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Ung dung phan mém Universal Mechanism
(UM) trong mé phang dong luc hoc toa xe

Application of Universal Mechanism (UM) software in railcar dynamic simulation
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TGM TAT

Trong nghién cu va thigt ke phuong tien duang sét, ma hinh haa va
ma phang dang luc hoc ddu méy, toa xe dang vai tro quan trong
trong viec danh gia da dn dinh, an toan va chat legng van hanh. Bai
bao nghién citu img dung phan mém Universal Mechanism (UM) dé
xay dung ma hinh déng lyc hoc toa xe hang trén co si xay dung ma
hinh va lign ket céac ba phan nhur ba truc banh xe. than xe, mé gia.
heé thaing treo va tac dung tuong hé giira banh xe - ray. Trén co si
ma hinh nay, nghién citu tign hanh danh gia tinh nang dang luc hoc
cia toa xe khi thong qua duing cong. Két qué cho thay phan mém
UM la cong cu higu qua va phd hop cho nghién ciu déng lec hoc
phuong tign duang sét.

Tir khda: UM; dang lrc hoc; ma hinh; banh xe-ray; ma phang.

ABSTRACT

In the research and design of railway vehicles, the modeling and
simulation of locomotive and rolling stock dynamics play an
important role in evaluating stability, safety, and operational
quality. This paper studies the application of the Universal
Mechanism (UM) software to develop a dynamic model of a freight
wagon. The model is constructed by establishing and linking key
components such as the wheelsets, car body, bogie frame,
suspension system, and the wheel-rail interaction. This model is
then used to investigate the dynamic performance of the wagon
when negotiating curves. The results show that the UM software is
an effective and svitable tool for studying the dynamics of railway
vehicles.

Keywords: Universal Mechanism; dynamics; modeling; wheel-rail
interaction; simulation.

1.DAT VAN BE

Trong tinh toan thiét k& hodc kiém nghiém phuong tién dusng
sat thi dong luc hoc la mot trong nhiing ndi dung nghién ctu then
chét. Cung vdi su phat trién clia nganh dudng st, dac biét la dusng
sat téc d6 cao va dudng sit do6 thi, khi tinh toan thiét k&, kiém
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nghiém vé dong luc hoc doi héi cac phuong phap tinh toan phan
tich chinh xac.

Cac phuong phép th nghiém thuc té€ thudng gap nhiéu han
ché vé chi phi, thai gian va kha nang khao sat nhiéu diéu kién van
hanh khac nhau. Vi vdy, mé phoéng dua trén mé hinh dong luc hoc
da vat thé da tr& thanh xu huéng nghién ciu phé bién.

Phan mém UM dugc phat trién tai Trudng Dai hoc Ky thuat
Bryansk (Nga), sau nay dugc phat trién bai cong ty cong ty Cong ty
Universal Mechanism.

UM Ia phan mém chuyén dung cho mé phéng co hoc va phuong
tién dudng sat, cho phép mé hinh héa chi tiét tuong tac banh xe -
ray, hé théng treo va cac phan ti luc ctia phuong tién [1-3]. Bai bdo
nay tap trung trinh bay qua trinh {ng dung phan mém UM dé xay
dung mo6 hinh déng luc hoc toa xe hang, lam ca s& cho cac nghién
clu ti€p theo vé 8n dinh va dao dong.

2.NOI DUNG

2.1. Két cau tong thé gia toa xe hang QC

Gia chuyén huéng dung ma gia c6 két cau thép duc, céi chuyén
duc lién xa nhuan, gidm chan ma sat xa nhdn xa ham duc lién, kiéu
truot. Gia chuyén hudng st dung |6 xo trung uong thép tron, khéng
c6 hé théng 10 xo bau dau. Két cau va thong s6 ky thuat toa xe hang
strdung gia chuyén hudng QC (Hinh 1, Hinh 2) [4]:
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Hinh 1. Két cdu téng thé toa xe hang sit dung gid chuyén hudng QC

Bang 1. Cac théng s6 ky thuat cla toa xe hang s dung gia

chuyén huéng QC

STT Tham sé ky thuat Pon vi Gia tri
1 Khéi lugng than xe tan 52,5
2 Téc dd cdu tao km/h 100
3 Cu ly tdm 2 gia chuyén mm 10000
4 Culy truc mm 1650
5 Ban kinh banh xe mm 750
6 Tai trong truc tan 14
7 Tu nang gia chuyén tan 4,97
8 Trong lugng dudi 16 xo tan 6,716
9 Khoang cach gilta 2 vong lan mm 1070
10 | Bankinh thong qua bé nhat m 97
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1-L0 xo trung uong; 2- Bg truc bdnh xe; 3- Hé théng ham;
4- (6 chuyén hudng; 5- Md gid
Hinh 2. K&t cdu tdng thé gid chuyén hudng QC

Can ctrvao két cdu cua toa xe, trong qua trinh thanh 1ap mé hinh
xét dén céc lién két ngang gilia than xe va gia chuyén huéng, hé
théng treo. Phan tich mé phong déng luc hoc phuong tién dudng
sat 6 thé dugc thuc hién bang phuong phap mé hinh héa da vat
ran. Khi xay dung mé hinh, cac bé phan cau thanh déu dugc coi la
vat ran ly tuéng, do d6 anh huéng cua bién dang dan hoi dugc bo
qua, chi khi phan tich tinh dan hoi ctia két cau, hodc dao dong dan
hoi ctia két cau mai khao sat dén tinh dan hoi gitra cac bd phan vai
nhau, nhu gia chuyén hudng, than phuong tién, banh xe. Méi vat
thé ¢4 3 bac tu do chuyén dong va 3 bac tu do tinh tién, téng cong
la 6 bac tu do. Néu ldy trong tdm cua toa xe lam toa d6, bac tu do
dao dong tinh tién cia toa xe bao gém: dao doéng ngang, dao déng
thdng ding va dao dong doc; ba dao dong quay bao gém: dao dong
Ian ngang, dao déng gat dau, dao dong lac dau [6], [7].

2.2. Mé phdng ddng luc hoc ctia bd truc banh xe toa xe hang

M6 hinh banh xe cula toa xe bao gom 5 bac tu do: dao doéng
thang diing, dao déng nam ngang, dao déng lan ngang, dao déng
quay, dao dong lac dau. Trong qua trinh mé phéng banh xe cé thé
chuyén ddng trong khéng gian, dan dén sy dich chuyén vij tri theo
phuong thang ding cla banh xe nén khién cho banh xe va ray c6
thé tach rdi tai vi tri diém tiép xdc. M6 hinh mé phdng banh xe toa
xe nhu Hinh 3.

Cac bo banh xe dugc xay dung bang mé dun truc banh xe c6
san trong UM, Ung vdi cac tham s6 chinh nhu khéi lugng, mémen
quan tinh va ban kinh vong lan. Viéc sit dung mé dun tiéu chuin
giup dam bao tinh chinh xac va thuan tién trong mé phong tiép xuc
banh xe - ray. Cac budc xay dung mé hinh bo truc banh nhu hinh
dudi.
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Hinh 3. M phdng b0 truc banh xe

Trong phan mém UM, tiép xuc banh xe - ray dugc mé phong
trén co s st dung bién dang banh xe va ray thuc té&, két hop vai mo
hinh lyc ti€p xdc phap tuyén va lyc trugt tai viing tiép xdc. Bén canh
d6 con mé ta chinh xac chuyén déng truot gitta banh xe va ray, cho
phép phan tich chi tiét dao dd6ng ngang cla bé banh xe. Cach tiép
can nay giup mo phdng mot cach chinh xac tuong tac banh xe - ray
trong cac diéu kién van hanh khac nhau, qua dé nang cao dé tin cay
clia cac két qua phan tich dong luc hoc phuaong tién dudng sat.
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Hinh 4. M0 phdng tiép xdc banh xe - ray

2.3. M phéng gia chuyén huéng toa xe hang

Mé hinh gia chuy&n huéng gém hai ma gia, xa nhan, hé 16 xo
trung uong st dung cac t8 10 xo thép tron cé dd clng theo ba
phuong va hé théng gidm chan ném ma sat. M6 hinh mé phong gia
chuyén huéng dugc thé hién trong Hinh 5.
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Hinh 5. M phéng gia chuyén hudng

2.4. M6 phéng than toa xe hang
M6 hinh théan toa xe bao gém: dao dong gat dau, dao déng
ngang, dao déng lan ngang, dao déng thdng ding va dao déng lac
dau. Nhu vay mo hinh dong luc hoc clia toa xe bao gém 45 d6 tu do.
M6 hinh than toa xe dugc thé hién trong Hinh 6.
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Hinh 8. M hinh 3D tinh toan dong luc hoc clia toa xe hang

3. DANH GIA TINH NANG PONG LUC HOC CUA TOA XE KHI
THONG QUA PUONG CONG

Dung phan mém UM dé khao sat toa xe hang théng qua dudng
cong ban kinh 600 m, bao gém doan dudng thing, dudng cong hoa
hoan, doan cong.

Bang 2. Thong s6 dudng cong mé phong

Ban Téc | Do siéu Chiéu Chiéu dai Chiéu
kinh do cao dai dudng dai
dudng [Km/ [mm] dudng cong hoa dudng
cong h] thang hoan cong
[m] [m] [m] [m]
600 60 90 100 200 200

Bang 3. Cac chi tiéu an toan khi théng qua dudng cong [8]

Chitiéu Luc dan Luc thdng Hé s6 chéng
hudéng dung trat ray
[kN] [kN]
Tri s6 cho 52 160 1.2
phép

Hinh 6. M6 hinh than toa xe

Hinh 7. Than toa xe va thiét Iap cac lién két

2.5. M6 hinh ddng luc hoc ctia toa xe hang

Mé hinh toa xe dugc xay dung trong phan mém UM bao gobm
nhiéu thanh phan ca ban nham moé phéng day du dac tinh dong luc
hoc clia hé théng. Hé ca hoc clia mé hinh dugc cau thanh tir cac
cum chi tiét dugc xay dung nhu phan trén, bao gém than xe, ma gia
chuyén hudng, xa nhun, hé théng treo. Théng qua viéc thiét 1ap lién
hét gilia cac cum chi tiét dé tao ra mé hinh déng luc hoc 3D nhu
Hinh 8.
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K&t qua luc din hudng, luc thang ding va hé sé trat ray nhu
Hinh 9, Hinh 10 va Hinh 11.

Laec i hardmg (KN
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Hinh 9. Luc dan hudng
Trén Hinh 9 c6 thé thay, luc dan hudng cda truc 1 va truc 3 1a ¢
gia tri 16n nhat bdi vi né la cac truc dan clia toa xe va cu thé né la luc
dan huéng phia bén trai cia truc banh xe 1 va truc banh xe 3. Tri s6
I6n nhat cGa no6 nhu tinh toan 1a 33.51 kN, khi d6 van chua 16n hon
tri s6 cho phép do d6 van théa man chi tiéu an toan. Théng qua dé
thi thi van dé khi vao dudng cong hoa hoan thi xay ra bién déng vé
tri s6 luc dan hudng la I6n nhat, tri s8 16n nhat 1a diém cudi cha
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dudng cong hoa hoan bat dau vao doan cong da dugc ching minh.
Va thyc té€ khi doan tau di vao dudng cong hoa hoan cliing dé xay ra
trat ray nhat.
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Cuiding dwimg (k)
Hinh 10. Luc thang diing
Trén Hinh 10 c6 thé thay qui luat bién thién luc thdng ding gilia
banh xe bén trai la ngugc nhau. Tuong tu nhu luc dan hudng thi truc
1 va truc 3 la co gid tri I6n nhat bai vi n6 1a cac truc dan cla toa xe
va cu thé né la luc thédng duing phia bén trai clia truc banh xe 1 va
truc banh xe 3. Tri s6 I6n nhat clia nd nhu tinh toan la 82.76 kN, khi
d6 van chua I6n hon tri s6 cho phép do d6 van théa man chitiéu an
toan.
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Hinh 11. Hé 56 chdng trét ray

Trén Hinh 11 c6 thé thay thay qui luat bién d6i cda hé s6 chéng
trat ray giéng nhu qui luat bién thién cla luc dan huéng. Do do6 hé
s6 chéng trat ray c6 gia tri I6n nhat & phia bén trai truc 1 va truc 3.
Gia tri I6n nhat la 0.396, phu hgp vai chi tiéu an toan.

4, KET LUAN

Noi dung bao bao da nghién ctu Ung dung phan mém mo
phdng dong luc hoc UM dé mé phdng mé hinh tinh toan dong
déng luc hoc clia toa xe hang. Ung dung mé hinh nay dé danh gia
tinh nang dong luc thong qua dudng cong clia toa xe. Qua két qua
tinh toan thay rang cac chi tiéu an toan théng qua dudng cong déu
dat tiéu chudn clia dudng sét.

Phan mém UM cé thé duoc ing dung trong qua trinh tinh toan
thiét k& phuong tién dudng sat, tinh toan kiém nghiém dé nang cao
tinh nang dong luc hoc clia phuong tién dudng sat cho két qua cé
do tin cay.
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