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Abstract. This paper presents a new algorithm to estimate the recovery of energy from the
train braking based on the power balance model of a power network. The proposed
algorithm utilizes the Newton-Raphson algorithm to solve the problem of retraining the
voltage constraint of contact line according to the power balance law in the power network,
thereby determining the total of generative energy that can be recycled. A simulated model,
which refers to the data of the Cat Linh — Ha Dong railway system is set up for testing and
evaluating the effect of the proposed approach. The simulated results showed that the
proposed algorithm is feasible and effective.
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Tom tat. Bai bao trinh bay mot thuat toan ude lwong ning luong tai sinh c6 kha ning thu
hoi duoc tai vi tri tram dién kéo dya trén md hinh cong suat mach dién. Thuat toan dé xuat
dua trén luat can bang cbng suit cia mach dién, sir dung phuong phap lap Newton-
Raphson dé xac dinh nang luong tai sinh co khd nang thu hoi dugc trong diéu kién duy tri
cho dién ap trén ludi tiép xac khong vuot qua gia tri cho phép. Cac ket qua udce lugng trong
m6 hinh md phong mot tuyén duong sit giao thong do thi duwa trén s6 liéu tuyén duong va
thdng s doan tau tuyén Cét Linh — Ha Dong minh hoa cho tinh kha thi va tinh hiéu qua cua
thuat toan dé xuat.

Tur khéa: nang lugng thu hoi, hdm tai sinh, md hinh mang dién kéo, giao thong dién duong
sat d6 thi, thuat toan udc lugng nang luong.

© 2020 Truong Dai hoc Giao thong vdn tai

1. PAT VAN DE

Hleu qua nang luong dang 1 van de rat duoc quan tam trong hé thong giao théng dién
duong sat. Nhiing nghlen ctru da chi ra rang 40% nang luong cip cho doan tau c6 kha ning
duoc tra lai ludi tiép xdc trong ché d6 hdm dimg doan tau [1]. Hién tai hau hét cac Tram Pién
Kéo (TPK) cua cac hé thdng cung cap dién giao thdng d6 thi déu st dung céc bd chinh luu
diode cung cap dong dién mot chiéu cho cac doan tau théng qua ludi tiép xtc. Khi cac doan
tau giam tdc cac dong co s& 1am viéc nhu cac may phat va phat ra ning luong dién. Nang
luong nay goi 1a ning luong ham téi sinh, c6 thé cap tro lai ludi tiép xuc va dugc sir dung boi
cac doan tau khéac trong cuing khu doan. Néu nhu khong c6 doan tau khac hip thy ning lugng
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nay hoic ning lugng du thira khong duoc hap thu hét thi s& 1am dién ap luéi tiép xuc ting lén.
Tuy nhién, trong diéu kién van hanh an toan, dién ap ludi tiép xuc khong duoc ting vuot qua
gia trj cho phép cho nén can phai c6 céc bién phép tiéu tan hoac thu hdi luong nang luong du
thira. C6 nhiéu giai phap da timg dugc dé xuat va ap dung dé xir Iy ngudn ning luong du thura
nay nhu xay dung téi vu cung duong chay tau két hop str dung dién trg trén tau dé tiéu tan
ning luong; ciing c6 thé sir dung thiét bi thu hdi va luu trir nidng luong trén tau hozc 1a bd tri
thiét bi luu trit va thu hdi tai cac TDK. Ngoai ra, str dung cac b nghich luu tra ning luong du
thira v& ludi trung &p ciing 1a mot giai phap duoc ap dung [2].

Dé danh gia va lya chon duoc giai phap phu hop, trude hét van dé can thiét 1a phai xac
dinh duoc lugng ning lwong tai sinh ¢6 kha ning thu hdi dugc hoic can phai tiéu tan. Va dé
xac dinh duge luong ndng lugng du thira nay, ¢6 hai phuong phap wdce lugng va do luong
duogc sir dung phd bién d6 1a phuong phap thuc nghiém va phuong phap mo phong [3]. Thu
nhat 1a phu()’ng phap thuc nghiém, thiét bi do duoc Iap trén timg doan tau. Trong ché d tai
sinh, khi dién &p can tiép xtic ting téi gia tri cho phép, dién tré him duoc dua vao dé tiéu tan
nang luong du thira trén doan tau. Luc nay thiét bj do s& thyc hién tinh toan va luu trit gia tri
nang lugng da tiéu tan trén dién tré hdm. Mot phuong thie tién hanh khéc 13 hé thdng thiét bi
do ciing co6 thé duogc thuc hién tai cac tram dién kéo [4]. Phuong phap thuc nghiém co thé xac
dinh mot cach chinh xac lugng ning luong cd kha niang thu hdi tai cac diém do, tuy nhién yéu
cau phai trang bi va trién khai hé thong thiét bj do, thiét bi thu héi hodc hap thu nang lugng du
thira. Bén canh d6 khau thuc hién do va khau xt ly s liéu cing can quan tdm xem xét. Do
vay phuong phap thuc nghiém khong dé& dang dé c6 kha nang thuc hién duoc [3].

Phuong phap mé phong dugc st dung phd bién trong céc nghién ciu. M6 phong may
tinh hién 1a mot cong cu hiéu qua da kha nang thuc hién mé hinh hoa dé kiém chung cho cac
thiét ké méi hoac cai tién nhitng hé thong da co; do vay mot md hinh md phéng chinh xéac va
tin cay s& co tinh quyét dinh toi hiéu qua cua phuong phap md phong. Trong hé thdng giao
thong dién duong sat, thu tuc mé phong thuong dya vao viéc tinh toan dong cong suat khi cac
doan tau dugc md hinh hoa 1a mot nguon dong dién hoic mot ngudn dién &p. Hau hét cac tng
dung déu dya trén viéc phan tich dong cong suat trén mang dién cua hé thdng, va md hinh hé
thong thuong dugc chia 1am hai phan: thir nhét 1a md hinh chuyén dong ciia doan tau; va thi
hai la mo hinh mang dién [5, 6]. Tuy nhién, cau hinh ‘Mang dién cua hé théng duodng sat 1a
thay doi tly theo sy di chuyén cua doan tau, su thay doi céc thong sé mang di¢n va tinh Chat
phi tuyén tao nén nhiéu kho khin trong viéc mé hinh hoa chinh xac dbi twong ciing nhu van
dé phan tich dong cong suat trén mang dién duong st.

Bassam Mohamed [7] d& xuat phuong phap cai tién coi cac tram dién kéo va cac doan
tau 1a cac ngudn dong dién, trong d6 cac tram dién kéo dugc mo hinh 1a cac ngudn c6 kha
nang thu hdi dugc dong dién tai sinh. Ning luong tai sinh duoc tinh dua trén gia tri dong dién
tai sinh thu hoéi duoc tir TPK. Sir dung md hinh nguon dong gidp cho mach dién tré thanh
tuyén tinh, viéc giai mach dién tro nén dé dang va nhanh; tuy nhién do chinh xac s& phu thudc
vao gi4 tri dong dién cua TPK ciing nhu cta cac doan tau trong tirng thoi diém van hanh.

Rabih A. Jabr [8] ciing st dung mo hinh nguén dong dé md phong tinh toan dong cong
suat cho mach dién duong sat voi 144 doan tau. Trong phuong phap nay, tram dién keo dugc
moé phong bang hai nguon 1am viéc luan phlen Nguon dién ap cap cho nang lugng cho cac
doan tau tiéu thu, khi ning luong trén mang tiép xac du thira, ngudn dién ap duoc ngat khoi
mang va chuyén sang nguon dong thu hdi dong dién téi sinh tir ludi tiép xuc. Ning luong tai
sinh cling duoc tinh dwa vao dong dién tai sinh thu hoi dugc tai cac TDK.

Thanatchai Kulworawanichpong [9] ap dung mo h|nh nguon dong dé mo ta cho cac
doan tau trén toan khu doan, TDK dugc mo ta bang ngudn dong dién két hop voi mot diode

mac ndi tiép. Trong nghién ciru cua Kulworawanichpong, ngoai viéc tinh toan dong cong suit
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trén ludi tiép xtc trén khu doan trong cac thoi diém van hanh, tac gia con tap trung cai tién
ma tran Jacobian dé nang cao hiéu qua tinh toan va thoi gian hoi tu cua thuat toan Newton-
Raphson. Tuy nhién, gié tri dién tro ciia phan doan ludi tiép xtc ciing nhu cua duong ray gitra
cac doan tau va gilta doan tau v6i TDK sé thay doi theo vi tri twong quan di chuyén cua cac
doan tau, 12 yéu té ¢ anh huong téi d6 chinh xéc trong tinh todn cia mé hinh thi chwa dwoc
dé cap trong bai bao nay. Tiép tuc phat trién va cai tién md hinh trong [9], Hammad Alnuman
va cac cong su [10] bo sung thém tinh ning ude lugng gia tri dién tré trén ludi tiép xtc va
duong ray twong ng véi vi tri twong quan giita cac doan tau ¢ ting thoi diém di chuyén;
dong thoi thay thé md hinh ngudn dong bang md hinh ngudn ap cho cac TDK. Trong mé hinh
nay, nang luong tai sinh CO kha ning thu hoi dugc mod phong va xac dinh trén dién tro ham
mac song song véi cac ngudn dong dién, cac ngudn dong dién nay chinh 1a cac doan tau.

bé nang cao d6 chinh xéc trong wdc lugng nang luong tai sinh tir doan tau, cac tac gia
[11, 12] cai tién mo hinh dong hoc cua doan tau tir dong co truyén dong va hop giam téc, mo
hinh hoa chi tiét tram dién kéo, dong thoi c6 bd sung thém md hinh nhan dang théng sé dién
trg ctia mang tiép xuc va duong ray khi cac doan tau di chuyén.

Cac nghién ctru trude hau hét déu s dung phuong phép can bang dong dién tai cac dinh
(4p dung theo dinh luat Kirchhoff 1) d& phan tich mé hinh mach dién dwong sat véi gia dinh
coi TPK 1a cic ngudn dong dién hoiac ngudn dién ap, con cac doan tau 1a cac ngudn dong
dién. Trong dang mé hinh nay, gia tri dong dién cua doan tau can duoc tinh todn va ude lugng
tai ting thoi diém di chuyén voi cac thong sb cu thé cua dic tinh dau may, dong co truyén
dong, profile tuyén duong va profile téc 6. Do d6 phuong phap nay c6 do chinh xac cao
nhung d6 phuc tap va khéi luong tinh toan 16n.

Str dung ky thuat mé phong, bai bao nay dé xuat mot thuat toan ude luong dya trén md
hinh tinh todn c&n bang cbng suat cia mach dién. Trong md hinh mach dién hé théng cung
cap dién tir TDK t6i cac doan tau, TDK dugc md hinh héa Ia tram cung cap cong suat c¢é kha
nang diéu chinh dugc, con cac doan tau sé& dugc mo hinh 14 cac tram tiéu thy cong suat hozc
la tram cung cap cong suét tly theo ché do 1am viéc cua doan tau 1a ché do kéo hay ché do
ham. Khi dé, gia tri cong suit cac TPK tu dong diéu chinh, con cong suat cia doan tau dugc
udc luogng theo cdng thic gan dung cua Davis dwa vao cac hang sé thuc nghiém, trong tai
doan tau, profile tbc do va profile tuyén duong. Mang tiép xtc va dudng ray duoc md ta bang
cac dién tro co tri s6 bién thién tiy theo vi tri twong quan gitta TPK voi cac doan tau va giira
cac doan tau. Thuat toan wdc lugng duoc phan thanh 3 giai doan: giai doan thir nhit s& thyuc
hién udc lugng gia tri cdng sut cua timg doan tau tai cac vi tri twong Gng trong khu doan theo
cong thic tinh tra lyc co ban caa doan tau duge d& xuat boi Davis; sang giai doan thir 2, dién
ap ludi tiép xUc tai cac diém TPK va cac doan tau dugc wdc lugng dua trén thuat toan lip
Newton-Raphson. Giai doan 3 xac dinh cong suat thu hoi tai TDK dé dam bao duy tri diéu
kién gigi han dién ap cho phép trén ludi tiép xtic trong toan khu doan. Két thlic giai doan 3,
téng nang lugng tai sinh c6 kha nang thu hoi tai TDK s& duoc xac dinh. Phuong phap dé xuat
dugc kiém nghiém trén mot hé théng md phong dua trén sé liéu co ban caa tuyén Cat Linh-
Ha Dong.

2. MO HINH MANG CONG SUAT

Hé thdng cung cép dién giao thdng mot chidu co ban chia thanh 4 bo phan: thir nhat 1a
tram dién kéo; thu hai va thtr ba twong tng 1a ludi tiép xdc (ray tiép x(c) va phu tai doan tau;
cudi cung 1a ray chay tau va duong day hoi luu dong dién. Chu trinh dong dién bat dau tir
TPK (di duoc chinh luu) dan qua mang tiép xdc téi doan tau tiéu thu. Thong qua dudng ray
va duong hoi luu dong dién s& quay vé TPK khép kin chu trinh cua dong dién. Trén quan
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diém mé hinh mach dién, TBK dugc mo ta bang nguon cung cap mot chiéu; doan tau duoc
mé ta bang mot nguon dong co gia tri bién d6i; con ludi tiép xuc va duong ray dugc mo ta
bang cac dién tré phan bd. Mot cach tong quan md hinh mach mé ta mot phan doan cap dién
sé dugc minh hoa nhu Hinh 1.

Ray phai bién tro ludi tx + ray

1} ® | — | —
I I

| S| | S|
Ray tréi
ay trai Rng
Tau Tau Tau Tau
TbK
9. 9.

Hinh 1. M& hinh mach mét phan doan cép dién cia TDK.
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Hinh 2. M6 hinh mang c6ng suat mot khu doan

Phu tai doan tau 1a dang phu tai di chuyén, gia tri dong dién doan tau tiéu thy s& phu
thudc vao ché do van hanh va vi tri doc tuyén duong, gia tri nay khéng dé dé co thé xac dinh
duoc chinh xéac, ddn dén viéc phan tich mach gap nhiéu kho khan. Tuy nhién, trong mot thoi
diém cu thé khi biét ché do 1am viéc va vi tri ciia doan tau, gia tri cong suat cua doan tau c6
kha ning xac dinh dugc, tir d6 cac thong sé trén mang cong sut ciing c6 kha nang tinh duoc.
Do viy, dé thuan loi hon cho viéc phan tich, trong bai bao nay, md hinh mach s& dwoc chuyén
héa sang mo hinh mang cong suit nhu minh hoa trén Hinh 2. Trong md hinh mang c6ng suat,
cac doan tau 13 cac tram tiéu thu céng suat, chung duoc phan loai la kiéu tram phu tai véi
thong s xac dinh 1a cong suit P. Bi voi TPK, s& dong vai tro 1a tram phét cong suét duoc
m6 phong thanh kiéu tram ngudn véi thdng sé xac dinh 1a dién 4p. Cong suat TPK s& tu dong
diéu chinh tiy theo mic do tidu thu cua phu tai trén mang dién. Khi trong mang dién xuat
hién cong suat du thira, TDK sé& chuyén sang ché d6 thu hdi ning lwong dé can bang cong suit
trén toan mang dién.
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3. THUAT TOAN UOC LUQONG NANG LUQNG THU HOI TAI TPK

Naéng lugng c6 kha nang thu hoi duoc 1a lwong cdng suét du thira 1am ting gia tri dién
ap trén ludi tiép xuc vuot quéa gia tri cho phép. Gié tri dién ap cho phép thong thuong duoc
xac dinh la gia tri dién &p cia TPK khi khong tai cong véi mot luong du trir dé khong xay ra
truong hop dong dién tir may bién ap ctia TPK qua chinh luu cap thang vao thiét bi thu hdi
hoidc cip nguoc tré lai ludi trung ap. Trong bai bao nay, gia tri cong suat du thira duoc xac
dinh dya vao thuat toan 1ap Newton-Raphson dé dat duoc muc tiéu duy tri dién ap luéi tiép
XUc tai cac tram khong vuot qua gié tri dién ap cho phép. Trinh tu cua thuat toan udce luong
nang luong thu hdi tai TBK duogc thuc hién theo cac budce nhu sau:

Buwéc 1: Nhap s lidu cac thong sb cua doan tau, profile tuyén duong, profile tbe do
chay tau trong khu doan.

S lieu can thiét dé wdc lugng va tinh todn cdng suit doan tau tai ting vi tri trén tuyén
duong bao gom cac théng sé vé tong khdi lugng doan tau va hanh khach, profile téc d6 chay
tau giira cac ga trong khu doan, va profile tuyén duong bao gém chiéu dai 1y trinh, do déc,
ban kinh cong.

Buwéc 2: Tinh gia tri cdng suat ciia doan tau tai tirng vi tri trén tuyén duong.

Gia tri cong suat cua doan tau duoc tinh toan dwa vao cong thic gan dung tinh tré luc
co ban ciia doan tau dugc dé xuat boi Davis nhur minh hoa ¢ cong thuc (1):

P.(s) =(a+b*v(s) +c*V?(s) + F, + F, +acc*m,)*v(s) @

trong do:

Py 12 cOng suit cta doan tau tai ting vi tri s doc tuyén duong;

Fe=a-+b*v+c*v? 13 tré luc co ban co ban cia doan tau theo cong thic thyc nghiém cua
Davis, véi cac hing sb a, b, ¢ dugc wdc lwgng theo loai doan tau;

v(s) 1 téc d6 doan tau twong wng tai vi tri s trén tuyén duong;

F. la lyc can gay ra do do dbc, duogc ude lugng theo cong thuc (2):

Fa z_mtr*g*a (2)

v6i my 14 khéi lugng doan tau, g 1a gia toc trong truong, va o 1a do doc tinh theo phan
nghin.

Fr 1a luc can do d6 cong cia cung duong gay ra, dugc ude lugng theo cong thuc cua
Rockle [13]:

65005 R > 350m

15300

F. = ,250m < R <350m

* T R-35 ®)
50000 R < 250m

Facc = acc*my 12 lyc can thiét dé gia toc doan tau voi gia toc bang acc.

Burgc 3: Xay dung mang cdng suat va tinh cac thdng so trong mang cong SUAt.

Tuong ung Vvoi mdi thoi diém, vi tri va sé luong doan tau van hanh trong khu doan la
khong giéng nhau, tir d6 hinh thanh cac mang cong suat la khdng giéng nhau. Tuy nhién ché
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d6 van hanh 1a c6 tinh chu ky, khi da biét chiéu dai cua khu doan, thoi gian chay tau gitra cac
ga, va gidn cach nho nhit (headway), thi s& xac dinh duoc s6 luong va vi tri cu thé cua céc
doan tau trong khu doan tai ting thoi diém, va khi d6 chu ky phan bd cong suat trén ludi dugc
xac dinh bang chinh khoang thoi gian gidn cach chay tau. Trong bai bao nay, s mang cong
suat duoc hinh thanh chinh bang gia tri gidn cach chay tau, twong ung véi khoang céch giira
hai thoi diém tinh 1a 1 gidy. Gia tri cong suat cua ting doan tau trong khu doan tai tung thoi
diém t dugc tinh nhu mé ta trong cdng thac (4).

P(i,t) = P, ((i —1) * headway +t) 4)

trong do, i = 1,..,ny VGi Ny 12 s doan tau trong khu doan; vat = 1,.., headway.

Sau khi xac dinh duogc sé luong va vi tri cu thé cua cac doan tau tai thoi diém tinh, gia
tri dién tro cua ludi tiép xtc va duong ray tir doan tau téi TPK ciing nhu giita cac doan tau
véi nhau c6 thé xac dinh duoc theo cong thic (5).

R172 = Ro*|X1_X2|

Rz = Ryg + Ry *[X — X, ©)

sst—2 sst

trong d6, Ry 1a dién tré cua ludi tiép xc (LTX) va ray tinh trén 1 km; con x; va X, tuong
g 1a vi tri cia hai tram cong suat lién ké. Truong hop tram cong suat 1a TPK tuong Gng Vi
Vi tri Xs¢t thi dugc bo sung thém Ry 1a dién tro ciia day dan ndi tir may bién ap téi LTX.

Buwéc 4: Udc luong cong suét tai sinh cd kha nang thu hdi tai TPK tai ting thoi diém
tinh trong chu ky thoi gian gi&in cach nho nhat.

Trong budc nay, tai mdi thoi diém cdng suét cia cac doan tau duge xac dinh, gia tri
dién ap trén ludi tiép xuc duoc tién hanh udc luong theo thuat toan Newton-Raphson, dong
thoi gia tri cong suét tai cac TPK ciing duoc xac dinh. Bé dam bao dién ap ludi tiép xuc duoc
duy tri trong diéu kién lam viéc cho phép, trong mdi budc xét diéu kién dién &p 16n hon gia tri
cho phép (V_gp), gid tri dién ap TPK (V_gup) dugc diéu chinh giam di V_dv =5 (V).

Bwéc 5: Tinh gia tri nang lwong thu hdi dugc tai mdi TPK trong khoang thoi gian chu
Ky gidn cach chay tau téi thiéu.

Trong budc 4, gia tri cdng suat thu hdi trong tiing thoi diém da xac dinh dugc. Do vay,
téng gid tri nang luong c6 kha ning thu héi duge trong khoang thoi gian headway duoc tinh 1a
binh phuong quan phwong tong gié tri cong suat thu hoi cua tit ca cac thoi diém trong khoang
thoi gian d6. Trong khoang thoi gian van hanh mot ngay la Ty, (gio) thi tong ning luong c6
kha nang thu hdi s& dugc tinh todn nhu cong thuc (6).

headway

Z P reg( )
*T, (KWhingay) ©

headway
Trinh ty thuc hién cu thé cua giai phap dé xuat duoc md ta theo luu do thuat toan trén Hinh 3:
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Y

Nhiap céc thong sé doan tau, profile tuyén dudng
khu doan, profile toc d§ doan tau trong khu doan

Y
Tinh cong suét cia doan tau tai ting vi tri trén
tuyén duong theo cong thirc ctua Davis

»
Y
X4y dung mang cong suit trong khu doan theo méd
hinh xdy dung nhu hinh 2 tai thoi di€ém tinh toan t

v

t=t+1 Tinh céc thong sé mach (dién tré cac nhanh) twong
ung voi mo hinh mang cong suat
A
gL
)
A 4 no

Ul lugng dién ap trén ludi tiép xtc va cong suét
tai cac tram theo thut toan Newton-Raphson

v

Tinh gié tri dién 4p 16n nhét trén ludi tiép xuc

(V_max)
yes
V_max >V_cp
Y
no | V_sub=V_sub-V_dv
Tinh cong suit thu hdi cua céc TDK (P_reg) tai
thoi diém t Y

Cap nhat di¢n ap tai cac TDK
(V_sub)

yes

/ Hién thi ning lwong tai sinh thu hdi duoc tai cic TDK /

Hinh 3. Luu d6 thuat toan uée luong ning lwong téi sinh tai cac TDK

4. KET QUA MO PHONG

Dé kiém nghiém thuat toan dé xuat, mot mo hinh doan tau dugc xay dung dya theo s6
liéu cua tuyén duong sat Cat Linh-Ha Pong, st dung tham khao trong tai liéu dy &n Cét Linh-
Ha Pong [14]. Cac théng so co ban cua doan tau duoc liét ké trong Bang 1. Bang 2 tong két
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thoi gian chay tau va khoang céch gitra cac ga. Profile tuyén duong st dung trong md hinh
mo phong dugc mo ta nhu trén Hinh 4. ,
Bang 1. Thdng s6 co ban cta doan tau va tuyén duong.

Théng sb Pon vi Gia tri
Dién 4p dinh muc ludi tiép xuc Vv 750
Dién ap ludi tiep xdc khi khong tai Vv 795
Tong khoi luong doan tau va hanh khach Tan 150

Gidn cach nho nhat Giay 80-220

bién tro don vi ctia LTX va ray (Ro) Q/km 0.0625
Dién tror cap nguon tir MBA t6i LTX (Ryg) Q 0.01

Vi tri dat cac TDK: Ga C. Linh, Ga Lang, Ga P. Khoang, Ga H. Bong, Ga Y. Nghia

Bang 2. Thoi gian chay tau gitra cic ga trén khu doan Cat Linh - Lang.

T ga DPén 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.Dbong 1110 84
Lang T. Pinh 1249 103 H.Dong V.Quén 1323 97
T. Pinh V. bai 3 1009 79 V.Quéan P.Khoang 1122 85
V. bai 3 P.Khoang 1480 104 P.Khoang  V.Dbai3 1480 106
P.Khoang V.Quéan 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 /
L5 RN R |
\'G'/l Ls-158 \EZ( Ls-172
Iﬁzggbzoo ,—E‘j&%\ Iﬁ:é?;@;leg /%'370—\ RAY PHAI
\ma/z Ls-158 \F73/ Ls-173
KO 1 2 3 4 5 6 7 8 9 K1
| | | | | | | | | | |

Hinh 4. Profile tuyén duong doan Ga Céat Linh — Ga La Thanh

Trong bai béo nay, gia dinh rang bé qua yéu té do doc cua dudng dé tinh toan kha ning
I6n nhat c6 kha niang thu hdi nang lugng tai sinh. Do khong c6 dugc s6 ligu duong cong toc
d6 nén céc tac gia dua vao céc thdng s doan tau, thong sb tuyen duong, vi tri gigi han téc do
va thoi gian chay tau gitta cac ga aé xay dung duong cong téc do chay tau theo dang nhu
Hinh 5. Véi gia dinh toc do tai cac diém chuyén da xac dinh, dya trén tiéu chi toi vu ning
lwong van hanh, nhém tac gia p dung thuat todn quy hoach tuyén tinh (LP) dé tim duogc gia
tri toi wu cta cac tham sé gia toc (ay, ay, as), thoi gian va do dai cac phan doan trong quang
duong di chuyén giira cac ga. Két qua udc luong duoc liét ké minh hoa trén Bang 3.
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Téc do
A
Vh Von
Vh Von
V a, % Vi
777777777 on a3
% & a, a;
a
Ih(‘yi gian
C. Linh La Thanh Thai Ha Lang !
Hinh 5. D4 thi téc do doan tau trong khu doan C. Linh - Lang
Bang 3. Thong sé di chuyén doan tau giira cac ga
Thong s6 C.Linh- L.Thanh— T.Ha-Lang Lang- T.Ha-L. L. Thanh —
L. Thanh T.Ha T.Ha Thanh C. Linh

Von (M/S) 10 18.3 17.4 17.7 17.7 17.7

v (M/S) 18.8 17.2 13.8 18.8 16.6 15
a; (M/s?) 0.83 0.50 0.61 0.83 0.49 0.50
a, (M/s?) 0.28 -0.05 -0.08 0.04 -0.05 -0.09
az (M/s?) -0.42 -0.83 -0.83 -0.51 -0.83 -0.83
tehay aa (S) 36.82 28.34 30.83 21.24 35.97 35.70
tna roi (S) 20.54 46.10 55.61 29.88 23.11 29.30

tham (S) 20.64 16.56 16.56 36.88 19.92 18.00
Schay da (M) 336.89 246.54 268.22 187.97 318.34 315.94
Stha trai (M) 364.60 719.20 867.51 545.40 396.32 479.05
Sham (M) 177.50 114.26 114.26 346.63 165.34 135.00

Cong suét doan tau (KW)

Dua trén cac két qua udc lugng trong Bang 3, cdng suit doan tau phan bd trén ting
diém cua tuyén dudng duoc tinh theo cdng thuc (1), trong d6 cac hé sb thuc nghiém trong
cong thirc ctia Davis duoc tham khao trong tai liéu [15]. Hinh 6 md ta phan b céng suat doan
tau tai timg diém di chuyén theo huéng Cét Linh — Yén Nghia.

200 |

100

-100

T

-200 -

-300

T

| |

T

N

| 1

| |

C.Linh 0.

93

1.81

Lang 4.14

5.15

P. Khoang

7.5

Vi tri doc tuyén duong (km)

H. boéng 10.18

Hinh 6. Cong suat doan tau di chuyén huéng C. Linh — Y. Nghia
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Sau khi gi4 tri céng suat cua doan tau tai ting vi tri duoc xac dinh, voi gidn cach nho
nhét dit truede, quéa trinh md phong wée luong cdng suét tai cac TPK duoc tién hanh thyc hién
theo thuat toan da dé xuat. Hinh 7 md ta cong suat cia cac TPK tai ting thoi diém tng voi
gian cach chay tau nho nhat (headway) 12 180 (s). Thoi diém t=0 dugc tinh 14 thoi diém doan
tau bat dau roi ga Cat Linh. Tt Hinh 7 ¢6 thé nhan thay rang ché do tai caa cac TPK tai tirng
thoi diém kha twong ddng mac du gia tri do 16n tai khac nhau. Tuy vay van c6 mot sb thoi
diém TPK nay lam viéc ¢ ché do cung cap cong sut cho tai thi TDK khac lai 1am viéc & ché
d6 thu hdi nang luong nhu thoi diém tir gidy 48 dén gidy 62.

t TDK Lang (KW)

ong sua

C

b &
S 2O
oS O

20 40 60 80 100 120 140 160 180
Thoi diém tinh trong chu ky Headway=180 (gidy)

I I T I

— N W
S O O
oS O O

b B
(=]
oS o O

[o%)
S
S

| | | | | | | 1

20 40 60 80 100 120 140 160 180
Thoi diém tinh trong chu ky Headway=180 (giay)

Cong suat TDK P. Khoang (KW

(KW)

ong
o
[}
[}

At TPK H. D

ong sua
e
(=]
S

A

&
%)
S
S

20 40 60 80 100 120 140 160 180
Thoi diém tinh trong chu ky Headway=180 (giay)

Hinh 7. Céng suat TPK tirng thoi diém trong chu ky Headway
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Tong niang luong tai sinh ¢ kha nang thu hoi tai cac TPK tir d6 ciing tinh dugc theo
cong thirc (6) vai thoi gian 1am viéc 16 gio trong mot ngay. Két qua woce luong trén ting tram
nhu minh hoa trén Hinh 8.

Ning luong du thira ciing phu thudc nhiéu vao ché d6 van hanh, ¢ thoi diém cao diém,
s6 lugng cip tau dwa vao van hanh s& 16n hon, twong Gng gidn cach nho nhat s& nho di. Thuat
toan dé xuat c6 kha nang thyc hién duoc qua trinh ude luong nang lugng thu hdi véi nhitng
gidn cach nho nhat bat ky. Bang 4 minh hoa cac két qua tinh toan tong nang lugng c6 kha
nang thu hoi tai cdc TPK trong thoi gian mot ngay &p dung thuat toan dé xuét twong (g Vi
cac gian cach nho nhat khac nhau. Thoi diém nang luong thu hdi 16n khi c6 nhiéu doan tau
cuing ham. Néu gidn céach chay tau twong ddng véi khoang thoi gian di chuyén giita cac ga thi
gan nhu cac doan tau 1a cung khoi dong, ciing hdm. Quan sat s6 liéu trong Bang 4, vé co ban
khi headway c6 gi4 tri tir 90(s) dén 100(s) kha twong ddng véi khoang thoi gian di chuyén
gira cac ga thi nang lugng thu hdi I6n hon nhiéu khi headway nam trong dai gié tri tir 120 (s)
dén 160(s). Trong moi dai pham vi cua headway, ciing dé nhan thay rang gia tri ning luong
thu hdi 16n ¢6 xu hudng nam & gia tri headway 1a boi sb cia thoi gian cac doan tau di chuyen
giita c4c ga, vi du trong dai pham vi 120 — 220(s), gia tri nang luong thu héi 16n nhat khi
headway bang 180(s).

1000 T T T T T

900
800
700
600
500
400
300
200

(kw.h/ngay)

Ning luong tai sinh

C. Linh Lang P. Khoang H. Bong Y. Nghia
Tram Dién Kéo (TPK)
Hinh 8. Nang luong téi sinh c6 kha nang thu hoi tai cac TPK

Bang 4. Ning luong thu hdi tai cac TDK theo gidn cach chay tau nhé nhat

Headway Erq (KWh/ngay)

NOo-— ) C.Linh  Lang P.Khoang  H.Pong Y. Nghia Tdng

1 100 3234299 3355657 716.7575  783.7186 627.0655 27865372
2 120 289.0526 266.3171 278.9281  518.0559 487.8720 1840.2257
3 140 200.5926 159.0223  431.0480 54440  439.0344 1864.0973
4 160 286.7534 463.7303 2950280  574.1847 350.5909 1970.2873
5 180 381.6458 371.8608 5104736  931.2669 379.3634 2574.6105
6 200 2423478 2931461 4164662  455.7644 3342939 1742.0184
7 220 2499535 284.6081 289.0618  480.1525 346.8547 1651.6206
8 300 260.0168 230.6811 2752158  347.9027 228.5826 1360.399
9 400 176.6376 2311565 291.8948 1547200 168.6674 1023.0763
10 600 1865789 210.2659 1305430 2244978 11.7315 772.6171
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Théng qua vi du mé phong, thuit toan dé xut di cung cip mot cai nhin hé thdng trong
van dé mé phong hé théng giao thong dién do thi, moé hinh tinh toédn cong sut mang di¢n
duong sit, ciing nhu mo hinh tinh toan wdc luong ning luong du thira trén mang dién dudng
sit trong qué trinh van hanh mot tuyén dudng st d6 thi. Tir két qua mo phong co thé xac dinh
chinh xac nhimg thoi diém ning luong c6 kha ning thu hdi dugc, qua d6 co thé dua ra tham
chiéu dé diéu khién qua trinh thu hdi niang luong dat hiéu qua. Ngoai ra hiéu suit thu hdi ning
lwong tai sinh cling duoc xac dinh dwa trén tong ning luong tiéu thu va tong ning luong tai
sinh, tr d6 c6 thé st dung lam co so dé tham van viéc lya chon gia tri gidn cach chay tau nho
d6 thi, ciing nhu trong cac giai phap ung dung thiét bi thu hoi, tich trit ning luong cho cac
tuyén dudng sit giao thong do thi.

5. KET LUAN

Bai b&o nay trinh bay mat thuat toan dé giai quyét van dé mo phong, phan tich dong
cong suit, va ude luong niang lugng c6 kha niang thu hdi dugc tai cac tram dién kéo trén hé
théng mang dién giao thong duong st do thi. Thuat toan dé xuat duoc thuc hién dua trén md
hinh cng suat cua mang dién, trong mé hinh nay gia tri cong suat cia doan tau ciing nhu
thong sé cua mach dién duoc wée lugng, tinh todn va cap nhat theo ting thoi diém; con cong
suit c6 kha nang thu hdi dugc xac dinh mot cach chinh xac twong wng véi ting khoang thoi
gian 1 gidy. Thuat toan dé xuat dugc md phong kiém nghiém trén mé hinh mo phong doan tau
cua tuyén duong sit Cat Linh — Ha Pong. Két qua md phong da chting minh tinh kha thi va
tinh hiéu qua cua thuat todn khi &p dung cho cac tng dung trong phan tich qua trinh niang
luong trén mang dién duong sat, cliing nhu cho cac giai phap thu hoi, tich trit nang luong cho
cac tuyén giao thong dién.
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