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Abstract. Optimal location and capacity of substations play an important role in the railway
power system that not only ensures the safety and reliability in operation process but also
significantly affects on the total cost of railway power supply system. This paper proposes a
new method to solve the problem of optimal substation planning in the urban railway systems.
On the basis of a fixed load model converted to the moving load of the train, the proposed
method improves the linear programming to find the minimum number of substations and
their optimal locations for minimizing the total cost as well as the power loss of the railway
power supply system. The simulation on a test system base on the data of Cat Linh - Ha Dong
railway system was tested for evaluating the effect of the proposed approach. The simulated
results showed that the proposed method is flexible and feasible in solving the substation
planning problem for railway electrification systems which can be used as a solution to the
pre-planning stage as well as in the detailed design for urban railway systems.
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Tom tat. Vi tri va dung luong tram dién kéo c6 anh huéng quan trong trong cac hé thong
cung cap dién giao thong. N6 khong chi dam bao van dé an toan va tinh lién tyc trong van
hanh ma con anh huong quyét dinh téi chi phi dau tu xay dung ban dau ciing nhu chi phi véan
hanh trong giai doan khai thac. Bai bao nay dé xuat mot phuong phap méi dé lya chon vi tri
t6i wu ctia cAc tram dién kéo trong céc hé thong giao thong dién d6 thi. Phuong phap dé xuat
dia trén md hinh chuyén hda phu tai doan tau di chuyén sang md hinh cac phu tai ¢ dinh, tir
d6 ap dung thuat toan quy hoach nguyén dé téi wu hoa sé lwong tram dién kéo va xac dinh vi
tri cac tram vai muc tiéu téi thiéu hoa tong chi phi dau tu x4y dung va chi phi van hanh tram
cling nhu ton that céng suat trén toan tuyén trong qua trinh van hanh khai thac. Phuong phéap
dé xuat duoc kiém tra va hiéu chinh trén mot hé thong méd phong dua trén sé liéu tuyén duong
sat Cét Linh-Ha Pong. Két qua mo phong da chiing minh tinh kha thi va tinh linh hoat caa
phuong phap dé xuit, qua d6 co thé duogc sir dung la mot giai phap &p dung trong giai doan
lap ké hoach so b ciing nhur trong giai doan thiét ké chi tiét cho hé thong giao thong dién do
thi.

Tur khéa: tram dién kéo, cung cép dién giao thong, giao thong dién duong sét, quy hoach
tuyen tinh nguyén (ILP).
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1. PAT VAN DE

Trong cac hé thong giao thong dién dudng sat, hé thdng cung cip dién c6 mot vai tro
quan trong. Mot hé thdng cung cip dién duoc thiét ké tdi uu khong chi dam bao cho qué trinh
van hanh mot cach an toan, lién tuc ma con anh huong tryc tiép dén chi phi dau tu xay dung
ciing nhu chi phi van hanh khai thac va bao dudng sau nay. Ap dung cac k¥ thuat toi uu dé
xay dung cac phuong an thiét ké hé théng cung cip dién cho cac hé thong giao thong dién
duong sit d6 thi 1a van dé thu hat nhiéu sy quan tdm ciia céc k¥ su ciing nhu cac nha nghién
Cctru, trong do cé viéc quy hoach t61 vu vi tri tram dién kéo (TPK) va phan vung cép dién cua
ting tram trén doc tuyén duong.

Téc gia Laszlo De Koranyi [1] d& xut hai phuong an bd tri tram dién kéo. Phuong an thir
nhét 14 dit cac TPK ngay tai Vi tri cac nha ga, va phuong an tht hai 1a dit vi tri cac TPK & vi
tri gitra hai nha ga. T4c gia quan niém rang tai vi tri cic nha ga cac doan tau thuc hién qua
trinh khoi dong do d6 muc tiéu thu cong suat Ia 16n nhat; ngoai ra van dé bao dudng, sira chira
tram s& trd nén tién dung hon khi tram duoc bé tri ¢ cac vi tri khac cach xa nha ga. Véi hai
phuong an b tri ndy, tac gia ciing mac dinh mdi tram s& cung cap dién cho pham vi hai nha
ga, diéu nay cd thé dan tgi mot két qua khong téi wu trong sé luong ciing nhu dung luong
tram. Tiép tuc phat trién phuong phap ctua Koranyi, Brenna [2] da bo sung thém maot sé cac
tham s6 khac nhu duong cong dic tinh doan tau, cac tham s dia hinh cua duong ray (profile)
cling nhu tap tinh cua tai xé 1ai tau dé tinh toan dong dién phu tai doan tau phuc vu cho van dé
lua chon dung luong tram dién kéo.

Kneschke [3] dé xuat mot phuong phap don gian dé xac dinh khoang cach giira cac TPK
trong hé théng cung cap dién giao thong ca d6 thi 1an duong dai. Phuong phéap cua Kneschke
&p dung tinh toan cho tung cau hinh cung cép dién riéng lé. Tuy nhién phuong phap nay chi
quan tdm toi cng suat danh dinh caa doan tau va sd luong doan tau trén tuyén ma khéng xem
xét dén sy bién do6i cong suat cua doan tau khi di chuyén doc tuyén duong trong qua trinh van
hanh.

Trong c6ng trinh nghién ciu cua minh, White [4] da dua ra khuyén nghi vé khoang céch
kinh té nhét giita cic TPK trong hé thong giao théng dién mot chiéu tuong tng véi mic dién
&p st dung: vai dién ap 750 (V) thi khoang cach téi wu gitra cac tram s& 1a 5-6 km; khi dién ap
la 1500 (V) thi khoang céch la 8-13 km; va khoang céch 1a 20-30 km cho hé thdng sir dung
dién ap 3000 (V). Tuy vay, véi dai pham vi khuyén nghi con kha rong thi van kha kho khin
dé c6 thé lua chon dugc cac vi tri tram 12 kinh té nhét.

Mét qué trinh toi wu tong ton hao ning lwong dua trén viéc phan chia dong déu mat do
cong suét tiéu thu phan bé doc tuyén dudng duoc dé xuat bai Nguyen X. H. Viet va cac cong
su [5]. Vi viéc phan chia dong déu mat do cong suét trén cac phan doan cip dién, qua trinh
t6i wu s& chi phy thudc vao viéc tim vi tri tdi wu cho TPK tai phan doan dau tién trén co so da
lya chon sb lwong phan doan cip dién trén toan tuyén.

Gonzalez va Manzanedo [6] xay dung mdi quan hé gitra céng suat yéu cau va khoang
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cach cip dién tir tram trong pham vi ton that dién 4p cho phép. Trong phuong phap niy tac
gia lya chon cdng suat yéu cau dé tinh toan 1 gia tri 16n nhét trong cac thoi diém doc tuyén
duong, vi tri tram dau tién dwoc lua chon cach diém xuat phat cua tuyén duong bing mot
khoang cach ma tén that dién &p trén khoang cach d6 bang gia tri ton that dién ap tiéu chun
I6n nhat cho phép. Vi tri cac tram tiép theo s& duoc tinh toan theo nguyén tic twong tu tir
diém cubi cung duoc cip dién cua tram trudc d6. Két qua thu duoc 1 tap céc vi tri tram dam
bao duoc gia tri dién ap doc tuyén dudng trong pham vi tiéu chuan, tuy nhién nd chua phai 1a
cac Vi tri toi wru boi vi cdng suit tidu thu 13 bién d6i phan bd doc theo duong ray.

Thuat toan di truyén dugc Pereira va cac cong su [7] &p dung dé tim vi tri tdi vu cua cac
tram chinh luu trén hé théng cung cip dién giao théng mot chiédu. Vi nguyén tic 12 phan phdi
déu phu tai tiéu thu cho céc tram dién kéo, cac tac gia da dé xuat ham muc tiéu la tong cua cac
sai léch cong suat tiéu thu 16n nhat giira cac tram va sai léch nang luong tiéu thu giira cac
tram. Trong phuong phép nay, sé lwong tram da dugc lya chon trudc khi thuc hién qué trinh
t6i wu hoa, do d6 ban chét ciia phuong phép chi 12 tdi wu phan ving cdp dién cho cac tram dua
trén nguyén tic phan chia dong déu phu tai tiéu thy. Cing muc tiéu va ciing ap dung thuat
toan di truyén cac tac gia cua bai bao [8] st dung mé hinh load flow dé phan chia cong suat
phu tai trong qua trinh ti wu. Xét vé qua trinh thyc hién 1a khéc biét so véi Pereira, tuy nhién
ban chat cia phuong phap thi 1a giéng nhau, va quan trong hon nita 13 s6 luong tram van phai
duge xac dinh trudc khi thuc hién qua trinh t6i wu.

Chen va Jiang [9] &p dung thuat toan bay dan dé tim vi tri tdi uu ctia c4c tram ciing nhu vi
tri phan doan cip dién cho tirng tram véi muc tiéu téi thiéu hoa tén that niang luong trén toan
tuyén. Céc tac gia da sir dung mo hinh cip dién mot phia (mot tram cap dién cho mot phan
doan) dé tinh toan ton that cong suat trén duong ray va mang tiép xtc khi doan tau di chuyén
trong pham vi phan doan cap dién cua tram, tir d6 xay dung méi quan hé twong quan giira ton
that nang luong trong pham vi phan doan véi vi tri dat tram. Thuat toan bay dan sau dé duoc
ap dung dé tdi thiéu hoa ton that nang lugng trén toan tuyén, tir d6 tim ra vi tri ti wu cta tram
va vi tri tdi uu dé phan tach pham vi cdp dién giita cac tram. Ciing gidng nhu cic phuong
phap trong [7, 8], phuong phap dé xuét cua Chen van phai lya chon sé lugng TPK truge khi
thue hién qué trinh téi vu.

Muc dich ctia quy hoach t6i wu hé thdng cung cép dién giao thong 1a xac dinh dugc s6
lwong tram tdi thiéu, vi tri tdi wu cua tram, phan ving cdp dién cua ting tram va dung luong
cua ting tram. Muc tiéu c6 thé dan tai 1a téi thiéu chi phi dau tu, chi phi van hanh, chi phi bao
dudng stra chira; téi thiéu hda tén hao ning luong, ... Dé thuc hién duoc s& can cac thong s6 dé
xac dinh dwoc cdng suét tiéu thu hodc dong dién phu tai doan tau phan b trén ting vi tri
tuyén duong trong ting thoi diém di chuyén. Vi dac diém 1a phu tai di chuyén, do vay sé& rat
kho khin dé xay dung duoc md hinh toan hoc chinh xé4c cho hé théng cung cap dién giao
thong dé phuc vu cho viéc &p dung céc k¥ thuat téi uvu. Nhu trong cac nghién ciru da cong bd
& trén, cac tac gia hau nhu hodc 1 gia dinh phu tai khong ddi, hoac 1a phai ¢ dinh s6 lugng
tram dé xay dung dwoc ca&c md hinh toan hoc xac dinh truéc khi co thé ap dung duoc cac
thuat toan t6i wu.
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Bai bao nay dé xuit mot phuong phap thuc hién qué trinh téi wu dya trén md hinh bién
nhi phan dé giai bai toan quy hoach tbi wu hé théng cung cip dién giao thong. Trong md hinh
bién nhi phan khéng can cac gia dinh giéng nhu trong cac nghién ctru trudc, phu tai doan tau
duoc tinh ton theo tung vi tri di chuyén doc tuyén, sb luong tram ciing 1a mot bién sé duoc
t6i wu hoa. Do vay str dung md hinh bién nhi phan, bai toan t6i wu s& dugc giai quyét triét dé.
Trong bai béo nay vi tri dit tram doc theo tuyén dudng dwoc chon 1 cac bién nhi phan, pham
Vi cép dién trng vai tung vi tri dat tram s€ duogc xac dinh dé thoa méan chat luong dién &p theo
tiéu chuan IEC 60850. Qué trinh t6i wu thuc hién trong 2 giai doan: giai doan 1 cai tién thuat
toan quy hoach nguyén téi vu sb lugng tram dé téi thiéu héa téng chi phi dau tu va van hanh;
giai doan 2 t6i uu vi tri tram va phan ving cip dién dé t6i thiéu hoa tong ton that cong suat
trén toan tuyén. Sau khi c6 duoc vi tri tram va pham vi cip dién cua tung tram, dung luong
tram s& duoc tinh toan. Phuong phap dé xuat duoc kiém nghiém trén 1 hé théng md phong
dua trén sé liéu co ban cua tuyén Cat Linh-Ha DPong.

2. COSOLY THUYET
2.1. M6 hinh hé thong cung cip dién giao thong mot chiéu

Hé théng cung cép dién giao thdng mot chiéu bao gom tram dién kéo; ludi tiép xic (ray
tiép xuc); phu tai doan tau; ray chay tau va duong day hoi luu dong dién. Chu trinh dong dién
bat dau tir TPK (da duoc chinh luu) din qua mang tiép xuc téi doan tau tiéu thu. Théng qua
duong ray va duong hoi luu dong dién sé quay vé TPK khép kin chu trinh ctia dong dién.
Trén quan diém mé hinh mach dién, TPK dugc md ta bang ngudn cung cap 1 chiéu; doan tau
dugc md ta bang mot nguon dong co gia tri bién doi; con ludi tiép xac va dudng ray duoc md
ta bang cac dién tro phan bd. Mot cach tong quan md hinh mach mé ta 1 phan doan cip dién
theo [10] s€ dugc mo ta nhu hinh 1.

Dién tré IUdi ti€p xuc + ray

T — 1 T Ray trai
1 1 Ray phai
Tau Tau TPK Tau Tau

Hinh 1. Md hinh mét phdn doan cdp dién ciia TPK.
2.2. M6 hinh dong dién doan tau phan b6 doc tuyén duong
Dong dién doan tau tiéu thu 1a tham sé duogc sir dung xét diéu kién rang budc vé ton that
dién &p theo tiéu chuan IEC 60850 cho véan d& lua chon khoang céch giita cac tram ciing nhu
phan viing cip dién cho ting tram, sau d6 s& duoc sir dung dé tinh toan dung lugng tram. Dé
tinh toan dugc dong dién ta can céc sb liéu co ban cua doan tau, s6 luong doan tau, biéu dd
chay tau, profile cua tuyén dudng, co ban cé thé tinh theo cong thic:
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P(x) _ F(X).v(x)

1(x)=
Vdc Vdc

(1)

trong do:

v(x) 1a van téc doan tau tai mdi vi tri x trén toan tuyén duong. Van tc s& duoc tinh toan
dua vao biéu d6 chay tau, profile tuyén duong, gisi han téc do 16n nhat, gidi han gia téc 16n
nhét;

F(X) 1 luc kéo doan tau tai mdi vi tri X trén toan tuyén duong. Luc kéo s& bao gom luc
kéo ban than doan tau trong cac giai doan gia tc, toc d6 khong dbi va giam tdc; luc can do do
cong; luc can do do déc;

P(x) 1 c6ng suét doan tau tai mdi vi tri x trén toan tuyén duong:
Vic 12 dién ap dinh mirc trén ludi tiép x(c.

2.3. Anh hwéng ciia vi tri TPK dén ton hao cong suit, sut 4p va chi phi dau tw ciing nhw
chi phi van hanh, bao duwéng tram
Vi tri caa TPK s& ¢6 anh hudng truc tiép t6i ton hao céng suat trén ludi tiép xuc va duong

day hdi luu. Tir mé hinh trén hinh 1, cong suat tén that co thé duoc tinh theo cong thic:

AP=2r0.|x—xs|.I2(x) @)
X=X

trong do:

ro 1a dién tro cia ludi tiép xdc va ray tinh trén 1 km;

X0, Xc 14 toa @6 dau va cudi trong pham vi cap dién cua tram S;
Xs la toa do cua tram S;

I(x) 1a gia tri dong dién doan tau tai mdi vi tri toa do x.

C6 thé nhan thay rang bd tri tram tai vi tri gan cac diém tai 16n s& giam duoc ton that
cdng suat, do vay giam tén hao ning luong trong qua trinh van hanh, qua d6 gép phan giam
chi phi nang lugng van hanh.

Tuong tu nhu ton that cdng suit, ton that dién ap trén ludi tiép xuc ciing phu thudc vao vi
tri twong quan giira tram va cac diém tai Ion. Ton that dién &p co thé duogc tinh theo cong
thuc:

AV (X) = Iy | x =X, [.1(X) (3)

Ngoai ra, vi tri TPK ciing ¢6 anh hudng tryuc tiép t6i chi phi dau tu xay dung ciing nhu
chi phi van hanh, bao dudng, sira chita. Chi phi nay la khdng cé dinh, né phu thudc vao ting
cong trinh; trong d6 c6 thé ké dén nhiing tham sb c6 anh huong 16n nhu giai phdng mit bang,
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quy hoach kién trdc - kinh té - chinh tri, tén hao ning luong trong qué trinh van hanh, vi tri
tuong quan véi Cac tram bién &p chinh, vi tri twong quan véi nha ga,...Dua theo dé xuat cia
cac tac gia trong [11] va [12], tong quan chi phi c6 thé tinh toan theo cong thic:

C(¥)=Co(9)+ D CE, () + > CV, (¥) @

trong do:
C la téng chi phi cua tram khi dat tai vi tri X;

Co 1a chi phi dau tu xay dyng. Chi phi nay bao gdm chi phi cta céc thiét bi trong tram va
cap trung ap ndi tir tram tGi tram bién &p chinh, chi phi xay dung tram, chi phi giai phong mat
bang;

CE la chi phi ton hao ning lugng trong tram trong thoi gian van hanh mot nam; ny 1 s6
nam van hanh trong tinh toan;

CV la chi phi van hanh tram trong thoi gian mot nam. Chi phi nay bao gdom ca bao dudng,
sira chira va thay thé dinh ky.

2.4. Co sé phwong phap luan

Nhu trong cac nghién ctru trudce, thong thuong céc thdng sé ton that dién ap, ton that
cong suét va phan doan cip dién duoc tinh todn dya vao vi tri cua tram dién kéo. Ngoai ra, dé
mo hinh hoa duoc hé thdng cap dién ciing can phai ¢6 ngudn xéac dinh, phu tai xac dinh va cac
thong sé duong day; do vay vi tri tram s& duoc sir dung 1am cin cir cho viéc xay dyng mo
hinh va tinh toan cac tham sé khéac. Tuy nhién, do phu tai doan tau c6 dang di chuyén va vi tri
ciia TPK 1a tham sb chwa xac dinh nén néu sir dung vi tri tram 1am can ct thi s& c6 vo s6 md
hinh mach twong &ng véi sb to hop vi tri cua tai va vi tri ciia ngudn. Néu coi phu tai doan tau
bao gébm n phu tai phan b doc trén tuyén duong (n du 16n), n phu tai nay s& c6 hé sé dong
thoi bang khong, tic 1a trong 1 thoi diém chi ¢d 1 phu tai dugc cip dién; tir d6 s& cd thé
chuyén di phu tai di chuyén thanh mé hinh phuy tai ¢ dinh nhu minh hoa trén Hinh 2.

Hinh 2. Phan chia khodng cach phu tai dodn tau.
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Tur mo hinh phén chia phu tai trén, twong tng véi moi phu tai, ta sé xac dinh duoc pham
vi bé tri TPK theo tiéu chuan ton that dién ap cho phép nhu cong thic sau:

AV + 1L D i (% +iLy)
Lk — — i=0 (5)
LY 1(x +ily)
i=0

trong do: AV, 1a ton that dién ap cho phép; r, 1a dién tré cua ludi tiép xic va ray trén 1
km; 1(x,)1a dong dién tai vi tri x_; Ln 1a khoang cach gitra 2 doan tau lién k&; m 12 sé doan tau
trong phan ving tir diém tai dang xét t6i vi tri TDK; va x_1a vi tri cua tram dién kéo.

DPé dam bao chat lwong dién ap cap cho phu tai tai vi tri X« , Vi tri xs cia TPK can thoa
man diéu kién:

|XS—Xk|£Lk (6)

Khi van dé quy hoach téi wu cac TDK coi vi tri ciia cac TPK 1a cac bién thi diéu kién
rang budc mo ta bai (6) co dang 1a mot bat dang thirc tuyén tinh, day 1a co s dé co thé tim
dugc vi tri chinh xac cua cac TDK khi ap dung céc thuat toan tdi wu.

3. QUY HOACH TOI UU VI TRi TRAM PIEN KEO

3.1. Ham muc tiéu va diéu kién rang bugc

Quy hoach téi wu vi tri TPK 1a qua trinh xac dinh s6 luong téi thiéu cac TDK va vi tri cac
tram dé t6i thiéu hoa chi phi hoac ton hao niang lwong. Muc tiéu trong bai béo nay 1a tdi thiéu
hoa tong chi phi caa hé thong tram, ham muc tiéu duoc md ta nhu biéu thuc:

min i C,.y,
@)

Subject to Ay, =b

trong do:
n 12 téng sb vi tri cd thé bé tri tram trén tuyén duong;
Cx la chi phi khi tram dat tai vi tri x. Cx dwoc tinh theo cdng thuc (4);

yx 12 bién nhi phan, trong d6 yx =1 khi tram duogc dat tai vi tri x, va nguoc lai yx =0 khi
tram khong duoc dat tai vi tri x.

A 13 ma tran diéu kién kich c¢& nxn, trong d6 cac phan tir duoc xac dinh theo tiéu chuan
t6n that dién ap cho phép.
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Aj:{l it |x —x]<L

0 otherwise

®)

b 1a véc to xac dinh diéu kién van hanh kich ¢& nx1, bi = 1 xét cho truong hop van hanh
binh thudng; bi = 2 xét cho trudng hop 1 tram bi sy cé.

3.2. Thuit toan dé xuit xac dinh vi tri tram dién kéo

Vé6i ham muc tiéu va cac diéu kién rang budc tuyén tinh nhu mé ta bai cac biéu thic thi
thuat toan quy hoach tuyén tinh nguy@n (ILP) c6 thé ap dung rat pht hop va hiéu qua, tuy vay
ban than thuat toan quy hoach tuyén tinh chi tim 1 phwong an tbi uu, khi diéu kién ti vu thoa
man, qué trinh tim kiém s& két thac. Trong bai béo nay tac gia thuc hién cai tién diéu kién
ding cua thuat toan quy hoach tuyén tinh ban dau, tir d6 s& tién hanh tim hét toan bo céac
phuong 4n téi wu trong giai doan 1. Sau khi c6 tap cac phwong an tdi wu, trong giai doan 2
mét thuat toan nho dugc xay dyung dé tinh tong cong suat ton hao trén ludi tiép xuc va duong
ray cho ting phuong an, va phuong an duoc chon sau cung la phuong an c6 tong ton that
cdng suit nho nhat. Trinh tu thuc hién thuat toan duoc md ta theo cac budc nhu sau:

Budc 1: Nhap céc thong s6 cua doan tau, biéu d6 chay tau, profile tuyén dudng, dién ap
ludi tiép xtic, dién tro don vi caa ludi tiép xuc va duong ray, tén that dién ap cho phép

Budc 2: Tinh toan véc to toe do, véc to luc, véc to cong sudt va véc to dong dién tuong
g cho n vi tri trén doc tuyén duong.

Buac 3: Xay dung véc to chi phi C, ma tran A va véc to b.

Budc 4: Tim tit ca cac phuwong an t6i wu ctia ham muc tiéu mo ta tai (7) theo thuat toan
ILP.

Budc 5: Tinh ton that cong suat cho timg phuong an

Phan doan cap dién cho ting tram theo tiéu chi can bang ton that dién ap. Diém phan tach
s& 0 gia tri ton that nhu nhau khi duoc cip dién tir 2 tram lién ké.

Tinh tén that cong suat trén toan tuyén theo cong thic (2).
So sanh va lya chon phwong an c6 tong ton that nho nhat.

Budc 6: Hién thi s6 lwong tram, vi tri tram, vi tri diém phan tach phan doan cip dién cua
maoi tram.

3.3. Két qua md phéng

Dé kiém nghiém phuong phap dé xuat, mot mo hinh doan tau duoc xay dung dua theo s6
liéu cua tuyén duong st Cat Linh-Ha Dong dugc tham khao trong tai liéu du an Cét Linh-Ha
Pong [13]. S6 liéu cua mot tuyén cu thé co y nghia dé tinh toan ra cac thong sé cu thé, nd
khong lam mat di tinh tong quéat cua thuat toan dé xuat dé giai bai toan quy hoach tbi wu vi tri
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TPK cho bat ky tuyén duong sat do thi ndo. Cac thong sb co ban cta doan tau duoc liét ké
trong bang 1 va profile tuyén dudng dwoc mé ta nhu trén hinh 3. Thoi gian chay tau duoc

téng két trong bang 2.

Bdng 1. Thdng s6 co ban ciia doan tau.

Théng sb Pon vi Gia tri
Dién ap dinh muc ludi tiép xdc Vv 750
Téc d6 cho phép téi da Km/h 80
Gia toc cho phép téi da m/s? 1.4
S6 toa dong co Toa 2
S6 toa khong dong co Toa 2
Khéi luong toa xe dong co Kg 25000
Khéi luong toa xe khong dong co Kg 20000
S6 lugng hanh khéch (60 kg/hanh khach) Hanh khach 1000
Téng s6 lwong doan tau Poan tau 13
Bdng 2. Thoi gian chay tau giira cac ga.

Tirga Pén ga dC;?i(?:]J) Thc‘y(isgian Tirga Bén ga Chi(it:)dai Thc‘r(isgian
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.Pong 1110 84

Léang T. Pinh 1249 103 H.Dong V.Quén 1323 97
T. Pinh Vb3 1009 79 V.Quén P.Khoang 1122 85

Vb3 P.Khoang 1480 104 P.Khoang Vb3 1480 106
P.Khoang V.Quén 1122 86 Vb3 T. Binh 1009 78
V.Quén H.Déng 1323 97 T. Pinh Lang 1249 104
H.Pong 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 5.0 11.0 30 17.0 0.0
150.0 150.0 200.0 2200 200.0 1700 //’
L-0,0 L-60,60 L-20,20 L-70,70
R-800 R-300 R-2500 R-550
! Ls-158 7 Ls-172
R S S S M S SR RS U

Hinh 3. Profile tuyén dirong doan ga Cét Linh — ga La Thanh.
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Dong di¢n doan tau phin bé doc tuyén duong
I T T |

3000 T T T T T T T T T T T

2500

2000

en (A)

1500

ong d

D

1000

500

1 1 1 1 Il i

0

0 0.5 1 1.5 2 25 3 35 4 4.5 5 5.5 6 6.5 T 7.5 8 8.5 9 95 10 10.5 11 11.5 12 12.512.8
Vi tri doc tuyén duing

Hinh 4. Dong dién phan bé doc tuyén diwrong.

Dua vao cac thdng sé doan tau, thong sb tuyén duong va thoi gian chay tau, dong dién
doan tau phan bé trén timg diém cua tuyén dudng dugc tinh va mé ta nhu trén hinh 4.

Véi véc to dong phu tai da xac dinh duoc, dua trén co s¢ phan doan khoang céch tai voi
sai léch 16n nhat 500(W), budc thoi gian 1(s), ton that dién ap cho phép khong vuot quéa 200
(V), va dé don gian hoa trong truong hop mé phong coi chi phi xay dung va chi phi van hanh
cuia tram tai c&c vi tri 1a nhu nhau; 4p dung thuét toan dé xuat xac dinh dwgc s luong tram toi
thiéu 1 5 tram, va vi tri tram dién kéo phan bé trén tuyén nhu minh hoa trén Hinh 5, tram thir
nhat c6 vi tri tai: x1=1.8267(km), con cac tram tha 2, 3, 4 va 5 tuong (mg duoc dit tai cac vi
tri x2= 4.6594(km), x3= 6.9054(km), x4= 9.4141(km), x5= 11.6297(km). Vi tri phan tach
ving cip dién (TPK) cho tung tram s& la TPK1=3.2531(km), TPK2=5.7858(km),
TPK3=8.1632(km), TPK4=10.5238(km).

Hinh 6 m6 ta sy twong quan giita phan b cua phu tai doc tuyén dudng va su phan bé caa
cac TPK cip dién cho toan tuyén. Vi muc tiéu t6i thiéu ton that cong suat trén ludi, do vay
cac TPK ¢ xu huéng nam tai vi tri trung tam phy tai cua phan doan cap dién.

Sau khi xac dinh duoc vi tri tram, phan ving cap dién duoc tinh duwa trén nguyén tic can
bang ton that dién ap, tuc 1a diém phan chia s& co ton that dién ap nhu nhau khi cap dién tir 2
tram lién k&. Tiép do, dién ap ludi tiép xdc trén doc tuyén ciing s& dugc xac dinh. Hinh 7 m
ta dién ap trén ludi tiép xtc tai mdi diém doc tuyén duong voi phuong 4n bd tri 5 TPK nhu da
xac dinh dugc ¢ trén. Ton that dién ap 16n nhat 13 193.02 (V) trén co s ton that dién &p cho
phép 200 (V).

Vi tri TDK va TPK
| I [ |
TDK3

| I I | |
TPKI1 TPK2 'l'lJ)K4 ™ Kg

TPK1 TPK2 TPK3 TPK4

Vi tri TPK va TPK

. Il | L 1 | | L ! | | L ! I | L | Il | ! | | |
0 0,5 1 1.5 2 2,5 3 3,5 4 4,5 5 5,5 6 6..5 7 15 8 8,5 9 9,5 10 105 11 11,5 12 125
Vi tri dgc tuyén duong

Hinh 5. Vi tri TDK va TPK.
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TDK3

7 7.5 8 85 9 9.5 10 105 11 11,5 12 125
Vi tri doc tuyén dudng (km)

Hinh 6. Tuwong quan vi tri TDK va tam phu tai.

Di¢n ap lwoi tiép xie
-Dién dp hufi ticp xtc

750 - T T T T T I T i T T T T | T T T T T [ T 0
700 W W\\’
Z6s0 - ~
&
&
2 600 -
550 -
500 | 1 1 | L | 1 L | 1 1 L | 1 L | 1 1 L | 1 1 | 1 1]
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 11,5 12 125

Vi tri doc tuyén dudmng (km)
Hinh 7. bién ap lwdi tiep xuc.

Mot yéu td ciing quyét dinh t6i tinh kha thi va do tin cay caa thuat toan dé xuat d6 chinh
la nguyén tic phan chia khoang céch tai va do phan giai phan chia. Vi muc tiéu dam bao duy
tri dugc sy phan bd dang dic tinh tai, trong bai bao nay mdi khoang cach diém tai duoc phan
chia dwa trén 2 nguyén tic: nguyén tic thir nhat 1a sai léch tai 16n nhat cho phép dugc ap dung
cho céc tinh hudng khoi dong, 1én déc, xudng ddc, thay doi téc do; nguyén tic thir 2 1a
khoang cach tai duoc tinh theo budc thoi gian, s& 4p dung cho céac tinh hudng toc d6 khéng
dbdi hoac phu tai c6 su bién doi it. Dua trén 2 nguyén tic nay thi khoang céch tai s& phu thudc
VA0 gia tri phu tai va do bién thién gia tri phu tai, trong d6 wu tién phan chia theo do bién thién
gia tri phu tai truéc. Tir 6 vai gia tri sai léch phu tai mong muébn cho trudce va budc thoi gian
s& xac dinh duoc tong s6 vi tri tai phan bd doc tuyén. Bang 3 trinh bay céac sb lidu trong quy
hoach tram va tong s lwong vi tri phu tai phan chia trén tuyén voi sai léch tai mong muén
trong moi khoang cach tai 12 500 (W) va cac budc thoi gian twong tng 1a 1 (s), 1.2 (s), va 1.5
(s) trong 3 trudng hop vai 3 dai gié tri ton that dién &4p mong muén 1a 180-250 (V), 140-180
(V), va 110-140 (V). Tur sb liéu trén bang minh hoa, c6 thé nhan thay ring sb lugng tram tdi
thiéu va ton that dién &p Ion nhat trén ludi khdng chénh léch nhiéu khi tong sb vi tri phu tai
thay d6i. Tuy nhién, vi tri TDK bi thay doi nhiéu (khoang 10 — 500 m) theo tong s6 vi tri phu
tai. Biéu nay chang to rang vi tri TPK bi anh huong khdng chi boi gia tri ton that dién &p cho
phép ma con bi anh hudng boi s6 luong diém chia. Do vay, su phan chia cin dam bao phan
anh dGng dic tinh tai thi s& quyét dinh dén do chinh xéac cua két qua, va sé diém chia cang
nhiéu s& cang chinh xac. Tuy vay, s6 luong vi tri s& anh huong tryuc tiép téi khdi luong tinh
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toan va toc do thuc hién thuat toan. Xét trong pham vi duong st do thi, chiéu dai mdi tuyén
thong thuong khoang 10 — 25(km), téc do trung binh khoang 40 (km/h), gia téc I6n nhét
khoang 1.4 (m/s?), theo nguyén tic phan chia da dé xuit cé thé phan thanh téi da 2000 - 3000
diém tai hoan toan c6 kha ning thuc hién duoc trén cac mdy tinh cau hinh trung binh hién nay
(trong bai bao nay tac gia sir dung Matlab R15a-32bit trén may tinh labtop Dell core i-3,
1.7Ghz, Ram 2Gb; khi d6 thoi gian thuc hién thuat toan cho truong hop budc thoi gian 1(s)
tuong tng vai 937 diém tai chi mat tong cong 0.360038 giay).

Bdang 3. Vi tri tram va s6 lwong tdi.

Ton that dién

4D cho phé Tong sé Sé luong Vj tri téi wu cua cac TPK Vi tri diém phan tach TPK
P (V)p PViti PT  tram (km) (km)
17705 44321 65807 91256  3.1101 55060 7.858
180-250 937 5 11.6297 10.4624
778 5 16085 4'5412f62%27839 93740 30881 5672 8.09 10.5041
52 . 1602 44646 65601 93473 30386 55181 80156
11.6140 10.4931
12011 2.8917 44105 7.0572  2.0945 3.6603 5.7412
140-180 937 6 0.0843 11.0149 8.0806 10.1309
s . 15334 26607 42176 67839 21134 34446 55114
9.0571 11.1819 8.0192 10.1305
526 o 12230 31376 51086 69433 21803 4.1296 6.0368
0.0688 11.614 8.0156 10.4747
07332 28917 43672 645 18131 3.6383 54177
110-140 937 7 8.3875 009153 11.6224 7.6860 9.1580 10.7694
s 00416 30353 43737 67688 1999 3.7087 55783
85717 10.18 11.1819 7.6865 9.3874 10.6957
526 00039 28506 43672 64710 18865 36163 54344
8.7063 9.4809 11.614 7.6862 9.0952 10.5483

Bang 4 trinh bay vi tri quy hoach t6i wu cac TPK theo gid tri ton that dién ap cho phép.
Tir s6 lieu trén bang c6 thé khang dinh véi gia tri ton that dién 4p cang nho thi s6 lwong TPK
y&u Ccau cang cao, va tuong ung khi do gia tri ton that cdng suét trén ludi tiép xdc va mach hoi
lru s& cang thap. Vai cac con s6 duoc tinh todn cu thé trén bang ciing s& 1a co s¢ dé cac nha
dau tu c6 thé udc luong duge chi phi dau tu tram va chi phi tén hao ning luwong trong van
hanh, tir d6 co dwgc nhiing tinh toan dé lya chon tbi wu gitra chi phi dau tw, chi phi van hanh
va chét lugng dién ning cua hé thdng cung cap dién.

Bdng 4. So liwrong tram, v; tri tram theo ton thar dién ap cho phép.
Vi tri t6i wu cua cac TPK

Tén that dién  S6 luong (km) Tén that cong suat
ApCP(V)  TPK (W)
180-250 5 1.7705 4.4321 6.5807 9.1256 11.6297 4,7548e+07
140-180 6 1.291 2.8917 4.41 7.0572 9.0843 11.0149 3.6214e+07
110-140 7 0.7332 2.8917 4.3672 6.4503 8.3875 9.9153 2 6869e+07
11.6224
90-110 8 1.1938 2.3895 3.5943 4.6594 6.5807 8.3875 2 0848e+07

10.2329 11.5647
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Trong vi du md phong, cac thong s cua doan tau, théng sb tuyén duong va thoi gian
chay tau déu ¢ thé xac dinh duogc truée khi xay dung phuong an cip dién va thiét ké hé thong
cung cip dién cho tuyén. Bén canh do6 cac thong sb tdi wu chi phu thugc vao gia tri ton that
cho phép ma khong chiu rang bugc bai cac diéu kién gia dinh khéc giéng nhu cac nghién ciru
dd cong bd. Con van dé udce luong chi phi dau tu xay dung va chi phi van hanh tram néu gip
kho khin, c6 thé st dung gia dinh chi phi ndy giéng nhau trén moi vi tri, khi d6 van dé quy
hoach t6i wu vi tri tri TPK s& tro thanh van dé tim sb luong tdi thiéu TPK va phan ving cap
dién cua tung tram dé téi thiéu hoa téng ton that céng suat trén ludi tiép xc va mach héi luu
gidng nhu muyc tiéu cua cac nghién ciru trudc.

Thong qua vi du md phong, phuong phap dé xuat di cung cidp mot céi nhin hé thong
trong van dé quy hoach téi wu vi tri TPK trong cac hé théng cung cip dién giao thong db thi,
su anh huong cuaa s6 lugng va vi tri tram dién kéo dén van dé chat luong dién ning ciing nhu
chi phi dau tu va van hanh hé théng. Két qua md phong minh ching tinh kha thi va tinh linh
hoat ciia phuong phap dé xuat, qua d6 c6 thé dugc str dung 1a mot giai phép ap dung trong
giai doan 1ap ké hoach so bo ciing nhu trong giai doan thiét ké chi tiét cho hé théng giao
thong dién do thi.

4. KET LUAN

Bai bao nay trinh bay mot phuong phap méi dé giai quyét van dé quy hoach t6i vu vi tri
cac TPK trong cac hé thong giao thong dién d6 thi. Phuong phap dé xuat dya trén co s& phan
chia mo hinh phuy tai di dong ctia doan tau thanh mé hinh nhiéu phu tai ¢é dinh phan bé doc
tuyén duong, tir d6 ap dung phuong phap ILP cai tién dé xac dinh sb luong tbi thiéu TPK va
Vi tri t6i wu ctia cAc tram ciing nhur phan ving céap dién cho ting tram. Két qua mé phong da
ching minh tinh kha thi va tinh linh hoat cia phuong phap khi ap dung trong quy hoach va
xay dung hé théng cung cap dién cho cac tuyén giao thong dién do thi.
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