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Abstract. During the operation of railway route, the locations of detailed points on the spriral
curve may be moved by several reasons. In order to ensure transport safety on a railway route,
the detailed points of current curve need to redefine those accurate positions into the
optimized spiral curve. In this paper, the spiral curve and geodetic error algorithms were
studied to propose a method of optimized spiral curve determination. Firstly, the coordinates
of current detailed points are measured by the total station, then the coefficients of current
curve are calculated. Furthermore, the current coefficients are used to define the most
probable value of coefficients of the optimized curve, then displacements of the current
detailed points are calculated along to x or y axis of the coordinate system. The proposed
method was verified by the experimental data. The result shows that, the proposed method is
suitable to measure on ground and ensuring the precision of upgrating and maintaining the
railway route.
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Tom tat. Trong qua trinh van hanh tuyén duong sat, cac diém chi tiét trén duong cong chuyén
tiép co thé bi chuyén dich boi cac nguyén nhan khac nhau. Dé dam bao an toan van tai tuyén
duong sat, cac diém chi tiét trén duong cong chuyén tiép hién hitu can duoc nang cap, cai tao
chuan héa lai vi tri chinh xé&c cia chling dén duong cong chuyén tiép toi wu. Bai bao nghién
ctru &p dung ly thuyét caa dudng cong chuyén tiép va ly thuyét sai sb trong trac dia dé dua ra
phuong phap xac dinh dudng cong chuyén tiép tdi wu tir cac diém chi tiét trén duong cong
chuyén tiép hién hitu. Trudc tién toa d6 cac diém chi tiét trén thuc dia duoc do bang may toan
dac dién tur, sau do xac dinh hé sé dudng cong chuyén tiép hién hitu tai cac diém nay va hé sb
duong cong chuyén tiép téi wu. Trén co s¢ hé sb duong cong chuyén tiép téi wu xac dinh toa
d6 va do chuyén dich cac diém chi tiét tir dwong cong chuyén tiép hién hitu ¢én duong cong
chuyén tiép tbi wu theo truc x hoic truc y cua hé toa do. Phuong phap dé xuat da duoc kiém
chtng bang sé liéu do thyc té. Két qua chi ra rang, phuong phap dé xuat phi hop véi cong tac
do dac trén thyuc dia, dam bao do chinh xé&c nang cap va cai tao tuyén duong sit.

Tir khoa: duong cong chuyén tiép, cai tao tuyén duong sat, 1y thuyét sai sé.
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1. PAT VAN PE

Khi cai tao, nang cap tuyén duong sit viéc xac dinh phuc héi tryc tim tuyén 1a rat can
thiét, nhung thyuc té do diéu kién khai thac van hanh va dia hinh hai bén tuyén dac biét trén
nhhimg doan cong da thay déi nhiéu nén khé cé thé thuc hién duoc. Tuy nhién, dé dam bao
chét lugng cai tao, nang cap nhimg doan cong cua tuyen ching ta c6 thé xac dinh dugc truc
tim tuyen t61 wu. Vi vay tac gia bai bao nghién ciru dé xuit phuong phap xac dinh duong cong
chuyén tiép t6i uu ciia dwdng cong tong hop truc tim doan cong tuyén dudng sit.

2.COSO LY THUYET

2.1. Pwong cong chuyén tiép
So dd duong cong chuyén tiép (hinh 1).

-
-

A

Hinh 1. So d6 duong cong chuyén tiép.

Phuong trinh dudng cong chuyén tiép [1-7], 14 :
c

p=3 1)
Trong do:
p - Bén kinh cong tai diém xem xét
S - Chiéu dai doan cong tir diém khai dau dén diém xem xét
C - Hé sb duong cong chuyén tiép

Néu diém xem xet la diém cubi cta duong cong chuyén tlep, dlem dau cua dudng cong
tron ciia duong cong tong hop [3-5], thi hé sb dudng cong chuyén tiép nhu sau :

C=R.L ()
Trong do:
R - ban kinh duong cong tron

L - Chiéu dai duong cong chuyén tiép
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Puong cong chuyén tiép ¢ dang dudng cong Clotoid (hinh 1), vi vay moi diém nam
trén duong cong Clotoid c6 toa d6 vudng géc [3, 4,5, 8], duoc tinh theo cdng thirc :

x=5(1—-
}’=;(1

Trén thuc té, dé bd tri dudng cong chuyén tiép thudng ding dudng cong Parabol béc 3.
Khi d6, ban kinh cong dugc xac dinh [3, 4, 5], nhu sau :
c

p= (4)
Va phuong trinh parabol bac 3 dudi dang toa do vudng goc [3, 4, 5], la :

4062 ) 3)

+)

56. 62

V= )

2.2. Pwong cong chuyén tiép toi wu
2.2.1. Xdc dinh hé sé duong cong chuyén tiép téi wu

Trén doan cong tuyén duong sat can cai tao, nang cép chon cac diém Ng, 1, 2, ..., n
thudc duong cong chuyén tiép 1a diém giira hai tim cta hai ray, khoang cach gitra cac diem
tuy thudc vao diéu kién do dac nhung thuong 1a 10m, 15m, 20m ( hinh 2).

ym)|

= = = Dudng cong chuyén tiép hién hitu

—— Puwdng cong chuyén tiép téi wu

Hinh 2. So db xac dinh hé sb dudng cong chuyén tiép tdi wu.

Chon hé toa do vudng goc xOy, trong do: O 1a diém Ng - goc toa do; truc x - hudng tiép
tuyén véi duong cong chuyén tlep hién hitu tai Ng, 12 huéng ndi cac diém gitra hai tim cua hai
ray phan dudng thang trén thuc té; truc y vudéng goc vai truc x tai diém Ng va hudéng vé tim
duodng cong.

Dung may toan dac di¢n tir do toa dd gia dinh cac diém 1,2 ..., nl& (x;; v): (i=1+n)
trong hé toa d§ xOy dugc xay dung nhu trén.

Ap dung cong thirc (5) tinh dugc hé s dudng cong chuyén tiép hién hitu C; tai cac diém
theo cong thire sau:

¢ = — (6)
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Néu C1 = C2 = ... = Cp ching t0 cac diém 1, 2, ..., n ndm trén cung modt dudng cong
chuyén tiép.

Néu C1 # C2 # ... # Cy chimg t6 cac diém 1, 2, ..., n khong cing nam trén mot dudng
cong chuyén tiép ma nim trén duong cong nao do ta goi la dudng cong chuyen tiép hién hiru.

Khi d6 phai chuyén dich cac diém chi tiét ¢én cung mot dudng cong chuyén tiép sao cho téi vu
nhét.

Tinh gia tri xac sudt nhat [9, 10] hé sé duong cong chuyén tiép theo cong thirc sau :

(€]
CXS' = — (7)

n

Trong do:

[C]=Ci+Co+...+Cy
n - s6 diém chi tiét trén dudong cong chuyén tiép hién hiru
Trong trudng hop nay, dudng cong chuyén tiép c6 hé sb xac suat nhat 1a duong cong
chuyén tiép toi uu (hinh 2).
2.2.2. Xdc dinh dp chuyén dich
Chuyén dich cac diém chi tiét 1, 2, ..., n tir duong cong chuyén tiép hién hiru dén duong
cong chuyén tiép toi uu c6 the thyc hién theo mot truc toa dd x hodc y, chuyén dich theo truc
nao phu thude vao di€u ki¢n do dac trén thuc te.
Truong hop chuyén dich theo truc y thi giit nguyén gid tri xj cac diém chi tiét (i = 1+ n)
trén duong cong chuyén tiép hién hitu va tinh gia tri yi cac diém chi tiét (i’ = 1’ +n’) trén
duong cong chuyén tiép tdi uu theo cong thirc:

3
X

(8)

Yir =
6.Cxs

Nhu vay toa d6 cac diém chi tiét (i’ = 1" + n') trén duong cong chuyén tiép toi uu 14 (xi ;
yi). PO chuyén dich cac diém chi tiét (i = 1 + n) tir duong cong chuyén tiép hién hiru dén céc
diém chi tiét (i = 1’ + n') trén dudng cong chuyén tiép t6i wu theo truc y la:

dy; = Yir — Vi ©)
Truong hop chuyén dich theo truc x thi gilt nguyén gia tri yi ctia cac diém chi tiét (i =

1+ n) trén duong cong chuyén tiép hién hitu va tinh gia tri x;- cac diém chi tiét (i" = 1" + n
trén duong cong chuyén tiép toi uu theo cong thirc:

XI'" — 3-.“!'6. CXS ._}’I' (10)

Nhu vay toa do cac diém chi tiét (i" = 1" +n") trén duong cong chuyén tiép tbi vu la
(x;-; Vi). PO chuyén dich cac diém chi tiét (i = 1 + n) tir duong cong chuyén tiép hién hitu dén
cac diém chi tiét (i" = 1" + n") trén dudng cong chuyén tiép ti wu theo tryc x 1a:

dxi = .1’1--- - .1’1- (11)
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2.2.3. Chuyén dich cdc diém chi tiét trén thuc dia

Chuyén dich cac diém tir dudng cong chuyén tiép hién hiru dén duong cong chuyén tiép
to1 vu theo truc y hay truc x trinh ty thyc hién nhu nhau.

Truong hop chuyen dlCh cac dlem chi tiét theo truc y (hinh 2) : Dung thude thép c6 khic
vach mm, tir cic diém chi tiét (i = 1 = n) trén dudong cong chuyén tlep hién hiru theo hudng

vudng goc véi truc x 12 hudng tiép tuyén véi dudng cong chuyén tiép hién hitu tai Ny, dit cac
doan c6 dau va gia tri bang dyi, dyz, ..., dyn va danh déu trén thuc dia dugc cac diém chi tiét
(i'=1 =+ n’) Vc’ri toa do (xi; yi') thoa man phuong trinh parabol bac 3, ta nhan dugc vi tri cac
diém chi tiét ndm trén duong cong chuyen tiép t01 wru, hodc c¢6 thé dung may toan dac dién tir
cin clr vao toa do (xi; yi') bd tri cac diém chi tiét (i’ = 1" + n'), c6 toa d6 thoa man phuong

trinh parabol bac 3, tir 6 xac dinh duong cong chuyen tlep tdi wu trén thyuc dia.
2.2.4. Trinh tw xdc dinh dwong cong chuyén tiép t6i wu
Trinh tu x4c dinh dudng cong chuyén tiép t6i wu gdm céc budc sau ddy :

+ Chon céc diém chi tiét trén truc tim duong cong phan dudng cong chuyén tiép.

+ Xéc dinh hé toa d6 gia dinh xOy trén thuc dia.

+ Dung méy toan dac dién tir do toa do cac diém chi tiét trén dudng cong chuyén tiép
hién hiru.

+ Tinh hé s6 duong cong chuyén tiép hién hitu tai cic diém chi tiét.

+ Tinh gié tri x4c suat nhat cta hé s duong cong chuyén tiép tdi uu.

+ Tinh toa do cic diém chi tiét sau khi chuyén dich tir duong cong chuyén tiép hién
hiru dén dudng cong chuyén ti€p toi uu theo truc y hay truc x.

+ Tinh d6 chuyén dich cac diém chi tiét tir duong cong chuyén tiép hién hiru dén
duong cong chuyén ti€p toi vu theo truc y hay truc x.

+ Thyc hién chuyén dich cic diém chi tiét tir dudng cong chuyén tiép hién hitu dén
duong cong chuyén ti€p toi uu trén thuc dia.

+ Dung may toan dac dién tir do lai toa do céc diém chi tiét trén duong cong chuyén
tiép toi uu sau khi chuyén dich dé kiém tra.

3. KET QUA THUC NGHIEM

Két qua nghién ctru ly thuyet trén dugc kiém chung bang thyc nghiém trén doan cong
phan duong cong chuyen tiép tuyén dudng sit di khai thac van hanh trong thoi gian dai. Phan
thuc nghiém dugc tién hanh nhu sau:

+ Chon diém Ng va 5 diém chi tiét trén truc tim doan cong phan duong cong chuyén
tiép hién hiru, khoang cach gitra cac diém chi tiet khoang 10m.

+ Dung may toan dac dién tir do toa dg cac diém chi tiét trong h¢ toa do gia dinh xOy.

+ Két qua do, tinh toan va sc»dé chuyén dich cac diém chi tiét tir duong cong chuyén
tiép hién hitu dén duong cong chuyén tiép to1 uu theo truc y dugc thé hién trong Bang 1 ;
Hinh 3.
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Bang 1. Két qua do va tinh toan.

TT Toa dd diém i (m) Tinhh¢ s0 | Tinhh¢ | Toa dy diemi’(m) | D@ chuyén
diém i Ci 50 Cxs dich dy; (m)
Xj Yi Xj Vi’
0 (Nd) 0 0 0 0
1 10,032 0,075 2244 10,032 0,056 -0,019
2 20,352 0,395 3557 20,352 0,474 +0,079
3 28,537 1,357 2854 2963 28,537 1,307 -0,050
4 41,525 3,795 3145 41,525 4,028 +0,233
5 48,675 6,372 3016 48,675 6,487 +0,115
[C] = 14516
y(m) 4
5
>dY5
6T 15
54 I
! Bl}’b’ng’coqg
1 chuyén tiép toi wu
4 s :
4
3 ! !
2 dyg‘r-| 3 : :
+ dy 2, I I I
1 %r 1 ~A y I
o1 2 | dyZ : : I x(in)D

0(Ng) 10 20 30 40 50

Hinh 3. So d6 chuyén dich cac diém chi tiét.

4. KET LUAN

Ttr cac két qua nghién ctru vé 1y thuyét va thuc nghiém, tac gia dua ra két luan nhu sau:

+ Phuong phap xac dinh duong cong chuyén tiép t6i wru trén doan cong tuyén duong sat
¢6 do chinh xac cao, sat voi phuong an thiét ké gop phan quan trong nang cao chat luong cai
tao, nang cap va dam bao an toan cho tau chay trén doan cong tuyén dudng sit.

+ Trinh ty thye hién xac dinh duong cong chuyen tiép t6i wu trén doan cong c6 tinh kha
thi phu hop véi diéu kién thuc té khi cai tao, nang cdp doan cong tuyén dudng sit.
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