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TINH TOAN VA MO PHONG GIAN CACH CHAY TAU
CHO PUONG SAT PO THI

TS. NGUYEN DUY VIET

KS. TRINH VAN MY

B¢ mén Tin hiéu Giao thong

Khoa Dién — Dién tir

Trwong Dai hoc Giao thong Vin tdi

Tém tit: Gidn cdch thoi gian chay tau la mot thong sé quan trong dé diéu khién chay
tau, ddc biét doi voi hé thong dwong sdt dé thi, né anh hieéng chinh dén an toan va ndng luc
chay tau trén tuyén.

Bai bao dwa ra phuwong phap tinh toan gian cach chay tau thong qua viéc so sanh gitta
cdc phirong thire déng dwong: dong dwong cé dinh (FB-Fixed block), dong dwong cin di dong
(OB-Quasi moving block), va dong dwong di dong (MB-Moving block).

Summary: Train’s time interval is an important parametters to control train’s operation,
specially for urban rail lines. It will effect the safety and traffic capacity in the line.

The way to calculate the subway train’s time interval is proposed though the
comparision between block signaling systems: the fixed block, quasi-moving block and moving
block.

I. DAT VAN PE

Trong phuong thirc vén tai duong sit do thi hién dai, su van hanh cia doan tau co thé duoc
diéu khién dya trén gidn cach thoi gian thong qua hé théng diéu khién tin hiéu dong dudng tu
dong (dd c6 & phuong thirc van tai duong sit truyén thong). Viéc tinh toan gidn cach chay tau
chinh xac dé danh gia dugc kha ning ctia hé thong tin hiéu 14 rat quan trong. D3 c6 nhidu nghién
ctru vé van dé nay, nhung hau hét cac nghién ciru 1a cho duong sit truyén théng néi chung, mo
hinh va céc két luan cua cac nghién ctru d6 khong thich hop cho dudng sit do thi (dic biét 1a cac
tuyén di ngdm). Gian cach thoi gian giita cac doan tau duoc xac dinh bang thoi gian can thiét
cho mot doan tau phia sau di hét quang duong tir chinh né t6i doan tau phia trudc thong qua hé
théng tin hi€u, cong suét cua dong co, kha nang ham, khoang cach ham, chiéu dai cua doan tau,
thoi gian dirng, v.v. Hé thdng tin hiéu cang hién dai thi gidn cach thoi gian s& c6 kha nang nho
hon, chinh xac hon. Sau khi phan tich hé thong khdng ché tdc d6 cta duong sit d6 thi, nghién
ctru sy van hanh cta cac doan tau chay ké tiép, s& xdy dung mé hinh cua gidn cach thoi gian va
céc phuong phap tinh toan dya trén cac hé thong tin hiéu khac nhau.
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II. NOI DUNG

Su khac nhau vé dic tinh gidn cach theo thoi gian ciia cac hé thong khdng ché tdc do chay
tau.

a. Hé théng dong dwong cb dinh
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Hinh 1. Gian cach chay tau ciia déng dwong co6 dinh

Trong hé thong dong duong cb dinh truyén thong, tuyén dudng phan chia thanh cac phan
khu, chiéu dai ciia mdi phan khu phy thudc vao tbc d6 1on nhit cta doan tau, kha ning him cua
doan tau va s6 biéu thi tin higu. Tai bat cir thoi diém nao, chi duy nhat mot doan tau duoc chiém
dung mét phan khu, phan khu thuong dugc trang bi mach dién dudng ray dé phat hién sy thanh
thoét hay chiém dung cua doan tau. Hé théng dong dudng cb dinh s& lam giam ning lyc cua ca
tuyén duong. Trong hé thong dong duong 3 biéu thi, gidn cach chay tau théng thudng 1a 3 phan
khu. Gian cach duoc mo ta nhu hinh 1.

Gién cach thoi gian giira cac doan tau chay ké tiép co thé dugc tinh nhu sau:
T =3.6xL,/V=3.6xGBL,+L,)/V @))

Trong do: T, - 1a gian cach thoi gian, s; L, - 1a khoang cach giita cac tau ké can cong thém
chiéu dai ctia doan tau phia trudc, m; Lp - chi€u dai cua phan khu dong duong co6 dinh, m; Ly -
chi€u dai cia doan tau, m; ¥ - van toc trung binh ctia doan tau phia sau, km/h;

b. Hé thong déng dwong cin di dong

Heé théng phong vé qué téc 6 dung dong duong can di dong ldy myc tiéu 1a diém dimg &
phia trudc dé diéu chinh tdc d6 doan tau. Vi didu d6 hé théng phai cin cir vao khoang cach dén
muc tiéu, toe dd clia muc tiéu va cac thong sb cua chinh doan tau dé xac dinh duong cong tde do
ham tau. Pudng cong tbc do him tau nay duogce lién tuc diéu chinh cho phi hop véi tinh trang
tuyén dudng, cic yéu cau khdng ché, cac thong sd va vi tri twong quan giita hai doan tau dé thyuc
hién ham tau mot 1an ma khéng can quy dinh cép téc d6 khi ham tau cua mdi phan khu dong
duong. Muc tiéu dimg tau & phia trudc ciia phuong thirc dong dudng can di dong 1a diém dau
ctia phan khu dong duong ma doan tau chay phia trude chiém dung (duong nhién 13 phai cong
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thém khoang cach an toan can thiét). Piém doan tau chay sau bit diu him dugc cin ctr vao
khoang cach giita hai doan tau, tbc d6 ciia doan tau chay phia trudc va cac thong s cua doan
tau chay sau dé tinh toan xac dinh. Muc tiéu diém dimg 1a diém dau cta phan khu dong duong
ma doan tau chay phia trudc chiém dung, do d6 trong khoang thoi gian nhit dinh, né khong thay
d6i do doan tau chay truée dang chay trong mot phan khu dong dwdng vi thé duogc coi 1a twong
d6i cb dinh — cdn di dong; diém bt dau hdm cia doan tau chay sau dugc thay ddi tity theo cac
tham s6 ctia tuyén dudng va cua vi tri doan tau chay sau do d6 no luén thay dbi.

C6 mdt su cai tién trong diéu khién gidn cach thoi gian sir dung hé thong déng duong can
di dong hon so véi hé thong dong dudng cb dinh. D6 1a trong hé théng dong dudng can di dong,
lwong thong tin dwoc truyén di 16n hon so véi dong duong cd dinh, do d6 n6 c6 thé nang cao sy
didu khién van hanh cia doan tau véi gidn cach thoi gian ngén hon va ning cao ning luc thong
qua cua tuyén duong. Gidn cach duoc tinh toan theo cong thirc sau:

=T +T + T+ T, +T; ()
Tuong duong voi:
T, =028xV__ /b+3.6x(Ly +L+L,+L;)/V__ (3)

Trong d6: T, - 1a gidn cach thoi gian, s; Ty - thoi gian dong tac cua thiét bi hodc cua lai tau,
s; Tg - 1a thoi gian ham cua doan tau phia sau (V /b, vO1 Vi van tdc khi bat dau ham), s; Tp -
la thoi gian chay cta doan tau trong quing duong an toan Lp, s; Tt - 1a thoi gian chay cia doan
tau trong quang duong L, s; b - hé $6 ham, m/s%; Vi - van tdc 16n nhét cua doan tau, km/h; Ly
- chiéu dai cta doan tau, m; Ly - chiéu dai quing duong ma doan tau chay trong khoang thoi
gian Ty, m; Ly - chiéu dai quing duong doan tau sau chay dugc tir lac bat ddu hiam dén khi
dimng lai, m; Lg - 1a khoang cach an toan tinh tir diém ding ctia doan tau phia sau dén diém bt
d4u cia phan khu bi chiém dung cia doan tau phia trude, m; Lp - 14 quing dudng tir dudi cia
doan tau phia trugc dén diém bét dau cta phan khu bi chiém dung béi doan tau phia trude, m.

Gian cach thoi gian ti thiéu nhu duge mo ta dudi hinh 2.
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Hinh 2. Gian cach chay tau cia dong dwong cdn di dong
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c. Hé thong déng dwong di dong

Trong phuong thirc dong duong di dong, muc tiéu ham tau cua doan tau chay sau 13 diém
cubi cta doan tau chay trudc. V& nguyén tic khi tbc do doan tau vuot qua duong cong khdng
ché tbc do thi phai tién hanh ham thudng. Do khong phan chia thanh cac phan khu dong duong
¢b dinh nén khoang cach cac doan tau khong phu thude vao chidu dai cta phan khu dong duong,
khoang cach dén muc tiéu him cua doan tau chay sau chi 1a khoang cach tir tiu chay sau dén
diém cudi cia doan tau chay phia trudc, do d6 dudng cong téc d6 ham ciia doan tau chay sau
lién tuc dwgc diéu chinh cho phu hop véi te d6 cia doan tau chay phia trude va khoang cach
giita hai doan tau, nho d6 dudng cong tc d6 ham cua doan tau khong bi dot ngot thay doi nhu
sir dung phuong thirc dong dudng c¢b dinh hodc dong dudng can di dong. Khoang cach giita hai
doan tau va yéu cau khong ché toc do chi con phu thude vao tham sb cua tuyén dudng, thoi gian
dirng tau & ga va tham s ciia doan tau.

Su van hanh cia hé théng dong duong di dong dua vao cac két ndi thong tin déng hudng
lién tyc gilra cac doan tau va cac bd diéu khién duoc bd tri ¢ doc duong cling nhu diéu khién
trung tam. Viéc xac dinh vi tri cac doan tau doi hoi chinh xac hon so véi hé théng phan khu )
dinh. Trong hé théng phan khu di dong, van téc cua cac doan tau phia sau s& duoc dua ra tiy
thudc vao vi tri ciia doan tau phia trude. Hay c6 thé néi rang, gidn cach thoi gian co thé duoc
dua ra rat linh hoat tuy thudc vao sy van hanh cia doan tau. Hé théng dong duong di dong cho
phép rat ngin tdi da gidn cach chay tau. Khoang thoi gian han ché nhat xay ra khi doan tau téi
gan nha ga, khi d6 cac doan tau phia truéc phai roi di trong thoi gian doan tau phia sau chay vao
ga theo ding duong cong ham binh thuong ciia n6. Gidn cach tdi thiéu dugc chi ra nhu trong
hinh s0 3.
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Hinh 3. Gidn cach chay tau cua dong dwong di dong
Thoi gian gidn cach Ty c¢6 thé duoc phan chia thanh 4 phan:
(1) T,: khoang thoi gian ma doan tau phia trudc chay ra khoi khu vue phong vé Lg; s;
(2) Tx: khoang thoi gian dong tac (phan ing) cia thiét bi hodc cia lai tau; s;

(3) Tg: khoang thoi gian him cua doan tau phia sau (V, /b, véi V, 14 vén tdc ban dau trude
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khi ham), s;
(4) Tp: Khoang thoi gian doan tau phia sau dung tai ga, s.
Gian cach tbi thiéu duoc tinh nhu sau:

T, =T, +V,/b+T, +T, 4

(a) Néu V,>.2a(L, +Lg) thi L, +L (=0.5aT?, diéu d6 c6 nghia 1a doan tau phia

trude da di chuyén mot quang dudng L tir nha ga véi gia toc a, do do:

T, =2(L, +L)/a

(b) Néu V, </2a(L; +Lg), thi: (L, +Lg) =V} /2a+ (T, x V,/a), diéu d6 c6 nghia la

doan tau phia trude chuyén dong dén van toc V, véi gia toc a, sau d6 chuyén dong déu véi van
téc Vi, do d6 tong quang duong di duge ciia doan tau phia trude 1a Le+Ly , ta co:

T, =[2a(L; +Ly) +V;']/2aV,

Do d6 gian cach chay tau trong dong duong di ddng duogc tinh theo:

T,=Ty+V,/b+T,+2(L; +Ls)/a khi V, >2/2a(L, + Ly) (5-1)

T, =T, +V,/b+T, +[2a(L, + Lg)+V;’1/2aV, khi V; < \2a(L, + L) (5-2)

Trén day ching ta da dua ra cong thuc tinh toan thoi gian gidn cach chay tau Gng vdi ba
phuong thirc dong dudng: dong dudng cb dinh, dong duong can di dong, dong duong di dong.
Ta thiy ring, ung v6i mdi 1y thuyét dam bao an toan chay tau, ta s& xac dinh dugc mot cong
thirc dé tinh gidn cach an toan. Trong d6 chung ta dic biét luu y dén hai phuong thic: dong
duong cén di dong va dong duong di dong vi hai phuong thirc dong duong nay dac biét co hiéu
qua ddi véi chay tau cho duong sdt d6 thi, mat do 1on. Thém vao d6 nd con khic phuc dugc
nhuoc diém cua déng dudng cb dinh, cho phép khéng ché tbe d6 chay tau mot cach mém déo
lién tuc thay cho phuong thirc khdng ché kiéu bac thang truyén thdng. Vi viy, trong phin sau
chi tap trung vao mod phong va phéan tich cho hai phuong thitc dong dudng nay.

Mo phéng va phéan tich

Theo cac suy luan ¢ trén, sau day s€ thuc hién mo phong gian cach chay tau theo phuong
thuc dong duong can di dong, theo cong thuc (4) va dong duong di dong, theo cong thire (5-1)
va (5-2). Véi gia thiét cac thong sé dau vao dwoc xac dinh nhu sau: chidu dai cia doan tau:
Lt=120m, chiéu dai cta khu vuc phong vé&: Ls=60m, hé ) gia tbc: a=1m/s’, hé sb ham:
b=0.9m/s’, thoi gian dong tac: Tr=1s, thoi gian tau dung tai ga: Tp=30s, chiéu dai cua mach
dién phat hién tau tdi thiéu: Loy,

Tz tai Lmin 1a 50m va 80m dbi voi dong duong di dong va dong duong can di dong duoc
tinh toan cu thé. Két qua m6 phong dugc thé hién nhu hinh s6 4 va sd 5. Hinh s6 4 thé hién su
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khac nhau ctia gidn cach chay tau cia hé thong dong duong di dong va dong dudng can di dong.
Hinh sb 5 thé hién sy khac nhau cua dic tinh gidn cach chay tau cta dong duong cén di dong

khi L, thay doi.
105 ——— : . . : : 0= . . : : T
* o
= ———— Béng dubng dil dong IF = —————  Dong dubing cAn di dong, gian cach L = 50
100 SR b '
= - = = Bong dubng can di dong, gian céch Lirin= 50 '_J;ff 25F o - Dong dubng can di dong, gidn cach Lrin = 80
A — — — Bbng dubng can di G9ng, gian céch Linn=80 ral
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Hinh 4. Su khdc nhau vé,ddc tinh gian cach chay  Hinh 5. Su khdc nhqu veé ddc tinh gian cdc,h chay
tau cia hé thong MB va OB tau cua hé thong OB khi L,,;, thay doi

Qua d6 ta c6 thé rat ra két luan nhu sau:

(1) Gian cach chay tau ctia dong duong di dong thay d6i vOi Vi, va khong c6 mdi quan
hé voi Ly, gia tri tdi uu T,=65.058 dat dugc tai V,,=38.05;

(2) Gidn cach chay tau cia dong duong can di dong thay ddi v6i Ly, khi van toc Ve, duoc
¢b dinh, gidn cach chay tau ting khi L., ting, m6i quan hé nay dugc thé hién nhu trong bang s6
1 va bang s6 2.

Bang 1. So sanh gian cach chay tau
ctia QB va MB tai vin toc V,=V,=V,x=40km/h

Lnin Dong duong di dong Pong duong cén di dong Chénh léch
50 65.101 75.928 10.827
80 65.101 79.528 14.427
150 65.101 98.425 33.327

Bing 2. So sanh gidn cdch chay tau cia OB
va MB tai van toc V,=V,= V.. = 80km/h

Lo Pong duong di dong Pong duong can di dong Chénh léch
50 74.665 79.319 4.654
80 74.665 82.919 8.254
150 74.665 88.319 13.654

(3) Do léch vé gidn cach chay tau cua hé théng dong duong di dong va hé thong dong
dudng can di dong s& ting khi ting Loy, khi van tbc nhu nhau thi gidn cich chay tau trong dong
duong di dong ngin hon so véi trong dong duong can di dong;
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(4) Néu giir gia tri Ly, khong thay doi, gidn cach chay tau giira hai hé thong tuong duong
nhau khi ting gié tri cia V . nhu duoc thé hién trong bang sb 3 va s6 4.

Bing 3. So sanh gian cach chay tau cia OB
va MB khi van toc thay doi tai L,,;, = 50m

V max Pong duong di dong | Bong dudng can di dong Chénh Iéch
40 65.101 75.928 10.827
80 74.665 79.319 4.654

Bang 4. So sanh gian cach chay tau
cua OB va MB khi van toc thay doi tai L,,;, = 150m

Vinax Pong duong di dong Pong duong can di dong Chénh I1éch
40 65.101 98.428 33.327
80 74.665 88.319 13.654
1. KET LUAN

Phuong thuc dé tinh toan gidn cach chay tau cia cac hé théng tin hiéu khac nhau cho
duong sit d6 thi duge phén tich va mé phong bang Matlab. Viée tinh dwoc cac gidn cach chay
tau phu thudc van tde va céc yéu td khac s& lam co s& cho hé théng diéu khién chay tau, no6 sé
quyét dinh viéc lua chon loai hinh hé théng, quyét dinh dén an toan va nang lyc thong qua cla
ca tuyén duong.

Trong t6 chirc chay tau thyc té con co rat nhidu cac tic dong bét dinh co thé anh hudng
gidn cach chay tau, do d6 anh huéng dén hoat dong diéu khién chay tau. Py ciing 1 nhiém vu
can nghién ctru tiép tuc.
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