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Trong phan tich hao mon gitta banh xe va ray, luong hao mon dugce
quyet dinh boi cac tham so trong ving tlep xtce nhu: dién tich tiép
xuc, lyc phéap tuyén, luc truot dan hoi va suét truot dan hoi.... Tuy
nhién, sir dung cdc md hinh van dong tiép xuc khac nhau thi két qua
tinh toan cac tham sb trén sé khac nhau, do d6 do chinh xac khi xac
dinh hao mon banh xe ciing khac nhau. Bai bao trinh bay két qua
nghién ctru tinh ton cac tham sb trong ving tlep xuc. Phén tich, so
sanh d¢ chinh xac gilta cac mo hinh, lam can ctr dé Iya chon mé hinh
tiép xuc hop 1y cho qua trinh x4c dinh hao mon banh xe.

Abstract
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In the analysis of vehicle wheel wear, the extent of wheel wear is
directly dependent on the contact spot area, normal force, creepage force
and creepage rate etc. Different wheel and rail rolling contact theory will
give different results of the aforementioned parameters, thus the
accuracy of wheel abrasion simulation results also varies. This paper
presents the research results of calculated parameters in the contact spot
of wheel and rail. The precision of different contact theories is compared
and analyzed, which provides a basis for the selection of wheel and rail
rolling contact theory in wheel wear simulation.
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1. GIOI THIEU

Tiép xtc gitra banh xe va ray la van dé trong tdm ctia nghién ciru mai mon banh xe. Trén
thé gidi co nhiéu tac gia di tién hanh thi nghiém va dua ra cic mo hinh tiép xtc khac nhau, sir
dung cac m6 hinh nay trong qua xac dinh hao mon banh xe s& cho két qua khac nhau.

Dm voi tlep xuc theo phuong phap tuyen chii yéu 1a x4c dinh tng luc tiép xac va hinh
dang tiép xtic, d6i v6i phuong tiép tuyén chi yéu xéac dinh lyc truot dan h01 phan bd ving nén
va ving truot. Khi lya chon md hinh tinh toan, can khao sat két hop giita 2 yéu t6 1a d¢ chinh xac

va toc do tinh toan.
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Nbi dung ctia bai bao gidi thiéu mot s6 md hinh vé tiép xic giita banh xe va ray, trinh bay
két qua trinh todn céc tham so6 trong vung tiép xic theo phuong phap tuyén, dong thoi phan tich
so sanh d¢ luya chon m6 hinh toi uu nhat.

2.COSO LY THUYET

2.1. M hinh tiép xiic ctia Hertz

Niam 1881, Hertz tién hanh nghién ctru vé tiép xuc cua hai vat thé dan hoi, dong thoi cho
rang, trong trang thai binh thuong, hai vat the dan hoi tlep xuc véi nhau thi hinh dang dién tich
tlep xtic 14 1 elip. Khi hai vat thé dan tinh tiép xiic, diém tiép xuc 1a O, ¢ thé dung ham bac 2 dé
biéu dién bé mat cua hai vat thé dan tinh, hai bé mat d6 duge biéu dién nhu cong thuc 1 [1,2,3].

lefi(xay) Zzzfé(xay) (1)

Hinh 1. Bén kinh tiép xuc cta hai vét thé dan tinh

Khoang cach giira 2 vat thé dan tinh theo phuwong phap tuyén ding cong thirc (2) biéu thi:
z,+z,=Ax*+ By’ (2)

Trong do:

A, B: Hing s6 ;

x, y: Truc doc va truc ngang cua h¢ toa do.

Gia tri ciia A va B quyét dinh boi ddc trung tiép xtic hinh hoc va quan hé tiép xuc giita hai
vat thé dan tinh, n6 dugc bi€u thi nhu cong thic (3).
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Trong do:

€ L : Nghich dao ban kinh theo phwong x va phwong y tai diém tiép xuc cuia vat thé

Rll R12
dan hoi thir nhat.
RL,R—: Nghich dao ban kinh theo phuong x va phuong y tai diém tiép xtic ciia vat thé
21 22
dan hoi tht hai.
o Goce gitra 2 mat phang tiép tuyén clia hai vat thé dan tinh tai diém tiép xuc.
Khi banh xe va ray tiép xtic voi nhau, truc x 1a phuong chuyén dong ciia dau may, toa xe,

tryc vudng goc voi truc x 1a truc y, goc a bang 0. Ry, 1a ban kinh vong lin ciia banh xe tai diém
tiép xtic, R;, ban kinh be mit ngoai cia mdt cit ngang banh xe, Ry 1a v6 cung 16n, Ry, 13 ban
kinh bé mit ngoai mit cit ngang cua ray.

Hinh 2. Hinh dang vét tiép xuc cua tiép xuc Hertz

‘ Néu goi a va b 1a hai ban truc cua ving tiép xtc c6 dang elip, c6 thé can cir cong thirc sau
de tinh toan phan bo luc tiép xtc theo phuong phéap tuyén:

3N Epo@dy
P =32 -y - @

Trong d6: N: Tai trong theo phuong phép tuyén.

2.2. M hinh tiép xiic ban Hertz

Mb hinh nay chia viing tiép xtic thanh K dai theo chiéu doc c6 bé rong bang nhau, m01 dai
c6 bé rong Ay, 1 truc dai theo phuong doc cua dai thtr i. Khi d6 cac hé sb A, B trong tiép xtc
Hertz dugc bién d6i nhu sau [4]:

2
n.
A.=|—+| B
cl [m J 1 (5)

Trong do: ni, m;: HE s6 Hertz
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>

Hinh 3. Phén chia ving tiép xtic thanh cac dai

Do ban kinh tai vang tiép xtic khong phai 1a hang s, do do khe hé giira 2 vat thé dan tinh
dugc dung cong thue sau dé tinh:

Z(xayi)=Zw(yi)_zr(yi)+Acix2 (6)
Trong do:
z(x,y.) : Khe ho theo phuong phép tuyén giita ray va banh xe tai dai thi i.
z,(y,) va z.(y,): Vitri theo phuong phap tuyén ctia banh xe va ray.
Ung luc theo phuong phap tuyén va tiép tuyén cua dai thir y dwoc tinh nhu cong thire sau:

4 1 E hoa 1
0., (x)= (- ()L — (7)
3z nr 1-v a, a, acg
o, ==2GC,, &, (1- )% (8)
- 8 T a. a
3 2 |n, X, q
0,;= (= GCZZ,igv,i +— _GC23,,'¢,' (a, +x))(1-—)—+ )
8 om\m, a, a

Trong do
o, Ung lyc tiép xtic theo phuong phap tuyén ;
Ciyy Owi Ung luc tieép xac theo phuong doc va phuong ngang cua dai thi i;

X,i

Sein &vag: Suit truot dan hdi theo phwong doc, phuong ngang va trugt xoay.

2.3. M6 hinh phi Hertz 3 chiéu ciia Kalker

Kalker can cir vao nguyén ly vé lyc hoc dan tinh, ddng thoi dwa vao cong thirc vé mdi quan
h¢ giita lyc va dich chuyén cta Bossinesq-Ceruti dé dua ra nguyén ly vé du nang. Trong qua
trinh nghién ctru, tac gia chia viang tiép xtic thanh dang ludi gdm nhiéu 6 vudng (don nguyén)
nhu hinh 4. Nguyén 1y vé du ning nhu sau [5,6]:
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1
minC = 5 =P APy + {(ZOJ QP+, qu)])Jr} 4

Py

P20, |P,|<b, Vxed, (10)

K
AY Py =P

Trong do: ‘

i,j=1,2,3: Biéu thi 3 phuong cua hé toa do tiép XUC X, X2 VA X3,
C: Du ning ctia h¢ thong.

I, J: Vi tri don nguyén trong viing tiép xc. ‘

Ay Hé s6 anh huong cia luc va do dich chuyén.

Pji: Luc tac dung tai don nguyén I theo phuong i.

Py Lyc tac dung tai don nguyén J theo phuong j.

zos: Khe ho tlep xtc theo phuong phap tuyén tai don nguyén J.
¢: Khe ho tiép xuc tai gbe toa do.

uy: Luong truot.

W.: Luong truot cing tuong ddi gitta banh xe va ray tai don nguyén J.
Aop: Dién tich cua don nguyén.

by: Luc ma sat cuc han tai don nguyén J.

P: Tong lyc theo phuong phap tuyén.

K: Tong sb don nguyén.

A.: Ving tiép xtc.

AT]

0 Yo

ARN: F,,

XBI/ |1

N ———

A
5 ¢

Hinh 4. Chia ving tiép xuc thanh dang ludi

Tt nguyén ly nay, Kalker da dua ra mé hinh tinh toan CONTACT, c6 thé tinh toan dugc
cac tham so trong vung tlep xuc. Day la mé hinh hoan thién nhét trong linh vuyc tiép xic gitra
banh xe va ray, tuy nhién toc do tinh toén rat cham, thoi gian tinh toan dai. Do d6, md hinh nay it
dugc ding trong cac cong trinh tinh toan hao mon ma c6 khdi lwong tinh toan 16n, chi dung lam
mo hinh chuan dé danh gia d6 chinh xac ciia cac mé hinh khac!”

3. KET QUA VA THAO LUAN

Dé phan tich, so sanh giita cac md hinh, tién hanh tinh toan va so sanh vé hinh dang tiép
xuc, dién tich tiép xuc va tng luc tiép xtc theo phuong phap tuyén. Bién dang mit lan banh xe
va ray sir dung trong qua trinh tinh todn la mat 1an banh xe dau may D19E va ray loai P43.
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Khi banh xe ‘;iép xiic v6i ray, sir dung mo hinh tiép xtic Hertz, md hinh ban Hezt, va mo
hinh CONTACT d¢ tinh toéan, két qua hinh dang cta vung ti€p xtic nhu hinh 5 va hinh 6, dién
tich tiép xuc va tng luc tiép xtic 16n nhat nhu bang 1.

1z 8 4 0 4 3
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Hinh 5. Hinh dang tiép xuc khi truc banh dich chuyén ngang Omm
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Hinh 6. Hinh dang tiép xtc khi truc banh dich chuyén ngang 6mm

Bang 1. Dién tich tiép xtic va timg luc tiép xtc 16n nhat

Mo hinh Truc banh dich chuyén ngang 0mm Truc banh dich chuyén ngang 6mm
Dién tich tiép xiic Ung luec tiép xiic I6n | Dién tich tiép xic Ung luec tiép xiic 16m
(mm®) nhit (MPa) (mm®) nhit (MPa)
Hertz 71,32 1447,3 64,14 1495,7
Ban Hertz 87,41 1041,2 79,78 1203,8
Contact 82,18 1101,5 81,94 1165,2

Tir hinh 5,6 va bang 1 cho thdy, khi bd truc banh dich chuyén ngang Omm, hinh dang tiép
xtic khi st dung mo hinh ban Hertz va mo hinh CONTACT gan nhu nhau, hinh dang tiép xuc
tinh theo md hinh Hert khéc biét rat 16n. Ung luc tiép xtic theo mé hinh Hertz 16n hon so véi cac
mo hinh khac.

Khi bd truc banh dich chuyén ngang 6mm, hinh dang tiép xtc khi sir dung mé hinh Hertz
khac nhiéu so véi khi sir dung cdc md hinh khac. Str dung mé hinh ban Hertz, hinh dang tiép xtc
gan v6i két qua ctia mo hinh CONTACT. Ty 1¢ dién tich tiép xiic giira m6 hinh Hertz va mé hinh
CONTACT 14 0,78, giita m6 hinh ban Hertz va va mé hinh CONTACT 14 0,97. Ung luc tiép xtic
16n nhit theo phwong phéap tuyén khi sir dung mé hinh Hertz 16n hon so véi két qua ctia md hinh
CONTACT 1,28 lan, két qua ctia mo hinh ban Hertz so v&i mo hinh CONTACT Ia 1,03 lan.
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Nhu vy, tai 2 vi tri cta truc banh xe, Kkét qua tinh toan theo mo6 hinh ban Hertz déu gﬁn voi
két qué tinh toén theo md hinh CONTACT. Tuy md hinh CONTACT la md hinh hoan thién nht,
két qua tinh toan c6 do chinh xéc cao nhat, nhung qua qua trinh tinh toan thuc té cﬁng nhu nhiéu
tai liéu chirng minh tc do tinh todn cua md hinh nay cham, thoi gian tinh toan dail’

Trong tinh toan, phén tich vé hao mon thi khdi luong tinh toan rat 16m, do do téc do tinh
toan vé tiép xic 1a mot trong nhitng nhan t§ quan trong quyét dinh mo ‘hinh ¢6 duoc tmg dung
trong cic cong trinh tinh toan hay khong. Lya chon mo hinh tinh toan can xem xét két hop gitra
d6 chinh xéac va toc do tinh toan. Tir két qua trén cho thiy, két qua tinh toan khi sir dung mo hinh
ban Hertz gan voi két qua ctia md hinh CONTACT hon mé hinh Hertz, dong thoi toc do tinh
toan nhanh hon so md hinh CONTACT, do d6 kién nghi sir dung mé hinh ban Hertz trong qua
trinh xac dinh hao mon banh xe.

4. KET LUAN

Bai bao da trinh bay mot s6 md hinh tiép xuc gitra banh xe véi ray va két qua tinh toan,
dong thoi tién hanh phaén tich va so sanh. Déi véi tiép xuc theo phuong phap tuyén, mé hinh ban
Hertz cho két ‘qua gan v6i m6 hinh CONTACT hon mé hinh Hertz, do d6 khi tinh toan thong 5O
trong ving tiép xtc, lwra chon mo hinh ban Hertz s& cho két qua co6 d6 chinh xic cao hon. Két
qué cua bai bao 14 tién d& cho qua trinh xac dinh hao mon banh xe dau may sau nay.
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