan thir nhat &p dung thuat toan trao luu cong suat dé xac dinh murc ning luong
tiéu thy va ning luong thu hdi tai mdi tram dién kéo twong tng Vvéi cac truong hop bd tri
nghich luu trong cac ché d van hanh. Giai doan hai tim kiém vi tri va dung luong cac b
nghich lwu dé tong chi phi 1a téi thiéu. Thuat toan dé xuat duoc kiém nghiém trén mot mo
hinh hé théng cung cap dién xay dung theo sé liéu tham khao tir tuyén duong sat Cat Linh —
Ha Pong. Két qua md phong cho trudng hop van hanh 11 doan tau, thoi gian tir Sh dén 22h
hang ngay trong 10 nam thi chi phi khi c6 trang bi nghich Iuu 1a 252,98 ty so vai 340,6 ty khi
khong dung nghich Ivu. Két qua md phong cho thay hé thdng vi du duoc tdi wu hoa va kha
nang tiét kiém nang luong cia né 1a dang cha y.

T khoa: Tau dién do thi, Tiét kiém nang luong, Tram nghich luu, Ning lugng ham tai sinh,
Thuat toan toi uvu.
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1. PAT VAN PE

Cac hé thng giao thdng dudng sit do thi 1a giai phap bac thiét dé giai quyét cac van dé
vé giao théng cong cong va 6 nhidm khong khi. Do tau dién d6 thi phuc vu giao théng cong
cong Vi quing dudng ngan va lwong hanh khach dong duc nén khoang cach giita hai ga
thuong trong khoang 1km trong khu vuc dich vu trung tdm thanh phé. Do d6 doan tau phai
hoat dong véi momen 16n dé dat dwoc kha nang tang tdc nhanh trong qua trinh khai dong. Khi
doan tau dén ga tiép theo, ché do ham tai sinh duoc &p dung dé dung nhanh bang céch ap
dung ddng thoi phanh co va phanh dién. Khi tbc d6 cua doan tau & mot dai gié tri xac dinh,
chi tac dung ham dién dé phuc hdi hoan toan dong niang. V&i dong ning rat cao cua cac doan
tau trong giai doan hdm c6 thé duoc chuyén thanh ning luong dién bang cach diéu khién tan
s6 cudn day stato nho hon tdc do6 roto cia nd. Nang luong tai tao sau dé dugc dua vao dudng
day tiép xdc (hoic ray tht ba) dé cung cap ning lwong cho cac doan tau khac trong ciing khu
doan. Néu nhu ning lugng du thira 16n s& lam tang mic dién &p cua day tiép xuc 1én cao va
khi d6 can phai &p dung cé4c bién phap tiéu tan cong suat dé tiéu thu dién ning du thira.

Theo muc tiéu thu ning luong cua tau dién d6 thi cho cac ché do hoat dong khéc nhau,
dong nang tai sinh chiém khoang 53% tong niang lwong tiéu thy s& duoc giai phong trong giai
doan phanh. Bang céach trir di sy mat mat cua luc can chuyén dong va phanh co hoc, khoang
22%-40% ning lugng tiéu thy cd thé duoc phuc hoi bang cach téi tao dién [1]. Du kién ring
nang luong tai sinh cd thé duoc phuc hdi bang cac bo nghich lwu dwoc lap dat tai cac vi tri
thich hop doc theo tuyén duong [2-4].

Loi ich chinh cua viéc lap dat nghich Iuu la tiét Kiém ning luong. Tuy nhién, ciing co
nhitng loi ich khac, chang han nhu ting mic d6 dy phong caa hé théng phanh tau, cai thién
chat lugng nang luong, cling nhu giam nhiét d do tiéu tan nang lugng du thira trén dién tré
ham [5,6].

Van dé thu hdi nang lugng tai sinh bang tram chinh luu tich cyc dé nang cao hiéu suat
nang luong trong hé théng cung cip dién giao thong dudng sat di dugc quan tam tir rat som.
Tir nhitng ndm 1983 cac bo bién doi 4-q sir dung thyristor di dwoc nghién ctru dé ap dung cho
cac tram dién kéo dé thuc hién chtrc niang thu hoi nang lwong ham téi sinh. Bén canh do, cac
ciu trac khac ciing duoc nghién ciu va &p dung nhu chinh luu diode- nghich luu thyristor;
chinh luu diode — nghich luu IGBT; INGEBER; ENVILINE; SISFREG, HESOP,... D4 c6 rét
nhiéu cac nghién ciru trong khia canh nay [7-10] véi viéc tap trung vao van dé thiét bi va ché
d6 lam viéc cua tram nghich luu.

Mot s6 nghién ctu sir dung Ky thuat téi wu dé xac dinh vi tri va dung luong cac tram
nghic Iuu. Cac tac gia [11,12] st dung k¥ thuat tim kiém downhill dé xac dinh vi tri va dung
lwong cua cac tram nghich lvu. K¥ thuat tim kiém dya theo két qua tinh toan cong suét tai
sinh mdi tram thong qua thuat toan mé phong trao luu cong suit dé xac dinh dbi twong wu
tién. Két qua tim kiém mang tinh t6i wu cuc bd, chua dam bao dwgc tinh t6i vu cho toan hé
thdng. Téc gia Wiodzimierz Jefimowski [13] str dung thuat toan di truyén dé xac dinh vi tri va
dung luong tram nghich luu théa mén cuc dai héa ham muc tiéu la hiéu cia nang lugng chinh
luu va nang lugng nghich luu trong khoang thoi gian chu ky 24h. Tuy nhién moé hinh nang
luong duoc xay dung véi mdi khu doan chi c6 mot doan tau 13 chua du tong quat. Hui-Jen
Chuang [14] ciing &p dung thuat toan di truyén dé xac dinh vi tri va dung luong tram nghich
lru trong hé thdng cung cép dién giao thong do thi tai Pai Bic. Hui-Jen Chuang lya chon ham
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muc tiéu la téng chi phi nang luong tiéu thy, chi phi dau tu nghich luu va ca chi phi dich vu.
Mot thuat todn khac 1a téi vu bay dan (PSO) ciing dd duoc &p dung béi Mohammad Reza
Zolghadri [15] dé tim kiém vi tri tdi vu tram dién kéo bd tri nghich luu. Tuy nhién két qua toi
vu dat duogce cling 14 tdi vu cuc bd.

Bai b4o nay tap trung vao mot phuong phap tdi wu toan cuc xac dinh vi tri téi wu va dung
lwong cua cac bd nghich luwu trong hé théng cung cip dién kéo cho cac tuyén duong sit do thi.
Cét 18i cuia phuong phap 1a xac dinh duoc gié tri ning lwong tiéu thy va ning luong thu hdi tai
cac tram dién kéo trong mdi phuong an bd tri bd nghich luu dé tir 6 tim dwoc phuong an co
t6ng chi phi nho nhat. Phuong phap dé xuat duoc thuc hién trong hai giai doan. Giai doan thi
nhét 4p dung thuat toan trao luu cong suit dé xac dinh muc ning lwong tiéu thy va ning luong
thu hoi tai mdi tram dién kéo twong ng Véi cac truong hop bé tri nghich luu trong céc ché do
van hanh. Giai doan thir hai tim kiém vi trf va dung luong cac bo nghlch lwu d@é tong chi phi la
tbi thiéu. Thuat toan dé& xuit duoc kiém nghlem trén mé hinh hé théng cung cap dién xay
dung theo s6 liéu tham khao tir tuyén duong sat Cat Linh — Ha Pong.

2. MO HINH CUNG CAP NANG LUQNG PIEN KEO
2.1. Hé thdng cung cip dién kéo cho cac tuyén dwong sit do thi

Nguén dién duoc cung cap cho doan tau tir cc tram bién &p khu vuc, théng qua mang
trung &p cap tgi cac tram dién kéo. Tir tram dién kéo dong dién duoc chinh luu thanh dong
dién mot chiéu dan qua mang duong day tiép xdc (hoic ray thir ba) cap téi doan tau. Dong
dién tir doan tau dugc khép kin mach vé tram dién kéo thong qua dudng ray va duong day hoi
lwu. Hinh 1 minh hoa so d nguyén Iy hé thdng cung cép dién kéo duong sit d6 thi cho mot
khu doan. Trong d6 tram dién kéo bao gém hai t6 may bién &p chinh luu (mét t6 sir dung cho
muc dich dy phong). M&i té may bién &p chinh luu gdm mot may bién ap 3 pha 3 cuon day
Vvéi hai cudn day thir cip twong (ng tao ra sirc dién dong léch pha nhau 30 d6 dién. Pau ra hai
cudn thir cap duoc ndi téi bo chinh luu 12 xung (hodc 24 xung) dé tao thanh dién ap mot
chiéu cép t6i thanh cai, tir d6 thong qua mang dudng day tiép xtc (hoac ray tha 3) cap cho
doan tau.

N&i téi manfg trung ap thanh [phd Nbi t6i mang trung ap thanh phd

a Tram
Sprs
Kéo

¥

+DC
& BV AN . DC
T H Rail tiép xtc trai 31T H Rail tiép xtic trai
& | hd 1
o Duong ray bén trai e Dudng ray bén trai
)\ o Rail tiép xtic phai )\ | 1 Rail tiép xtic phai :
e Puong ray bén phai o Puong ray bén phai

Hinh 1. So d6 nguyén ly hé théng cung cip dién kéo duong sit do thi mot khu doan.
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Trong céc tuyén duong sat do thi, cong suét cua tram bién ap dién kéo thuong nam trong
khoang 1,5 MW dén 5,5 MW.

D¢ thuan tign cho qua trinh phan tich hé thdng cung cap dién kéo dugc md hinh hoa,
trong d6 tram bién ap chinh luu dugc mo hinh boi nguon dién ap c6 di¢n tré trong la r. Uo la
dién ap ra khong tai cua tram bien ap chinh luu. Dong dién | chay qua duong day tiep xuc
(hodc duong day thir ba), qua doan tau va quay tr¢ lai tram bién ap thong qua dudng ray. bién
tré cua toan mach R la tong cua dién tro duong day tiep xtc (duong day thir ba) va dién tre
cua hai thanh ray mac song song.

2.2. So' d6 tram dién kéo c6 nghich luu

Dé c¢6 duoc kha niang cho phép dong dién chay nguoc trong tram bién ap kéo mot chiéu
dugc trang bi bo chinh luu khong diéu khién, mot nghich luu phai dugc két ndi song song Vi
bo chinh luu. Vi vay, nhém hién c6 bao gdom may bién ap dién kéo va bo chinh luu diode
duoc giir lai va kha ning thu hoi nang lugng dat dwoc voi thiét bi tdi thiéu. Co6 thé sir dung
cac phuong an nhu:

- Bo chinh luu diode va b nghich luu dua trén thyristor, con dugc goi la bé nghich luu
chuyén mach dong thyristor (TCI);

- Bo chinh luu diode va nghich luu diéu ché do rong xung (PWM) duya trén cac van ban
dan cdng suit dugc diéu khién hoan toan (IGBT).

Trén Hinh 2 minh hoa so dd nguyén Iy tram dién kéo c6 trang bi nghich luu.

(&) A A
S & &k
¥ ¥

+DC
-DC

Rail tiép xuc trai

Puodng ray bén trai

Rail tiép xuc phai

Puodng ray bén phai

Hinh 2. So db tram dién kéo c6 nghich luu.

Khi viéc nang cap hé théng duoc chap nhan, bo chinh luu khong diéu khién duoc c6 thé
duoc thay thé bang bo chuyén doi bén goc phan tu (4-q). Vi dy, nd co thé 1a bo chinh luu diéu
khién bang thyristor thuan nghich, cau chinh luu thyristor dugc két hop vai bo chuyén doi
IGBT hoic cau chinh luu/nghich luu diéu khién bang IGBT. Do d6, nhu cau thay thé may
bién &p hién tai 1am cho giai phap nay tré nén phuc tap va ton kém hon.

2.3. Ché d9 1am viéc ciia tram dién kéo c6 nghich hru

Tram dién kéo c6 trang bi nghich luu dugc van hanh ¢ ché d6 dong dién hai chiéu dé
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chuyén dbi tir chinh luu sang nghich luu va nguoc lai. Dong dién hinh thanh do chénh léch
dién ap dau ra tac thoi cua hai bo chuyén doi. Bé han ché dong dién tuan hoan giita hai bo
chuyén d6i, dién 4p mét chiéu caa nghich luu phai dugc thiét ké cao hon dién ap khdng tai
cia bd chinh luu. Tuy nhién, kha ning tiép nhan cua hé théng s& bi giam néu dién ap mot
chiéu caa nghich luu quéa cao. Di véi didu nay, dién &p nghich luu phai dwoc gitt & mac thap
nhét ¢ thé ma khong giam xudng duéi dién &p khong tai cua bd chinh luu. Hinh 3 minh hoa
dac tinh lam viéc cua tram dién kéo c6 nghich Iuu.

4 Udc (V)
Umax
Unl
Rmin
Uo
Ché d6 nghich luu Ché d6 chinh luu
0 | (A)

Hinh 3. Bac tinh lam viéc tram dién kéo ¢6 nghich luu.

Trong d6: Uo — dién 4p dau ra chinh luu khi khong tai; Unl — dién 4p bat dau thuc hién
ché @6 nghich luu; Umax- dién &p mot chiéu 16n nhat cho phép; Pmax- cong suat nghich luu
I6n nhat cho phép.

Vi bo nghich Iuu khong diéu khién dugc nén dac tinh U-1 cia bo chinh Iuu duge xac dinh
boi tré khang chuyén mach cia bo chinh Iuu. Tuy nhién, dac tinh U-1 caa bo nghich luu co
thé diéu chinh duoc. Hai dic tinh 1am viéc chinh thuong duoc ap dung diéu khién nghich luu
la:

1) Biéu khién dién p khong doi, dé duy tri dién 4p mot chiéu dau vao nghich luu luén &
gia tri dat trudc.

2) Piéu khién duy tri tro khang khong doi.

3. NANG LUQNG DPIEN KEO CUA CAC POAN TAU TREN MQT TUYEN PUONG
SAT PO THI
3.1. Cong suit doan tau di chuyén doc tuyén duong
Cong suat doan tau tai ting thoi diém dugc xac dinh dya trén duong toc do va luc kéo
doan tau tai tirng thoi diém doc theo tuyén duong duoc xac dinh trong cong thuc (1).
F () *v(t)
Ptr (t) = nk (l)
-R.®)*v(t)*n,
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trong do:

v(t)- téc d6 duogc xac dinh tir profile tbe do da duoc xay dung theo cac ché d6 van hanh.

Fi(t) - luc kéo doan tau dugc xac dinh twong tng vai toe do van hanh tir dic tinh luc kéo.

Fn(t) - luc him doan tau duoc xac dinh twong Gng véi toe d6 van hanh tir dic tinh luc
ham dién.

1« — hiéu suat trong ché do kéo, gia dinh 1a khong dbi trén toan tuyén.

7 — hiéu suét trong ché d6 ham dién, gia dinh 1a khong doi trén toan tuyén.
3.2. Nang lwgng dién kéo tai cac tram dién kéo theo thoi gian van hanh doan tau

Tai tram nghich luu, dong nang luong tiéu thu dugc cung Cép qua chinh luu va nang

luong du thira s& dugc thu héi thong qua nghich Iuu. Ning luong tiéu thy tai mot tram dién
kéo (Esub) trong khoang thoi gian mét ngay duoc tinh theo céng thic (2).

1 22 22
Esub = Erec - Einv = J. Prec (t)dt _ninv J‘ I:>inv (t)dt (2)
77rec 5 5

Trong do:

Prec — cONQ suat cung cap qua chinh luu tai ting thoi diém, duoc xac dinh dya trén thuat
toan trao luu cong suét theo tai ligu trich dan [16].

Pinv — cOng suat thu hoi qua nghich luu tai ting thoi diém, duoc xac dinh duwa trén thuat
toan trao luu cong suét theo tai lieu trich dan [16].

Trec — hiéU suat cia may bién ap va chinh luu.

7inv — hiéu suat cta nghich luu va méy bién ap.

Ning luong dién kéo ciia mot tuyén (Ener) S& dugc tinh bang tong nang luong tai cAc tram
dién kéo trén toan tuyén nhu trong cong thuc (3), Vi nsup 1a tong so tram dién kéo.

Nsub

Eener = Z Erec (k)
k=1

Nsupy

Ereg = Z Einv (k) (3)

k=1

Enet = Eener - Ereg = > Erec (k) - SZU Einv (k)
k=1

k=1

4. THUAT TOAN TOI UU VI TRi VA DUNG LUQNG TRAM NGHICH LUU
TRONG HE THONG CUNG CAP PIEN KEO GIAO THONG PO THI
4.1. Ham muc tiéu

Lip dat nghich luu tai cac tram dién kéo dé thu hoéi nang luong du thira. N6 ciing ¢o
nhitng loi ich khac nhu ting mirc d6 du phong caa hé thong phanh tau, cai thién chat luong
nang luong, cling nhu giam nhiét d6 do ti€u tan nang luong du thira trén dién tré hdm. Tuy
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nhién muyc dich chinh van 12 tiét kiém ning lwong van hanh trén toan tuyén. Do vay ham muc
tiéu duoc xac dinh 1a chi phi ning lwong tiéu hao dé van hanh hé théng cac doan tau 1am viéc.
Dé don gian, bo qua cac chi phi thuong xuyén (bao dudng,..), ham chi phi bao gdm chi phi
ctia niang luong tiéu hao, nang luong thu hdi va chi phi dau tu ciing nhu chi phi co ban can
thiét dé trién khai thiét bi nghich luu tai tram dién kéo. Thoi gian st dung cho tinh toan chi
phi dugc gia dinh 1a trong vong 10 nam. Ham muc tiéu nhu dugc mo ta trong cong thac (4).

min(Eener ( J) *365*10*Celec—mua - Ereg ( J) *365*10*Celec—ban + Z(Preg—sub(i) ( J) * Cinv) + CinvO) (4)

i1
trong do:
Eener(j) — ning lugng tiéu thy toan tuyén trong mot ngay ng véi phuong an |
Ereg(j)— ning luong thu hdi dugc trong mot ngay ang voi phuong an |
Preg-sub(i)(j)— CONg suat tai sinh 16n nhat tai tram dién kéo i trong phurong 4n |
Celec-mua — gié thanh phai tra cho mot kw.h dién nang (gia dinh bang 1700 dong).
Celec-ban — gié thanh ban mot kw.h dién nang (gia dinh bang 1700 dong).
Cinv — chi phi dau tw mot kw nghich Iuu (130 USD ~2,86 triéu dong [14])
Cinvo — chi phi trién khai tram nghich Iuu (129000 USD ~2,838 ty dong [14])
Nsub — tong s tram dién kéo trong hé théng cung cap dién cho tuyén duong sat

4.2. Thuat toan tdi wu vi tri va dung lwong tram nghich lwu trong hé théng cung cip
dién kéo dwdng sit do thi

Déi voi duong st d6 thi, chidu dai mdi tuyén thuong trong khoang 10 km dén 25 km, s6
luong tram dién kéo khi d6 thuong khong qua 10 tram. S phwong an tbi da bd tri tram nghich
lwu s& la 21°-1=1023. Véi sy hd tro tinh toan tir may tinh, duyét du 1023 phuong 4an ciing
khong phai 1a cong viéc kho khan. Do d6 dé dam bao tinh téi wu toan cuc, phuong an hra
chon duoc phai 1a tét nhat, thuat toan duogc xay dung trong bai b4o nay s& duyét du tong sd
phuong an. Cét 16i cua thuat toan 1a xac dinh duoc nang luong tidu thy va niang luong thu hoi
tai cac tram dién kéo trong mdi phuong 4n bé tri tram nghich luu. Cong viéc nay duoc thuc
hién trong giai doan thir nhit cua thuat toan dé xuit dua trén thuat todn trao luu cong sut
[16]. Thuéat toan trong [16] phan tich dong nang lugng cho m¢t phuong an va dong nang
lwong tai tram dién kéo c6 thé di chuyén hai chiéu. Thuat toan trong bai bao nay duoc cai tién
dé thay d6i tly chon chuc ning ctia tram dién kéo 1a chinh Iuu hodc nghich lwu, va tinh cho
tat ca cac phuong an. Mdi phuong 4n bé tri nghich luu s& quyét dinh tong ning luong tiéu thy,
tong nang lwong c6 kha nang thu hoi va tong ton hao ning lugng trén ludi tiép xtc. Sau khi da
xac dinh dugc ning luong trong timg phuong an & giai doan thir nhét, giai doan tiép theo di
tim phuong an tdi wu véi chi phi téi thiéu nhu moé ta trong cong thic (4). Chi tiét cac budc
thuat toan minh hoa trén luu dd Hinh 4.
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Nhép cac thong sb:
Khéi luong doan tau va hanh khach, profile tuycn duong, thoi gian di
chuyén gitra cac ga, cac hé so thuc nghiém (A, B, C)

!

Xac dinh:

- Profile tbc d9 theo thdi gian ciia mot doan tau doc tuyén dudng
-Profile thoi gian mot doan tau di chuyén doc tuyén duong
-Profile vi tri doan tau trong (g vé6i thoi gian di chuyén
-Profile cong suit mot doan tau twong ing v&i thoi gian di chuyén

'

Nhiép céc thong sb:
Dién ap khong tai TPK, vi tri cdc TDK doc tuyén dudng, headway

v

S6 tram nghich luu k=1

>
L
A

y

T4 hop thir nhat j(1,..,k) trong trudng hop cd k tram NL

[«
v
Xac dinh:
Céng suat timg tram DK tai timg thoi diém trong chu ky headway

!

Xac dinh:
- Téng ning luong tiéu thy cua cac TDK: Ener(k,j)
- Téng ning luong tai sinh cua cac TPK: Ereg(k,j)
- Cong suét tai sinh cuc dai, hiéu dung: Preg_max(k,j), Preg_nom(k,j)

Chuyén t6i t6 hop tiép theo j+1

T

Khong con t6 hgp nio -
sal

dung

Tang s6 tram NL 1én k+1

T sai

k>=s6 tram DK

Xac dinh:
Min (Ham muc tiéu trong cong thirc (4))

Hién thi:
-Vi tri toi wu cac Tram NL
-Cong suat cac Tram NL

v
C =

Hinh 4. Luu d6 thuat ton téi vu vi tri va dung lugng tram nghich luu.
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4.3. Két qua md phong

Dé kiém nghiém thuat toan dé& xuat, mot mé hinh doan tau dwoc xay dung dua theo sé
liéu caa tuyén duong sit Cét Linh-Ha Pong, st dung tham khao trong tai liéu du an Cét Linh-
Ha Péng [17]. Cac thdng sb co ban cua doan tau duoc liét ké trong Bang 1. Bang 2 tong két
thoi gian chay tau va khoang céch gitra cac ga. Profile tuyén duong st dung trong md hinh
mo phong dwoc md ta nhu trén Hinh 5. Trong md hinh mo phong ciing gia thiét hé thdng cung
cip dién da xac dinh gébm c6 5 tram dién kéo duoc bd tri twong ung tai cac ga: Cét Linh,
Lang, Phung Khoang, Ha BPong, va ga Yén Nghia.

Bang 1. Thong sé co ban cua doan tau va tuyén duong.

Thong s6 DPon vi Gia tri
Dién 4p dinh muc ludi tiép xuc Vv 750
Dién ap luai tiép xtc khi khong tai \Y 790
Tong khoi lwong doan tau va hanh khach Tan 142
Gidn cach nho nhat (headway) Giay 180-600
bién tro don vi cia LTX va ray (Ro) Q/km 0.0625
Dién tro cap ngudn tir MBA t6i LTX (Rng) Q 0.01
Bang 2. Thoi gian chay tau giira cac ga trén tuyén Cét Linh — Ha Pong.
T ga Dén ga Chiéu  Thoi gian T ga bénga  Chiéudai Thoi gian
dai (m) (s) (m) (s)
C. Linh L.Thanh 931 88 Y .Nghia V. Khé 1032 80
L. Thanh T. Ha 902.5 78 V. Khé L.Khé 1428 101
T. Ha Lang 1075 91 L.Khé H.Dong 1110 84
Lang T. Dinh 1249 103 H.Dong V.Quén 1323 97
T. Dinh V. bai 3 1009 79 V.Quén P.Khoang 1122 85
V.Dbai3 P.Khoang 1480 104 P.Khoang V. Pai 3 1480 106
P.Khoang V.Quén 1122 86 V. bai 3 T. Pinh 1009 78
V.Quén H.Dong 1323 97 T. Pinh Lang 1249 104
H.Dong L.Khé 1110 84 Lang T. Ha 1075 88
L.Khé V. Khé 1428 101 T. Ha L.Thanh 902.5 79
V.Khé Y.Nghia 1032 81 L.Thanh C. Linh 931 83
GA CAT LINH GA LA THANH
0.0 0.0 0.0 /
150.0 770.0 170.0 /
Lo . e |
\'L?/l Ls-158 \L?T( Ls-172
:i:ggbzoo /—%\ Iﬁ:%?;'glf? /_E:;g‘;zo_\ RAY PHAI
\F-elz Ls-158 \ﬁ/ Ls-173
KO 1 2 3 4 5 6 7 8 9 K1
| | | | | | | | | | |

Hinh 5. Profile tuyén duong doan Ga Cét Linh — Ga La Thanh.
Trong bai b4o nay, gia dinh rang bo qua yéu té do dbc tric doc cia duong dé tinh toan
kha nang 16n nhit c6 kha nang thu hdi ning luong tai sinh. Do khong c6 duoc s6 liéu duong
cong toc do nén céc tac gia dua vao cac théng sé doan tau, thong sb tuyén duong va thoi gian
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chay tau gitra cac ga dé xay dung dudng cong toc d6 chay tau theo dang nhu Hinh 6. Hinh 7
mo ta phan bd cong suat doan tau tai timg diém di chuyén theo ca hai huéng tir Cét Linh dén
Yén Nghia va tir Yén Nghia quay vé Cét Linh.

25 T T T T

N~
=]

—
wn

Tée dé (m/s)

ot
<

Cit Linh -Ha Pong
—=-—--Ha Pong - Cat Linh
I I
Cat Linh 931 1,833 Lang 4,157 5,166 Phung Khoang 7,768 Ha Dong 10,201 11,629 Yen Nghia
Vi tri doc tuyén duomng (m)

5k

Hinh 6. D6 thi téc do theo vi tri doc tuyén dudng ca hai hudng.

3000 T T T T T T T
2000

1000

S

Céng suit (KW)
>

-1000

Cat Linh-Ha Pong
=====Ha DPong-Cit Linh
T T T T

-3000 1 L L
Cat Linh 931 1833 Léing 4157 5166 Phung Khoang 7768 Ha Pong 10201 11629 Yén Nghia
Vi tri doc tuyén dwomg (m)

-2000

Hinh 7. Cong suat doc hanh trinh tir ga Cat Linh téi ga Yén Nghia theo ca hai hudng.

Trén co sé cOng suat doan tau tai ting thoi diém doc tuyén duong da xéac dinh, thuat toan
duoc thuc hién dé xac dinh niang luong tiéu thy ciing nhu ning luong thu hdi dugc trén mang
dién kéo twong ng Véi cac phuong an khac nhau. Hinh 8 mé ta biéu d6 cong suat theo thoi
gian cua cé4c tram dién kéo trong truong hop bd tri hai nghich luu tai tram Cét Linh va tram
Yén Nghia. Thoi gian mé phong trong khoang 180 giy, trong d6 van hanh tong s6 11 doan
tau toan tuyén. Piéu kién thiét 1ap ché do nghich luu chon gié trj dién &p toi thiéu 12 825 V.

Truong hop mo phong cho ché d6 van hanh tong s6 11 doan tau trong thoi gian tu 5 gio
dén 22 gio c6 két qua téng hop trong Bang 3. Minh hoa trong bang, cot tha hai biéu dién vj tri
cac tram co0 nghich luu (T1 — Cat Linh; T2 — Lang; T3 — Phung Khoang; T4 — Ha Dong, T5 -
Yeén Nghia) twong (ng véi timg phuong én. Cot 3 va cot 4 1a nang lugng tiéu thy va thu hoi
trén toan tuyén trong khoang thoi gian mot ngay. Cac cot tir 7 téi 9 liét ké cong suat nghich
luu twong tng vai tung phuong an tai cac tram dién kéo tir Cat Linh t&i Yén Nghia. Hai cot
cudi cung hién thi tong chi phi trong 10 nam cho hai trudng hop c6 va khdng cé trang bi
nghich luu trong tram dién kéo. Vi tuyén duong sat d6 thi Cat Linh — Ha Pong, chiéu dai ca
tuyén duong la 13 km, gia dinh bd tri 5 tram dién kéo. Khi d6 tong s6 phwong an 1a 31. Trén
Bang 4 liét ké cac phwong an str dung nghich luu twong tng vai cac té hop trang bi tir mot
tram dién kéo c6 nghich luu tro 1&n. Quan sat trén bang, phuwong an 12 dat duoc chi phi tdi
thiéu voi mirc 252,98 ty dong. Vi tri tram can trang bi nghich luu 1a Cat Linh va Yén Nghia
V6i cong suat nghich luu twong tng 1a 2531 (kW) va 1504 (kW). Udc tinh tiét kiém duoc
87,62 ty dong so sanh voi muc chi phi khi khong trang bi nghich luu trong cac tram dién kéo
& muc 340,6 ty dong. Nang lwong thu hdi trong phuong an b tri ndy 15215 (KW.h/ngay), so
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sanh véi téng lwong ning luong tiéu thy 1a 57846 (KW.h/ngay), sé tiét kiém duoc t6i 26,3%
tong nang lugng tiéu thu.
3000 T T T T T

= [
= =3
> =3
= =

t Tram Cit Linh (KW)
o

-1000

X

Cong sua

-2000

3000 | L | | L L ! L
20 40 60 80 100 120 140 160 180

Thoi diém trong chu ky headway = 180 (gidy)

T T T T T T T T

- e NN W W

o 0 < n =3 h

=3 = =3 =3 = S

= =] < =] =4 =
T

Cong suft Tram Ling (KW)

h
=3
<

1 1
40 60 _80 100 120 140 160 180
Thoi diém trong chu ky 180 (gidy)

2500 T T T T T T T T

t Tram Phung Khoang (KW)

“s
2
o0
& | A | I
2 40 60 80 100 120 140 160 180

Thoi diém trong chu ky 180 (gidy)

2500 T T T T T T

(KW)

2000 —

ong

1500 -

1000

t Tram Ha D

X

ong sua

500

i

60 80 100 120 140 160 180
Thoi diém trong chu ky 180 (gidy)

3000 T T T T T T T T
2000
1000

-1000

-2000

ng suiit Tram Yén Nghia (KW)

I | |

& -3000 | | | | |
© 0 20 40 60 80 100 120 140 160 180

Thoi diém trong chu ky 180 (gidy)
Hinh 8. Cong suat cac tram dién kéo khi tram Cat Linh va Yén Nghia c6 nghich luu.
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Bang 3. Két qua thuat toan trudng hop van hanh 11 doan tau.

STT | Vitri Ning luong Cong suat nghich luu tai cac tram dién | Tongchi | Chi phi
tram NL | (KW.h/ngay) kéo (KW) phi trong | trong 10
10 nam nam khi
Tiéu Thu khi co NL | khéng cd
the | hoi | 1+ | T2 | T3 | T4 | TS I (ydéng) | NL(ty
dong)
1 T1 62191 | 14213 | 2536 | 0000 | 0000 | 0000 | 0000 290,45
2 T2 62687 | 14828 | 0000 | 2978 | 0000 | 0000 | 0000 288,45
3 T3 62366 | 14297 | 0000 | 0000 | 3296 | 0000 | 0000 288,84
4 T4 62194 | 14742 | 0000 | 0000 | 0000 | 3231 | 0000 285,20
5 T5 61926 | 12460 | 0000 | 0000 | 0000 | 0000 | 1890 301,53
6 T4-5 58966 | 15958 | 0000 | 0000 | 0000 | 3013 | 0887 255,70
7 T3-5 61147 | 17438 0000 | 0000 | 3291 | 0000 | 0951 259,07
8 T3-4 61416 | 17619 | 0000 | 0000 | 3204 | 0993 | 0000 259,74
9 T2-5 59978 | 16657 | 0000 | 2976 | 0000 | 0000 | 1130 257,06
10 T2-4 61173 | 17464 | 0000 | 2884 | 0000 | 1226 | 0000 259,46
11 T2-3 61011 | 17354 | 0000 | 2713 | 1623 | 0000 | 0000 258,49
12 T1-5 57846 | 15215 2531 | 0000 | 0000 | 0000 | 1504 252,98
13 T1-4 59671 | 16448 2328 | 0000 | 0000 | 1636 | 0000 256,86
14 T1-3 60570 | 17055 1950 | 0000 | 2126 | 0000 | 0000 258,35
15 T1-2 59207 | 16135 | 1074 | 2839 | 0000 | 0000 | 0000 256,07
16 T3-4-5 | 61911 | 17955 | 0000 | 0000 | 3204 | 0746 | 0887 258,91 340.6
17 T2-4-5 | 61526 | 17702 | 0000 | 2884 | 0000 | 1000 | 0887 258,28 '
18 T2-3-5 | 61922 | 17970 | 0000 | 2713 | 1322 | 0000 | 0951 258,46
19 T2-3-4 | 62191 | 18151 0000 | 2713 | 1159 | 0993 | 0000 259,35
20 T1-4-5 | 59839 | 16561 2328 | 0000 | 0000 | 1317 | 0887 255,57
21 T1-3-5 | 61159 | 17453 1950 | 0000 | 1705 | 0000 | 0951 258,01
22 T1-3-4 | 61428 | 17635 | 1950 | 0000 | 1580 | 0993 | 0000 258,79
23 T1-2-5 | 59978 | 16657 | 1074 | 2193 | 0000 | 0000 | 1130 256,22
24 T1-2-4 | 61173 | 17465 1074 | 2071 | 0000 | 1226 | 0000 258,71
25 T1-2-3 | 61014 | 17357 | 1074 | 1828 | 1623 | 0000 | 0000 257,95
26 2-3-4-5 | 62687 | 18486 0000 | 0755 | 0754 | 0917 | 1550 262,89
27 1-3-4-5 | 61923 | 17970 0636 000 | 0943 | 0917 | 1550 261,16
28 1-2-4-5 | 61526 | 17703 0799 808 | 0000 | 0864 | 1551 260,42
29 1-2-3-5 | 61926 | 17973 0799 693 | 0713 | 0000 | 1819 261,22
30 1-2-3-4 | 62194 | 18154 | 0799 696 | 0747 | 1963 | 0000 261,24
31 1'2'53'4' 62366 | 18488 | 1074 | 1828 | 1159 | 0746 | 0887 | 290,45

tram dién kéo c6 nghich luu tro 1&n. Quan sat trén bang, phuong an 12 dat duoc chi phi tdi
thiéu voi mirc 252,98 ty dong. Vi tri tram can trang bi nghich luu 13 Cat Linh va Yén Nghia
Vv6i cong suat nghich luu twong tmg 1a 2531 (kW) va 1504 (kW). Udc tinh tiét kiém duoc
87,62 ty dong so sanh vai muc chi phi khi khong trang bi nghich luu trong cac tram dién kéo
& muc 340,6 ty dong. Nang luong thu hdi trong phuong an bé tri ndy 15215 (KW.h/ngay), so
sénh véi tong luong ning luong tiéu thu 12 57846 (KW.h/ngay), sé tiét kiem duoc ti 26,3%
tong nang luong tiéu thy.
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Phuong 4n bé tri nghich luu

Hinh 9. Chi phi ctia cic phuong 4n twong (ng véi s6 leong doan tau van hanh.

Mot cach tuong ty, thuat toan duoc thuc hién cho cac ché do quan ly van hanh khéc nhau
bao gom: trudng hop mot van hanh 11 doan tau trén toan tuyén; trudng hop hai van hanh 9
doan tau trén toan tuyén; va truong hop thir ba chi van hanh 8 doan tau. Chi phi tong ciing
dugc tinh toan cho 10 nam, két qua dugc biéu dién trén Hinh 9.

Két qua md phong minh hoa tinh linh hoat cta thuat toan. Véi cong suit doan tau tai
ting thoi diém doc tuyén duong duoc xac dinh, ¢6 thé tly chon ché do van hanh véi sé luong
doan tau khac nhau thuat toan déu cé thé tim duoc giai phap tdi wu cho sé luogng, Vi tri ciing
nhu ¢6ng suat nghich luu. Qua dé cho thiy phuong phap dé xuat cé thé dong vai trdo nhu mot
cdng cu hd tro cho céc nghién ciru kha thi va cac dy an so bo vé trién khai thiét bi nghich luu
thu hoi ning lugng tai sinh trong céc hé thong giao thong duong sit do thi.

4. KET LUAN

Bai bao da dé& xuat mot phuong phap toi wu vi tri va dung lwong tram nghich luu trong hé
thdng cung cap dién kéo duong sat do thi. Bé minh hoa anh hudng ciia s6 lugng va vi tri b
tri tram nghich luu dén hiéu qua thu héi nang luong, tuyén duong sit Cat Linh — Ha Pong da
dugc chon dé mod phong trén may tinh. Trén co s& d6, mot thuat toan duwa trén nguyén ly tim
kiém toan cuc dugc xay dung dé xac dinh sé lugng, vi tri ciing nhu cong sut ti wu cua cac
b nghich lvu. Trong tdi wu héa kinh té, ham muyc tiéu bao gom chi phi nghich Iuu va chi phi
tiéu thy nang luong cua hé théng. Két qua tdi wu hoa trén md hinh md phong dy doan tiét
kiém tai chinh dén 25,7% va tiét kiém nang luong tiéu thu dat duoc 1a 26,3%. C6 thé thiy
ring ning luong tai tao dang ké co thé duogc thu hdi bang céach lap dit bo nghich luu thich hop
dé dat duoc muc tiét kiém nang luong. Két qua mé phong cho thay hé théng vi du duoc téi uu
hoa va kha ning tiét kiém ning lugng cua né 1a dang chu y.
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