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TOM TAT

Bai bao nay ap dung co sé ly thuyét bai toén déng luc thong qua duvng cong cua toa xe metro ¢6 xét
t6i dan héi cua ray theo phuong ngang dé xac dinh quy luét bién déi cta luc dan hwong va goc xung kich
khi toa xe metro chuyén déng vao duong cong, lam co s& danh gié mirc d6 én dinh chéng trat banh va

muec d6 mai mon go banh xe.

1. DAT VAN BE

Khi cac doi truc banh, truedc hét 1a cac doi truc
banh dan hwéng cla toa xe metro chuyén déng qua
vung duwdng cong thi do quan tinh, cac déi truc banh
luén c6 xu thé gilr cho chuyén ddng cia ching luén
khong ddi va c6 phwong vudng goc véi duwong tam
truc clia cac doi truc banh do. Vi vay dwong tam truc
clia cac doi truc banh luén léch di mét goc a so véi
phwong hwéng kinh t&i tdm clda dwong cong, a
dwoc goi la géc xung kich [4] (Hinh 1).

Hinh 1. Quan hé giira géc xung kich a véi ban
kinh dwong cong R va vi tri tam quay tirc thoi Q.
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DPdng thoi khi chuyén dong trén dwéng cong,
diém tiép xuc gitra g& banh va ma ray khong phai
lic ndo cling nam trén mat phéng di qua dwong
truc cla truc banh ma do tac dung ctia géc xung
kich, diém tiép xuc nay da dich 1én phia trwéc mot
khoang h, goi la cu ly tiép xtc trwdc [4] (Hinh 2).
Khi truc banh di vao dwdng cong, duéi tac dung
cla cac lyc trén phwong ndm ngang, dau tién truc
banh st dung hét khe hé gitra go banh va ma ray.
Diém tiép xuc ban du 1a U nay da dich chuyén 1&én
E1. Ca U va E; vn ndm trén mé&t phang di qua
dwéng tm truc banh, ndm trong mét phang thang
ding ngang. Tuy nhién U va E; khéng cling ndm
trén mét d6 cao ma c6 sy chénh nhau mét cy ly
nhét dinh trén phwong thdng ding la d. Luc nay a
=ay=0va h =hys = 0. Khiting a |én cac tri s6 oz,
as, 04, 05 diém tiép xdc tir E4 chuyén qua Ez, Es, Eq,
Es. Twong &ng sé& co cac cu ly tiép xuc trwédc ho,
hs, hs, hs. Cac diém tiép xtc E; khéng chi chuyén
dich vé phia trwéc ma con nam trén cac vong lan
c6 ban kinh ritlr nhé téi 16n. Cu thé Eq nam trén
cac vong lan cé ban kinh ry, twong tw, E2, Es, Ea,
Es ndm trén cac vong lan cé ban kinh ry, r3, ra, rs.
Trén Hinh 2 ta thAy khi a va h cé tri sb tang dan thi
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ban kinh ctia cac vong 1&n chira diém tiép xdc ciing
tang dan. Tham chi rs da la ban kinh cda vong lan
chay qua dinh cGa g& banh xe, khi d6 chi can cé
mét tdc dung nhé theo phwong ngang ciing dan
dén tratray.

Hinh 2. Vi tri cua cac diém tiép xtc truwéc

twong ng vé&i do Ién cta goc xung kich a.
DPéng thoi khi thédng qua dwdng cong g& banh
dan hwong sé bi ép vao héng ray gay ra luc dan
hwéng. Lwc dan hwéng qua 1én co thé 1am cho
banh xe leo qua ndm ray ngoai gay trat ray va lam
hao mon Igi banh xe. Hién twong trat banh xe ra
khéi dwdng ray (trat ray) la mét qua trinh dong lwc
hoc xay ra hét sirc phirc tap chiu anh huéng cla
nhiéu yéu tb bat loi xdy ra déng thoi, thé hién sw
tiép xuc banh xe va ray khoéng binh thuweng [3]. Vi
vay dé thay ré dwoc sy bién ddi vé tri sb cta lwc
dan hwéng va goc xung kich khi toa xe metro vao
dwéng cong can tinh toan xac dinh gia tri thay ddi
cla lyc dan hwéng va goéc xung kich khi toa xe
metro chuyén déng vao dwérng cong véi van toc V.

2. D LIEU VA PHUONG PHAP NGHIEN CcU’U

2.1. Cac dac trwng hinh hoc va dong Iwc hoc
cua toa xe metro khi vao dwong cong

Trong qua trinh nghién ctru bai toan déng lwc
clia toa xe vao dwdng cong c6 xét téi dan hdi clia
ray theo chiéu ngang s dung mét sb gia thiét sau
[1] % N

1. T6c do cua toa xe vao dwong cong la déu.

2. Tai trong tac dung lén banh xe truyén xuéng
ray la nhw nhau.

3. Coi than xe, khung gia chuyén hwéng, truc
banh Ia nhitng vat ciing tuyét dbi.
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4. Lyc ma sat gilra ray va banh xe phu thudc

vao van téc truot [2].
I=t.N;T =71, N;t =ar;7, =ar, (1)

Trong d6: N la ap lwc cla banh xe |én ray; Ty,
T, la lwc ma sat tai diém tiép xuc gira banh xe va
ray theo 2 phuong x,y; rx, Iy la van téc trwot twong
dbi ctia banh xe dbi véi ray; a la hé sb ty 1é.

5. Khong dé y t&i do con clia mat 1an banh xe.

6. Ung lwc nén cla g& banh xe vao ray ti 1&
tuyén tinh v&i dd clng cla dwong ray theo chiéu
ngang [1].

Y’ = Cy.ej hay Y'=C,.(yi — ) (2)

Trong dé: Y’ la &wng lwc nén; C, la dd cing
ngang cla ray; 25 la téng khe hé& gitra g& banh va
ray; ej la tri s nén ray; yi la toa d6 cla cap banh
xe th(r i theo chiéu ngang.

Trén Hinh 3 ta thdy A1, Az la vi tri g& banh
xung kich bat d3u tiép xuc véi ray ngoai. A1, Az la
vi tri ndo dé cla gia chuyén hwéng ma ray ngoai bi
nén mét lwong la ey ¢d nghia la diém A; co dich
chuyén la es. Cq, Cy la trong tdm cla gia chuyén
trwéc va sau. Truc doc cla gia chuyén quay mot
géc 1a g véi van tdc quay tire thoi iT‘/’

t
pHt

m

o .
% — ]

7

Hinh 3. So’ d6 dong hoc khi va cham cua gia
chuyén hwéng vao dwong cong.
Xac dinh cac van tbc va gia téc tai diém As:
Van téc theo huéng doc

Vzﬁcosa“z@:V, (3)
dt dt
Van téc A theo hudng ngang
@=@small~lfa“ (4)
at dt
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Van téc trwot ngang cta diém A;
=P dan_y, de (5)
dt dt dt
Vi tri cwrec quay Q dwoc xac dinh qua X (tinh tor
diém A1)
x, =D dv Ve,
dt dt dy
dt
Tbc dd theo phwong ngang cla truc banh thi
21a

(6)

b, :%—ZLtd—W: Va, -2,
dt dt dt dt
Trong d6 2L: la khoang cach truc trong gia
chuyén huéng.
Van téc trwot ngang tai diém tiép xuc cltia banh

xe va ray trén truc sau:

(7)

W, =D _dan_y, oy dv_de (8)
! dt dt dt

Van téc trwot twong déi ry; dwoc tinh nhw sau
V&i banh xung kich

. :&:a“_de”/dt (9)
i’ 14 v
V@i banh khéng xung kich
Theo phuwong y:
W . de. | dt
Py = Vyu =0y —a dWV/dt_yT (10)
Theo phuwong x:
rxiszdw/dt (11)
V

Trong d6 i thé hién truc thiv i, j thé hién banh
thi j; aj 1a khodng cach tir truc i dén truc thir nhat;
2S la gian cach 2 mat lan banh xe.

Gia téc hwéng tam cla diém A

dy, _ds dv | da, (12)
dar’ tdt  dt
Gia téc ngang diém As
dy, _V  de, (13)
> R df
Gia téc clia trong tam gia chuyén hwéng
2 2 2 2
d);,:d)zzl_tdl/zlz (dl-kda“)—L,din/ (14)
dt dt dt dt dt dt

Xét anh huédng ctia thung xe dbi véi gia chuyén
hwéng khi chuyén dong vao duong cong. Khi toa
xe chuyé&n déng vao dwdng cong, do hé thdng treo
nén cé do léch ngang. Goi d6 léch clia hé théng
treo cla gia chuyén hwéng thtr nhéat va thi hai la
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e|va ey. Lwc tac dung clia thung xe 1&n gia chuyén
thtr nhat va th( hai (tai vi tri c6i chuyén) lan lwot 13
P\ va Py, phan luc cia gia chuyén huéng dbi voi
thing xe la p/ va p,. Do chénh léch p va p da
lam thang xe quay quanh truc Z mét géc y va do
do co gia téc 1a 4’y . Mat khac diém dat cua luc p
dlz
va P, cach trong tdm cla gia chuyén la h, nén
thung xe bi nghiéng Iéch mét géc ¢ va gay nén gia
tbc goc @’¢. Gia téc nay cd tri sb khong thay doi
dtz
trén toan bo chiéu dai thung xe (Hinh 4).
¢

F o+ K| .9
Su ) S Si M, s
W I~ F,+K
LW j
L L bi bi I~
W
| P pr >
S

5
Hinh 4. Lwc va gia téc trén thung xe.
Nhw vay ta cé gia tbc tai cac diém trén gia
chuyén nhw sau (Hinh 5):
Trén gia chuyén huéng thir nhat:
O trong tam gia chuyén:

2 2 2
dy, _dv_;dy (15a)
s’ dr dr’
O quang treo:
d’y, _ dy,’ I d’e, (15b)
a dtt dr
O diém S1:
d’y, _d’y, ,d’¢
a=C Ly, 16
at* dr dar’ (18)
Trén gia chuyén huéng thi hai:
O trong tam gia chuyén:
dzyu
=0 17
e (17)
O quang treo:
d’y, _d’e, (18)
ac  dt’
O diém S2:
d’y d’e d’
t dt dt
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O trong tam toa xe (diém S):

d’y, :l(d Yo _d’ ysz) _ 1 &y, dysz)
d* 2 drf dt2 TS
Tl d6 ta tién hanh viét phwong trinh can bang
tire thdi cho gia chuyén th&r nhéat va thung xe.

(20)

Ty 21 Ty 21
\ I 2 (M-M,)y,
/
—J i
Ty21 T
Ty22 TyZI -

Hinh 5. So’ d6 lwc tac dung
Ién gia chuyén hwéng
Déi v&i gia chuyén c6 hai phwong trinh can
béng sau:

ZY = Y;l
N (21)

M, =Y L+ [T+ T~ (T, +Ty)] S+ZaojT —J ”‘lﬁ"’=o

Déi v&i thung xe:
d’y,

Y Y=P+P-M, =0

d 2
DM =(P-P)L-J, =0 22)
ZMXz_[(FI_Fz)"'(K:l K:z)]-b e
—[(F+F)+ (K, + K)o — (P +Py).h—J. ‘f;";_o

Trong d6 Fi, F2 1a lwc cla 106 xo gia chuyén
hwéng tac ddng 1én hé thdng trén 16 xo vé hai phia;
2b+ la gian cach ngang 16 xo trung wong.

F1=F11+F21=2(F-Cr.b1.9) ;

F2=F12+F22=2(F0+CF.b1.@)5

F11,F12 la lyc dan hdi 16 xo cla gia chuyén thiy
nhét.

F21, Fo2 1a Lwc dan hdi 16 xo cla gid chuyén
hwéng th hai.

Cr 14 d6 cirng 16 xo & mét phia cha gia chuyén
hwéng theo phwong thang ding.

Fo la tai trong tinh tac dung & mot phia cla gia
chuyén huwéng.

(23)
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K21, K22 1a lwc tac dong ctia bd gidm chan & mot
phia cta gia chuyén.
K,=-2K.b.¢ ; K,=2K_b.¢p (24)
K. 13 hé sb6 can cla giam chan theo phwong
thang dang.

Y, = _Cy €y (25)
P =—P;=2.Cie, +2.K, de,

dt (26)
P

de
=—P =2C.e +2K —L
I Jig k€1 Y gt

K, la hé s can giam chén theo phwong ngang

Cy la d6 ctrng ngang cua ray.

2C |4 lwc phuc hdi ctia hé théng treo & mot gia
chuyén hwéng.

Tv11+Tv21:_a2( nF ) = - QSM
| | ; (27
T+l =-a Q(’}lz )= Z-G.QSM
, 5 -
. dT, de.
Tacd: 2L =-C —L (28)
dt Y dt
A iy 0
dong thoi Tw =_a§,,yy
Thay ry;vao ta dwoc
dT .
T, :_“Q(an—a, dl///dt+ 1 9Ly (29)
yy 8 y V CyV d[

Trong d6: Q 1a Téng trong toa xe

2.2. Thanh lap hé phwong trinh chuyén déng
cua toa xe khi vao dwong cong

DPé thuan loi cho qua trinh tinh toan cac dai
lwong dac trung cho qua trinh chuyén déng vao
dwong cong cua toa xe, ching ta biéu dién dwéi
dang phwong trinh khéng thi nguyén [1]. Do dé
céac dai lwong tinh toan dwoc biéu dién qua T 1a dai
lwong khéng thir nguyén. T=t.A voi

v
A==

dwong cong (giay);
V la van téc toa xe khi vao dwéng cong (m/s).
T (13), (14), (21), (22), (29) tién hanh bién d6i
va dwa vé phuwong trinh khéng thé nguyén ta dwoc
hé phwong trinh.

va t 1a thoi gian gia chuyén huéng vao
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s . BB.B . 1B.B,
f+B B B12f+ B14 f] 2 B (f;+f‘6)_
| B.B.B,

T2 B, (fs+ 1) =0 (1
fo=Fi=Ji+ B -0 (2)
fi=fot fimfro =0 (3
f,+4B, BLB B, f,+B.BB,f,+.
ABB.B(f+ i~ 1) =0 (4)

fs +%(BIO +1)(Bl3'f5 +Bl-B11-f5)_--

'_%(BIO _1)(Bl3fé +Bl'Bll'f;y)+Bl4jI + flo =0 (5)

! (30)
fs+E(Blo+1)(313-f6+Bl-Bll-f6)_--
1 . ..
'_E(Blo_1)(B13-f5+B|-B11'f5)+B14f1 =0 (6)
. B .
FragtF+ =21 =0 (7)
7
. B, .
S+ i+ -2, =0 (8)
B7
. B4
fo+—th+f =0 (9)
B7
. 1 |2B.B,.f,-B,B,.f,—B.B,B, [, . _0(10)
© 1-B,| .—2BB,(f,+ fi— 1))
Trong do:
L) =9 fz(T)—* (D) =a,
l
e
fi(D)=vy ; fs(T)=f’
l
f((T)—* f7(T)—
f }
) Vi
T)= 7, T)=—"
J@()LC D=
L, M M.L?
B = gV B = BT
L.C, M, h? 4C, b}
B, = L, B, =—% ; B, £ 1
M.g J, M, .g.h
a L b M L?
B7:§;B8:ﬁ 339271 s By = Jkr
B _4C,(.Lr . B 4K . .L, 4K .L
11 > 12 > 13
M,.g M,V M,V
h N
B, = f ; Bis = f

m SO 6 - 2024

@ - géc nghiéng cuia thiing xe trong mat phang
zy (goc lan ngang), rad.

e11- d6 nén clia banh xe dan hwéng vao ray.
a11- goc xung kich clia banh dan hwéng (rad).

- gbc quay cla gia chuyén huéng trong mét
phang ngang, rad.

- d6 nghiéng léch cia hé théng quang treo
cla gia chuyén huéng th(r nhat.

ey - d6 nghiéng léch cta hé théng quang treo
clia gia chuyén hwéng thir hai.

T21- Iwc ma sat trén banh xe 21 (banh ngoai
clia truc banh sau), N.

T2 - lwc ma sat trén banh xe 22 (banh trong
clia truc banh sau), N.

T12-lwc ma sat trén banh xe 12 (banh trong ctia
truc banh trwéec), N.

¥, -van tbc hwdng ngang tai tam gia chuyén
hwéng thir nhat, m/s2.

Mk — khdi lwong trén 16 xo, kg.

M — téng khéi lwgng toa xe, kg.

Jz , Jx— mbd men quan tinh khéi lwgng cla thung
xe voi truc z va x, kg.m?.

g — gia téc trong trwdng, m/s2

h — khodng cach tir trong tam dén tam truc
banh, m.

Dé xac dinh quy luat bién déi cla lwc dan
hwéng va géc xung kich tién hanh giai hé phuong
trinh (30), st dung cac théng sé cla toa xe metro
kéo theo tuyén dwdng sét d6 thi Bén Thanh — Sudi
Tién va thong s ctia dwong.
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Bang 1. Thong s6 dung dé tinh toan
T Tén thong sb Ponvi | Giatri | TT Tén thong sb Ponvi | Giatri
) D6 clrng tinh cua 1o xo
1 | Tw nangtoaxe Tan 31,6 10 hdp truc theo phwong kN/m 850
théng dirng
2 | Tai trong toa xe (toan tai) Tén | 19,33 | 11 | Boécingcialoxohop | \n\m | 2750
truc theo phwong ngang
3 | Khéilwong 1 gia chuyén hwéng tan 12 Khoi Iu’c_)’rg)g' rrr:cf)t bo truc tan 1
an
4 | Chidu dai toa xe m 195 | 13 | Khoang cachtam coi m 13,8
chuyén
5 | Chiéu rong toa xe m 2,95 14 Khoang cach chieu m 2
ngang I xo trung vong
6 | Chiéu cao thung toa xe m 2,79 15 Pueong kinh banh xe m 0,86
7 | Khoang cach truc m 16 Ban kinh ,du’(‘)’tlg cong m 160
nho nhat
8 Do clrng tinh Ci.la [o] 'xo khéng khi KN/m 3724 17 D6 crng clia ray theo N/m 107
theo phuwong thang dirng phwong ngang
9 Do cirng tinh cua 16 xo khéng khi KN/ 1176
theo phwong ngang

3. KET QUA VA THAO LUAN

Gidi hé phwong trinh khi toa xe vao dwong cong
ban kinh 160 m v&i van tbc 35 km/ va tinh dwoc
f.(T)=g, chinh la géc xung kich theo T, Iyc dan

hwong vy =-C ¢, Voi e, dugcxacdinh tr £ (1) = %1 .

Su tac dung twong hd gitra banh xe va ray
thudrng xay ra bét loi nhat (dé trat ray nhat) khi gia
chuyén hwéng vao va ra khéi duwong cong [5]. Vi vay
ta chi xét tai thdi diém gia chuyén huwéng bat dau vao
dudng cong (T=1+4) ta tim dwoc quy luat bién dbi cta
lwc d&n hwdng va goc xung kich (Hinh 5).

Trong dé: truc hoanh biéu dién dai lwong khéng
the nguyén T (qudng dwong gid chuyén vao
dwdng cong S=T*Lt; Ltla ¥ khodng cach truc).

fon
Ll

g

Hinh 6. Quy luat bién déi cta lwc dan hwéng
va goéc xung kich khi vao dwéng cong toa xe
metro kéo theo tuyén dwong sat do thi Bén
Thanh - Suéi Tién
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T két qua tinh toan lwc dan hwéng va goc
xung kich cé thé xac dinh dwoc chi tiéu an toan
chéng trat ray do lwc din hwéng va géc xung kich
gay ra. Ta cling thay rang lwc dan huéng va goéc
xung kich tdng nhanh khi toa xe batdau vao dwong
cong trong khodng 2 m dau tién. Khi gia chuyén
hwéng da nam hoan toan trong dwong cong
(khodng céch truc 2Lt =2,1 m) thi lwc dan hwéng
va goc xung kich bat dau 6n dinh gitip toa xe théng
qua dwong cong. Chinh sw thay dbi dot ngdt nay
gay ra cac lyc xung kich manh d& dan dén trat ray
néu cac yéu té khac khong dwoc béo dam.

4. KET LUAN

» Thoéng qua viéc nghién clru bai toan toa xe
vao dwong cong cé dé y téi dan hdi theo chiéu
ngang cla ray, tac gia da thiét1ap dwoc hé phwong
trinh vi phan chuyén déng cla toa xe khi vao
dwong cong ma & dé thé hien mébi quan hé toan
hoc gitra cac théng sb: géc nghiéng thiing xe, goc
xung kich cha truc banh dan hwéng, lwc dan
hwéng... véi cac tham sé hinh hoc, déng hoc cla
toa xe va clia dwong sat (& ving dwong cong).

> Giai phwong trinh vi phan da thiét 1ap tinh
toan quy luat bién déi cta lwc dan huwéng va goc

SO 6 -2024 m
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xung kich khi chuyén dong vao dwong cong. Noi > Tw gia tri cha lyc dan hwéng va géc xung
cach khac sé xac dinh dwoc sy bién dbi clia lwc  kich xac dinh dwoc chi tiéu an toan chéng trat ray
dan hwéng va géc xung kich phu thudc vao swbién  Y/Q va oy ly tiép xtc trwéc dua trén cac thong sb
déi ctia cac tham sb hinh hoc, déng hoc ctia gid  hinh hoc cla bd truc banh xe O

chuyén huwéng toa xe.
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ABSTRACT

The paper applies math theoretical basis passed curves dynamics of the metro wagon taking into
account the elasticity of the horizontal rails to determine the influence of the several dynamic parameters
fo the guiding effort and angle of attack of metro wagon on a curve, as the basis for assessing the stability
anti derailment and the wheel flange abrasion.
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