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Van dé két céu va tinh todn dong luc hoc doan tau tir Iau da duoc nhiéu nha khoa hoc nghién
ctu, déc biét Ia hién nay dw én duong sét téc dé cao Bdc Nam dang duoc nghién ctru dé trién
khai. Bai bao nghién ctru két cau gia hwéng toa xe kéo theo dién hinh cda doan tau toéc dé cao
CRH2, ttr dé nghién ctru mé hinh dong Iurc hoc cua toa xe kéo theo, tinh toan khao sat dong luc
va danh gié chi tiéu 6n dinh van hanh cua toa xe nay. Két qua bai béo la tai liéu tham khao va cé
y nghia thuc tién cho dw én duong sét téc do cao Bac Nam.

Tir khoa: gia chuyén huéng, dwong sét téc d6 cao, déng luc hoc phuong tién

1. DAT VAN BE

Nghién ctru két clu, cac thong sb ky thuat va
tinh toan déng lwc hoc cho gia chuyén hwéng cla
toa xe nham da&m bao an toan van hanh cho doan
tau la mot van dé phirc tap. Véi cac doan tau toc
dd cao, van tbc thiét ké tr 200 km/h trd 1€n lya
chon két cAu va théng sb ky thuat ctia gia chuyén
hwéng 1a rat quan trong, sau khi lwva chon két cau
thi viéc xay dwng mé hinh va tinh toan déng lyc gia
chuyén hwéng 1a rat can thiét nham dam bao an
toan chay tau [1+6].

Dw an duwdng séat tbc do6 cao Bac Nam dang
trong giai doan lay y kién cac B, ban, nganh dé
trinh Qudc hoi théng qua vao nam 2025, phan
d4u dén nam 2030 khéi cong theo Quyét dinh s
1769/QD-TTg cla Tha twéng Chinh phl vé Phé
duyét Quy hoach mang lwéi dudng sat thdi ky
2021 - 2030, tAm nhin dén nam 2050. Do vay, két
qua nghién ctru két cAu, tinh toan déng lwc hoc gia
chuyén hwéng toa xe kéo clia doan tau téc do cao
CRH2 ¢6 y nghia tham kh&o va thyc tién cao.

Bai bao nghién ctru két chu gia chuyén hwdng
toa xe kéo theo dién hinh dé Ia doan tau téc dd cao

{

CRH2, sau khi nghién ctru két cAu bai bao sé tién
hanh xay dwng mé hinh nghién clru dong lyc hoc
clia toa xe kéo theo doan tau téc dd cao CRH2, dong
thdi bai bao (rng dung Matlab dé tinh toan cac chi
tiéu dong luc hoc dé danh gia chi tiéu én dinh van
hanh cla toa xe kéo theo doan tau tbc dd cao CRH2.

2. NOI DUNG NGHIEN cUU

2.1. Nghién clru két cau va cac thong sé ky
thuat chinh cua gia chuyén hwéng kéo theo
doan tau téc dé cao CRH2

Doan tau téc dd cao CRH2 gdm cé 8 toa xe,
trong do co 4 toa xe dong Iwc (ky hiéu la M), 4 toa
xe kéo theo (ky hiéu la T). Boan tau CRH2 dwoc
cau thanh tv hai don nguyén, mdi mdt don nguyén
do hai toa xe déng Iwc va hai toa xe kéo theo hop
thanh (T-M-M-T). Hinh thic bién ché 1a T1c + M2
+M3 + T2 + Tk1 + M2 + M1s + T2c, bao gdbm mét
toa xe hang nhéat (M1s), sau toa xe hang hai (T1c,
M2, M1, T2, M2, T2c) va mét toa xe an c¢6 chd ngoi
(T1k), trong d6 toa xe cé budng lai dat tai toa xe s6
1 (T1c) va toa xe sb 8 (T2c). Thanh phan doan tau
téc do cao CRH2 thé hién nhw hinh H.1:

>

Tle M3 T2

Tik M2 Mls T2¢

(8.8

H.1. Doan tau téc d6 cao CRH2
T: Toa xe kéo theo; M: Toa xe ddng luc; k la toa xe cd hang dn; s I toa xe hang nhdt; ¢ la toa xe ¢é budng Idi.
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Gia chuyén hudng toa xe kéo theo clia doan tau
tbc do6 cao CRH2 gdm 6 bd phan chi yéu tao thanh:
truc banh, hép truc, hé théng 16 xo hdp truc, khung
gia chuyén huéng, hé théng 16 xo trung wong va
thiét bi ham gia chuyén. Két ciu gia chuyén huéng
toa xe kéo theo xem Hinh H.2.

Gifmn chiln ngang

\

L& %0 trung wvong

Van didu chinh di cao
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Khung gia

chuyen hirémg

Lé xo hip truc

H.2. Két ciu tong thé gia chuyén hudng toa xe kéo theo
doan tau CRH2

Két cAu hop truc clia toa xe doan tau CRH2 st
dung kiéu don quay mét khéi, kiéu co cdu hop truc
nay ngay cang dwoc st dung phd bién trén cac
doan tau cao téc vi két cAu don gian, giam duoc tw
nang, kiém tra, stra chiva dé dang. Bong thoi cé loi
cho viéc nang cao tinh &n dinh van hanh cda toa xe
va thuan tién trong |&p rap.

Co céu hé treo hop truc cla gia chuyén huwéng

toa xe kéo theo doan tdu CRH2 str dung kiéu don
quay, bao gém 16 xo tron hop truc, gidm chan thay
lwc hwéng thang dirng; Co' ciu hé treo trung wong
gdm hé thdng 16 xo khéng khi, cac thanh kéo, gidm
chén ngang, gidm chén chéng rén bo, bé chan cao
su... cAu thanh. Wu diém clia hé thdng 16 xo khéng
khi la chiu tai trong thung xe, giam dao déng va
dam bao an toan, thoai mai cho hanh khach.

Két cdu khung gia chuyén hudng toa xe kéo
theo doan tau CRH2 1a loai thép han, c6 hinh dang
chi¥ H, do xa bén, xa ngang, xa lién két doc, xa
dé 16 xo khdng khi va cac phu kién han khac hop
thanh. Xa bén cé mat cét hinh hdp, xa ngang dung
thép dng khong méi néi. Trong xa bén c6 gan gia
cwdng, dé nang cao dd cirng chiu tai clia xa bén.
Bén ngoai xa bén va gilra hai xa ngang c6 xa d& 16
xo khéng khi, hai xa d& 16 xo khéng khi két hop v&i
hai xa ngang, tao thanh buéng khéng khi phu ctia
16 xo khong khi.

Hé théng ham gia chuyén huwéng toa xe kéo
theo doan tau CRH2 s+ dung phuwong thirc dia
ham truc két hop véi ham banh xe. Mdi truc banh
xe gia chuyén hwéng kéo theo duwoc I&p hai bo dia
ham, mdi banh xe dwoc 14p mot dia ham. Co cau
ham st dung phwong thirc hdm ap lwc thay lyc
chuyén dbi khéng khi, dau thay luc.

Sau khi nghién ctru két ciu két ciu gia chuyén
hwéng toa xe kéo theo clia doan tau tbc dd cao
CRH2 sé& c6 cac thong sb ky thuat co ban nhw
trong Bang 1 [8, 10]:

Bang 1. Théng s6 ky thuét chinh ctia gia chuyén huéng toa xe kéo theo doan tau CRH2

Théng s6 ky thuat chinh Gia tri
1 Khé duong 1435 mm
2 Téc do van hanh téi da 250 km/h
3 Tai trong truc 16 Tan
4 Khoang cach gitra hai cbi chuyén huéng 17500 mm
5) Khoang cach gitra hai truc banh 2500 mm
6 Buwong kinh banh xe 860 mm
7 Khéi lwong gia chuyén hwéng kéo theo 6,87 tan
8 Khéi lwong bo truc banh 1,728 tan
9 Khéi lwong khung gia chuyén hwéng 2,6 tan
10 | Khéi lwong than toa xe 30,5 tan
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2.2. M6 hinh doéng lwc hoc toa xe kéo theo
doan tau téc dd cao CRH2

Mb hinh déng lwc hoc toa xe doan tau téc do
cao CRH2 sir dung gia chuyén huwéng kéo theo
2 truc bao gdm 7 vat thé: than xe, gia chuyén
huwéng trwdc, gia chuyén hwéng sau, 4 bo truc
banh xe. M&i vat thé khédo sat 5 bac tw do gom
dao déng sang ngang, dao déng gat dau, dao
dong lan ngang, dao dong l&c va dao ddng nhép
nhé. Mé hinh nghién ctru déng lwc hoc toa xe
kéo theo doan tau CRH2 trong mat phéng thang
ding, ndm ngang, mé&t cat ding nhw hinh H.3,
hinh H.4 va hinh H.5 [1, 2, 7].
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H.4. Mo hinh nghién citu don g luc hoc toa xe kéo theo CRH2
trong mit phang nim ngang
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H.5. Mé hinh nghién ciiu dong luc hoc toa xe kéo theo (RH2
trong mit cat diing

Trong d6 cac ky hiéu trén moé hinh nghién ctru
H.3, H.4 va H.5 gbém: Yoo Yar Yoo Yorr Yoo Yia
Yw4’ Zc’ Zt‘]’ ZtZ’ Zw1’ Zw2’ Zw3’ Zw4’ (pc' q>t1’ q)tZ’ q)w1’
(pw2’ (pw3’ (pw4’ LIJC’ LPH’ LIJt‘Z’ pr1’ LIJWZ’ l.IJW?:’ l.IJW4’ Bc’
B> B B By Bss B, 1N ot la dao dong sang
ngang, nhap nhd, l1&n ngang, l&c dau, gat dau
cuia than xe, gia chuyén huéng truwéc, gia chuyén
hwdng sau, truc banh th 1, truc banh th 2, truc
banh th» 3 va truc banh th 4; M, M,, M 1a Khoi
lwong than xe, khung gia chuyén huéng va bo
truc banh; @ | , Iwy‘ [, 1a mé men quan tinh bd
truc banh xe doi va&i truc x, v, z o Ity’ I, I’é mo
men quan tinh khung gia chuyén hwéng doi voi
truc x, y, z; I, 1o, 1, 1@ mé men quan tinh than xe
doi voi truc x Y, Z; K, Ksy, K, la do cu’pg moi
bén gia chuyén hwéng clia hé 10 xo thr cap theo
phuwong doc, phwong ngang, thdng ding; C.
C,, C la hé sb giam chan mbi bén gia chuyén
hwéng cla hé 10 xo thw cép theo phwong doc,
phuwong ngang, thdng ding; C_, la hé sb giam
chén cla giam chén chong ran bo; K, K_, K,
la d6 clrng moi bén hop truc clia hé 16 xo so cap
theo phu’o”ng doc, ngang, thdng ding; C, C,p
sz la h§ s0 gidm chan moi bén hop truc,: cla hélo
X0 so cap theo phuwong doc, ngang, thang dirng.

Sau khi xdy dwng mé hinh nghién cru déng lwc
hoc toa xe kéo theo doan tau CRH2, sé tién hanh
thanh 1ap cac hé phwong trinh dao dong theo cac
hé phuong trinh vi phan dao déng cta 7 vat thé
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nghién clru trén theo phuong thdng ding, phwong  trinh va rng dung phdn mém Matlab dé tinh toan
ndm ngang, mat cat ding [1, 7]. dong luc hoc clia gia chuyén huwéng toa xe kéo theo

Qua nghién ctru két cdu gia chuyén hwéng va  doan tau toc d6 cao CRH2, bang théng sbé ky thuat
théng sb ky thuat chinh cla toa xe kéo theo clla cla toa xe kéo theo CRH2 dung trong tinh toan
doan tau téc d6 cao CRH2, baibéo Iap trinh chwong  ddng luc hoc nhw trong Bang 2 [8, 10].

Bang 2. Cacthdng s6 ky thuat dung trong tinh toan ddng luc hoc ciia toa xe kéo theo doan tau toc d6 cao CRH2

Ky hiéu Don vi Tri sé
Khéi lvong M, kg 1728
Truc banh M& men quan tinh [an ngang (quanh truc X) L kg.m? 740
j M6 men quan tinh g'ét d‘éu (quanh trucY) |y kg.m? 115
M6 men quan tinh Iac dau (quanh truc Z) l,, kg.m? 740
. Khoi lwong M, kg 2600
E:E;Sngla M? men que:m tfnh Iéﬁn ngang (quanh truc X) I kg.m? 2106
e M& men quan tinh g’at d‘au (quanh trucY) Ity kg.m? 1424
Mé men quan tinh lac dau (quanh truc Z) I, kg.m? 2600
Khéi lwong M, kg 30500
Théan xe M& men quan tinh Ian ngang (quanh truc X) I, kg.m? 84564
M& men quan tinh g’ét d‘éu (quanh trucY) loy kg.m? 1278900
M6 men quan tinh lac dau (quanh truc Z) l, kg.m? 1102725
D cirng 16 xo so cap thdng ding K., N/m 1244000
Tham s& d6 D6 clng doc dinh vi hép truc pr N/m 13700000
ciimg cia h.é Do crng ngang dinh vi hop truc pr N/m 5490000
e s " | D06 crng doc 16 xo khéng khi K, N/m 159700
D6 clrng ngang 16 xo khéng khi K, N/m 159700
Do cirng thang ding 16 xo khoéng khi KSy N/m 990800
N s B Chanls oo ar hangld g C N.s/m 19600
hé s6 giam 2z A .z [z
chn clia hé Hé 80 giam ch;’m thUj cap ngang Csy N.s/m 58800
A " | Hé s6 gidm chan chdng ran bo C N.s/m 2450000
thong treo S

2.3. Tiéu chuan danh gia dong lwc hoc toa xe
Theo Quy chuén Quéc gia Trung Quéc GB5599-1985 vé thir nghiém, danh gia tinh nang déng lwc hoc
doan tau quy dinh cac chi tiéu danh gia dd én dinh van hanh nhw trong Bang 3 [9]:

Bang 3. Cac cap dd danh gia dé 6n dinh van hanh toa xe

Chi tiéu 6n dinh van hanh toa xe W Danh gia
Cép 1 <25 RAt tot
Cép 2 25-275 Tot
Cép3 275-30 Dat yéu cau
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Bang 2 gébm c6 3 cap do danh gia do 6n dinh
van hanh cla toa xe, trong dé6 W - Chi tiéu danh
gia &n dinh van hanh toa xe dwoc xac dinh bang
cbng thirc sau day:

w =7,08" /AT3F(f) (1)

Trong do: A la gia téc dao dong [m/s?; f |a tan
s6 dao dong [Hz]; F(f) 1a Ham diéu chinh phu thudc
vao tan sé va duoc tinh theo cong thirc gan dung
theo Bang 4.

Bang 4. Ham diéu chinh tan sé

Dao dong ngang

Dao dong thang dirng

Khoang tan sb (Hz) Cong thire Khoang tan sé (Hz) Cong thire
0,5-5,9 F(f) = 0,325 f2 05-5,4 F(f)=0,8 f2
59 - 20 F(f) = 400/ 54 -26 F(f) = 650/f2

>20 F(f)=1 >26 Ff) = 1

2.4. Tinh toan déng lwc hoc toa xe kéo theo

doan tau téc do6 cao CRH2 theo phwong

thang dirng

Ung dung phan mém Matlab tinh toan, khao sat
dao ddng theo phwong thang dirng cla toa xe kéo
theo doan tau téc do cao CRH2 theo dai toc dd tir

0+250 km/h, tr két qua tinh toan dao dong, tién
hanh tinh chi tiéu dn dinh van hanh W tai ba diém
la diém & gitra toa xe (Wgx), diém gitra chd nbi gia
chuyén huéng truéc véi than xe (Wet) va diém gitra
chd néi gia chuyén huéng sau véi than xe (Wes),
két qua khao sat dwoc nhw Bang 5 va Hinh H.6.

Bang 5. Chi tiéu én dinh van hanh toa xe kéo theo doan tau téc d6 cao CRH2 theo phuong théng diing

V(km/h) Wgx Wet Wcs
0 0 0 0
25 1.2296 1.5609 1.3934
50 14279 2.2480 2.3857
75 14198 2.1765 2.3542
100 1.5140 2.1275 2.3911
125 1.6449 2.1893 2.5268
150 1.7814 2.4087 2.7544
175 1.8412 2.6883 2.9665
200 1.8608 2.7943 2.9916
225 1.7660 2.7167 2.8981
250 1.6874 2.5584 2.7523

T @6 thi H.6 thay rang trong khodng tbc do tir 0 dén 250 km/h chi tiéu &n dinh van hanh theo phuwong
thang dirng clia toa xe kéo theo doan tau tbc d6 cao CRH2 Iuén nhé hon 3, dat yéu cau véi quy dinh.
Chi sb 6n dinh tang khi téc dd tang 1&n va tang cao nhat trong khoang 180-200 km/h sau d6 gidm dan.
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H.6. Do thi chi tiéu n dinh van hanh clia toa xe kéo theo CRH2

theo phuang thang diing

2.5. Tinh toan dong lwc hoc toa xe kéo theo

doan tau téc dd cao CRH2 theo phwong nam

ngang

Két qua tinh toan chi tiéu 6n dinh van hanh theo
phuwong nam ngang cla toa xe kéo theo doan tau
tdc do cao CRH2 theo dai tbc do ttr 0-250 km/h, két
qua tinh toan dwoc nhu trong Bang 6 va Hinh H.7.

Bang 6. Chi tiéu on dinh van hanh toaxe kéo theo doan tau
toc d6 cao CRH2 theo phuong ndm ngang

Vikmh) W W, W,
0 0 0 0
25 03268 | 0.3298 0.3243
50 05748 | 0.6826 06322
75 0.8064 | 0.8656 0.8218

100 10575 | 14217 1.0738
125 13145 | 1.3870 1.3347
150 15734 | 16543 15988
175 1.8313 | 19193 1.8630
200 | 20844 | 24776 2.1234
225 | 2.3281 | 24241 2.3753
250 | 25569 | 26524 26133

Tw dd thi H.7 thdy rang chi tiéu 6n dinh van
hanh theo phuong ndm ngang cuia toa xe kéo theo
doan tau tbc d6 cao CRH2 tang tuyén tinh khi téc
do tang lén va tri s6 nhé hon 3,0 nén dat yéu cau
v&i quy dinh.

e Wiy el Wit == Wcs

HANHW

-50 50 150
VAN TOC [KM/H]

250

CHi TIEU ON PINH VAN

H.7. Dé thi chi tiéu 6n dinh van hanh ciia toa xe kéo theo CRH2
theo phugng nam ngang

3. KET LUAN

> Bai bao da nghién ctru két ciu gia chuyén
hwéng toa xe kéo theo cla doan tau téc do cao
CRH2, day |a mot loai két cAu dién hinh ma hién
nay cac doan tau téc do cao trén thé gi¢i dang
van dung. Két cdu hop truc kiéu tay don quay
mot khdi két hop véi 16 xo tron thang ding va
gidm chan thiy lwc thdng ding tao ra két ciu
don gidn, cé dd clrng virng cao, stra chiva, lap
rap dé dang; Khung gia chuyén huéng s dung
loai thép han, két ho'p hé thdng 16 xo khong khi,
gidm chén thly lwc ngang, gidm chén chéng ran
bd nham tao ra &n dinh va an toan khi van hanh
doan tau.

» Nghién ctru da nghién ctru mé hinh déng
Iwc hoc cua toa xe kéo theo CRH2 theo phwong
thang ding, phwong ndm ngang va mat cat ding;
ng dung phan mém Matlab khao sat, tinh toan
duoc cac dao dong, chitiéu 6n dinh van hanh cia
toa xe kéo theo doan tau tbc dd cao CRH2 trong
dai tbc d6 tr 0 dén 250km/h. Két qua tinh toan
chi ra rdng céac chi tiéu &n dinh van hanh cua toa
xe kéo theo CRH2 dwoc ddm bao & dai van téc
dwdi 250km/h. Két qua nghién ctu clha bai bao
c6 y nghia vé nghién clru va la tai liéu tham khao
hiru ich cho dw an dwdng sét téc d6 cao tuyén
Ha ndi — H6 Chi Minh khi lwa chon vé két ciu gia
chuyén hwéng cho toa xe kéo theo trong doan tau
tbc dd cao.

> Trong cac nghién clru tiép theo nhém tac gid
sé tiép tuc nghién ctru két clu gia chuyén hudng
cla toa xe dong lwc va két cAu téng thé toa xe kéo
theo, toa xe dong lwc & cac téc do thiét ké 250
km/h va 350 km/h O
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RESEARCH ON STRUCTURE AND DYNAMIC CALCULATION OF THE TRAILER BOGIE
OF THE CRH2 HIGH-SPEED TRAIN

Mai Van Tham, Nguyen Trung Hieu

ABSTRACT

Train structure and dynamics calculations have long been of research interest. Especially, the North-
South high-speed railway project is being researched for implementation. The article studies the typical
trailer bogie structure of the CRH2 high-speed train. Thereby, it has conducted research on the dynamic
model of the trailer, calculated the dynamics, and evaluated the operational stability criteria of the trailer.
The results are not only reference documents but also have practical significance for the North-South
high-speed railway project.
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