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Abstract. In order to predict fatigue crack initiation life of railway axle of MC cargo wagons,
the structural dynamics analysis of finite element model of wheel-axle assembly was carried
out under load time histories with the effects of vertical dynamic load factor and contact stress
of interference fit between wheel and axle are considered. The stress time histories, as the
results of structural dynamics analysis, were used to calculate the fatigue life of railway axle
based on the nominal stress-life method. The S-N curve of material was established and
corrected by using Goodman formula and p(%) probability of survival. The calculate results
show that: with p(95%) probability of survival or railway wagons speed of 60 km/h, the
railway axle ensures design life requirements according to QCVN 87: 2015/BGTVT.
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Tom tit. Bé du béo tudi tho dén khi xuat hién vét nat moi cho truc banh xe cua toa xe hang
MC, phan tich dong luc hoc két cau duoc thuc hién véi md hinh phan tir hitu han caa b truc
banh xe dudi tac dung cua tai trong trén mién thoi gian c6 ké dén anh huong cua hé sé tai
trong dong thang ding va (g suat méi lap ghép c6 do ddi gitra truc va banh xe. S liéu tng
Suat trén mién thoi gian, co duoc tir két qua phan tich dong luc hoc két cau, dugc dung dé tinh
toan tudi tho moi cho truc banh xe trén co s phwong phap wng suat danh nghia. Buong cong
moi S-N cua vat ligu dugc xay dung va hiéu chinh theo tng suat trung binh bang cong thuc
ciia Goodman va phan trim xéac suat khdng hong. Két qua tinh toan cho thay: V6i xac Sut
khong hong p(95%) hoic van toc toa xe 1a 60 km/h, truc banh xe déu dam bao yéu cau vé tudi
tho thiét ké theo QCVN 87: 2015/BGTVT.

Tur khéa: truc banh xe, toa xe hang, tui tho dén khi xuat hién vét nit moi, phuong phap img
suat danh nghia, mo hinh phan tir hiru han, phan tich dong luc hoc két cau.

© 2020 Truong Dai hoc Giao thdng vdn tdi

1. PAT VAN DE

Trong cac bd phan chay xe cua diu may - toa xe, thi truc banh xe 1a mot trong nhiing
két cAu chiu tai quan trong. Trong van hanh, truc banh xe thuong xuyén chiu tai trong dong va
tai trong thay déi c6 chu ky, vi vay truc banh xe c6 yéu cau vé do bén va do bén moi cao. Khi
nghién ciru vé d6 bén va do bén moi cua truc banh xe cua dau méay — toa xe, mot sO tac gia da
ap dung cac phuong phap phan tich ¢ ca giai doan Xuat hién vét niat moi va giai doan phat
trién vét nat moi dé du bao tudi tho moi va xac dinh do tin cay cua chi tiét [1, 2, 3]. Dong
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thoi, cac nghién ciru thuc nghiém vé do bén mai ciing duoc tién hanh nham xéac dinh cac dic
trung moi cua vat liéu va nang cao an toan van hanh cho truc banh xe [4, 5]. O trong nuéc,
mot s6 md hinh ly thuyét va phuong phap phan tich moi da dugc &p dung khi nghién ctru do
bén moi cho céac két cau chay xe trén dau may D9E [6]. ]. Trong do, phuong phap ly thuyet
ddng dang pha huy moi dugc mot s6 tac gia nghién ciru phat trién va &p dung cho cac két ciu
chay xe trén dau may D19E [7].

Tuy nhién, cac nghién ctru trong nudc vé do bén moi két ciu chay xe phan 16n tap trung
cho dau may diesel, ddi véi toa xe thi sb lugng cac nghién ciru con han ché [8]. Trong bai béo
nay, trén co sé md hinh phan tir hitu han (PTHH) caa bo truc banh xe, tac gia tién hanh
nghién cau du béo tudi tho dén khi xuét hién vét nit moi (Fatigue crack initiation life) cho
truc banh xe cua toa xe hang MC (ch¢ container) dudi tac dung cua tai trong thay doi trén
mién thoi gian, c6 ké dén anh huong cua trang thai lip ghép giitra truc va banh xe, hé sb tai
trong dong phu thudc van toc toa xe va xac suat khdng hong.

2. XAY DUNG MO HINH PTHH CHO BQ TRUC BANH XE

Truc banh xe dugc ché tao tir thép A2, ¢ gigi han bén g, ~ 650 + 750 N/mm?, giGi han
chay og_min ~ 360 N/mm? [9], duong kinh danh nghia ¢ truc lap banh xe d = 178 mm.
Banh xe dugc ché tao bang phuong phép can, rén hoic duc, duong kinh danh nghia vong tron
lan 2R = 0,78 m. Vit liéu ché tao banh xe 1a thép C64GW-T-A hoic GC64GW-T-A, cd gidi
han bén o, ~ 930 + 1130 N/mm?, gigi han chay o,_i, ~ 740 N/mm? [10]. Lap ghép gitra
banh xe va truc banh xe 12 1ap ghép c6 d6 ddi vai do doi J = 0,17 + 0,292 mm [11].

Hinh 1.M& hinh PTHH cua b truc banh xe. Hinh 2. Phan bé wng suat Von-mises
trén truc, oy (N/mm?).

Dé xem xét anh huong ciia mdi lap ghép co do doi giira truc va banh xe thi can thiét
phai xay dyng mé hinh PTHH cua ca truc va banh xe. Khi xay dyng mé hinh PTHH bang
phan mém ANSYS, gia thiét: bo qua cac goc luon, canh vét va 16 nho khdng anh hudng nhiéu
dén @6 bén cua két cau; doi doi 1ap ghép giita truc va banh xe J = 0,2 mm. Str dung phan tir
Solid45 dé chia ludi PTHH kiéu luc dién cho truc va banh xe voi tham sé vat liéu: khdi luong
riéng, & ~ 7,8x10® kg/mm®; mé dun dan hoi, E =~ 2,1x10° N/mm?; hé sb Poisson, u =~ 0,29. Bé
mo phong cac bé mat tiép xuc giita truc va banh xe, st dung cap phan tir tiép xic Targel170 va
Contal74. M6 hinh PTHH cta bg truc banh xe nhu trén Hinh 1, gém 103547 diém n(t
(nodes), 89840 phan tir (elements) Solid45 va 5120 phan tir Targe170 va Contal74. Mdi lap
ghép co do doi giira truc va banh xe s& gay ra tng suat ban dau trén truc, nhu trén Hinh 2 1a
phan b tng suat twong dwong Von-mises (ay), VSi 0y _max = 56,64 N/mm?,
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3. XAC PINH TAI TRQNG TAC PONG LEN TRUC BANH XE

Nhu da biét, moi 1 hién twong két cu khi chiu tac dong cua tai trong thay déi c6 chu
ky s& lam tinh vinh ciru tai mot hodc mot sé diém cua két cu co sy ton hai nhit dinh. Khi van
hanh, truc banh xe chiu nhiéu loai tai trong khac nhau, c6 tan s6 va bién d6 xac dinh hoac
ngau nhién, nhu: tai trong thing ding do cac khdi lugng phia trén truc banh xe, tai trong dong
do duong ray khéng bang phang va dao dong cua khéi luong phia trén 10 xo, luc quan tinh khi
phanh va khi toa xe vao duong cong, tai trong do gi6 ngang, ... Khi nghién ctru do bén moi
cua két cau chay xe, mot sb cong trinh sir dung pho map mo cua duong ray dugc tiéu chuan
héa [3] hoic coi bién dang dudng ray c¢6 dang ham diéu hoa, thdng qua md phong dong luc
hoc dé xac dinh tai trong tac dong 1én két cau [8, 12].

V 2n
R o 1)
u u
P:f x +Pd ¥ (2)
_, =—P;sin(ot);P,_, =—P, cos(ot)
u u '
= Pk—x + P.l'(—rl'

. =—P.sin(or+n/2);P,_, =—F cos(ot+m/2) ®)

Hinh 3. Tai trong tac dong Ién tryc.

Trong bai béo nay, gia thiét: toa xe chuyén dong on dinh véi van toc khong doi, tai
trong tac dong 1én mdi ¢b truc 1ap 6 bi cua truc banh xe bao gom tai trong thang dung (Pq) do
cac khéi lugng phia trén truc banh xe va luc kéo doc theo chiéu chuyén dong cua toa xe (Px),
nhu trén Hinh 3. Céc tai trong dugc phan thanh hai thanh phan theo phuong X va Y ¢6 dang
ham diéu hoa véi tham sé bién tan phu thudc van téc chuyén dong cua toa xe (V, véi van toc
toc toi da cua toa xe hang, Vimax = 100 km/h [13]) va duong kinh vong tron lan ciia banh xe
(2R) theo cac cong thuc (1), (2) va (3). Trong d6, Pa c6 ké dén hé sb tai trong dong thang
dung (Ka.y) do duong ray khdng bang phang gay ra dao dong ciia khdi lwong phia trén 10 xo.
Gia thiét banh xe khong bi truot quay, luc kéo (Px) bang luc bam va hé sé bam khong phu
thugc van téc, ta co [13]:

% _9

P=P= 17,17 (kN 4
=P =2 1g 1747 () @
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f = (Mg + g, ) g~ 37,45 (mm) ®)
kZ

Trong d6: P, — luc bdm twong &ng vai trong luong bam cho phép dat 18n mdi truc; ¢ - hé sb
bam giira banh xe va ray, ¢ = 0,25; Pyy — tai trong tinh thang dung tac dung 18n mdi truc; f; —
d6 nhun tinh do khéi lugng phia trén 10 xo; qo - tai trong cho phép dat 1én mdi truc, qo =
14000 kg; mo — khéi lugng toan b toa xe khi day tai, mo = 56000 kg; mi — khdi lwong mot bo
truc béanh xe, my = 916 kg; mwn — khéi luong thung xe khi day tai, mn = mo - 2mge = 49200 kg;
mge — khdi luong mot gia chuyén huéng, Mge = 2 My + 2Mmg + My = 3400 kg; Mmg — khoi
lwong Mot ma gia, Mmg = 599 kg; My — khi lugng mot xa nhun, man = 370 kg; Ngec — sb luong
gia chuyén hudng trén mot toa xe, nNge = 2; Nir — 56 lugng b truc banh xe trén mot gia chuyén
huéng, ny = 2; g — gia toc trong trudng; a va ¢ — hé so thuc nghiém cho b phan dudi 10 xo
cta gia chuyén huéng, a = 3,5 va ¢ = 0,569; b — hé sb thyc nghiém, b = 0,05; d — hé s6 thuc
nghiém d6i vai toa xe hang, d = 1,65. V — van téc chuyén dong toa xe (km/h). Xem xét & bdn
gia tri van toc cua toa xe khac nhau, tinh duoc cac gia tri Kq.y, Pg va tham sé bién tan cua tai
trong tac dung, nhu trong Bang 1.

Bang 1. Gia tri Kgy, P4 va tham sb bién tan theo vén téc toa xe.

Van téc toa xe V (km/h) Kay Py (KN) T (s) w (rad/s)
40 1,30 83,45 0,22 28,49
60 1,33 85,17 0,15 42,74
80 1,35 86,88 0,11 56,98
100 1,38 88,59 0,09 71,23

4. PHAN TiCH PONG LUC HQC KET CAU

Interface node - INs

Khdng ché UX, UY, Uz, %% ~—__ Khdng ché UX, UY, ROTY,
ROTY, ROTZ ROTZ

Hinh 4. Biéu kién bién khi phan tich dong luc hoc két cau.

Phan tich dong luc hoc két cdu dudi tac dung cua tai trong thay ddi trén mién thoi gian
nhim thu duoc chu trinh tng suit ciia cac diém nat (nodes) ctia mé hinh PTHH dé dung cho
tinh toan tudi tho moi. Bé dit luc 1én mo hinh PTHH, tai hai vi tri trung tdm cua hai ¢d truc
lap 6 bi, thiét 1ap hai diém nut ngoai (Interface nodes - INs) doc lap véi truc va nam trén
duong tam truc. Cac diém nut INs lién két v6i cac diém nat trén bé mat co truc lap 6 bi bang
lién két cing da diém (Multipoint constraint - Rigid region), nhu trén Hinh 4. Cac diém nit &
vi tri tiép xdc véi ray (tai mot phan cua mat 1an va loi banh xe) cua mot bén banh xe duoc
khdng ché 5 bac ty do: 3 bac tu do tinh tién UX, UY, UZ va 2 bac ty do quay quanh cac truc
ROTY, ROTZ. Cac diém nut twong tng caa bén banh xe con lai khéng ché 4 bac ty do: UX,
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UY va ROTY, ROTZ. Tai cac diém nit INs, dit cac thanh phéan luc Pgx, Pd.y, Pix VA Pky dudi
dang ham di€u hoa nhu cong thic (2) va (3) véi tham so bién tan phu thude van toc toa xe
duoc cho trong Bang 1, gia tri Px = const = 17,17 kN.

Tién hanh phan tich dong luc hoc két cAu vé6i thoi gian t = 2 gidy, voi bude thoi gian
(time increment) At = 0,01 gidy, twong tmg véi 200 budc tai trong. Trén Hinh 5 1a phan bd
mg suit Von-mises cua truc twong Gng voi budc tai trong tht 2 & cac truong hop toa xe
chuyén dong vé6i van toc V = 60 km/h va V = 100 km/h. Thong qua khao sat & cac budc tai
trong khac nhau, ¢ thé thay: khu vuc tap trung tmg suit thudng xudt hién & bé truc lip banh
xe va phan goc luon chuyén tiép thir nhit gitra ¢ truc Iip 6 bi va bé truc lip banh.

a) Véi V = 60 km/h. b) Véi V = 100 km/h.

Hinh 5. Phan bé &g suat Von-mises cua truc & budc tai trong tha 2 (t = 0.02 gidy).
5. DU BAO TUOI THQ MOI CUA TRUC BANH XE

Pé tinh toan tudi tho cho dén khi xuét hién vét nirt moi (Fatigue Crack Initiation Life),
bai bao Iya chon phuong phap phan tich do bén moi theo ung suat danh nghia (Nominal
stress-life method) [14] bang phan mém Ansys15.0 nCode-DesignLife.

5.1. Xdy dung dwong cong méi S-N ciia vét liéu va mé hinh tén hai méi tich liy

Puong cong moi S-N 1a quan hé giira pham vi bién thién ung suat (S) va sé chu trinh dan
dén xuat hién vét nit moi hay tudi tho moi (N) nhu trén Hinh 6. Trong d6, Sri1 - pham vi tng
suat twong tng véi N = 1; S; - pham vi ang suat twong tng véi N = 10%; Se - gidi han moi
tuong @ng véi Ne1 = 10° + 107; by va by - g6c nghiéng cua cac doan thang. Cac gia tri nay
dugc phan mém Ansys nCode-DesignLife tinh gan dung theo cong thuc (9) [15].

28,

(N 1)b1’
(gs.-1g8) b )
"7 (IgN,-3) " 7T (2+h)

S,~090,; S,~0.3570,; S, ~

Tuy nhién, duong S-N Iy thuyét duoc xay dung véi xéac suat khéng hong p(50%) khong
dam bao yéu cau vai két cau co khi. Tudi tho Np véi xac suat khong hong 1a p(%) duoc tinh tir
do lech chuan SD (Standard deviation) so véi Nsog theo sai s6 chuan SE (Standard error) ciia
IgNp, v&i méi quan hé giira SD va p(%) nhu trén Hinh 7 [15]. Buong cong S-N ¢6 ké dén p(%)
dugc goi 1a duong p-S-N. Vi du: véi vat liéu thép, chon SE = 0,1, véi xac suat khong hong 1a
p(97,7%) ta c6 SD = -2. Nhu vy, tinh duoc: IgNe7,796 = IgNso% - 0,2 — Ng7.79% ~ Nsgoex 10702,
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Mit khac, duong S-N duoc xay dung véi chu trinh ¢ng suat dang tuan hoan ddi xung voi
pham vi bién thién ¢ng suat S = const va tng suat trung binh Sy = 0. Bdi vai chu trinh voéi
{rng suit ngau nhién va c6 Sm # 0, phan mém sir dung thuat ton giot mua (Rainflow-counting
algorithm) [16] dé théng ké chu trinh &ng suit thanh cac mac pham vi Si vé6i s6 chu trinh
tuong ung la n.

3 4
SD
2 4
1
0 p(%)
1 1I0 2I0 3I0 4I0 50 6I0 I 8I0 9I0 1(I)0
N 2
-3
Hinh 6.Buong cong moi S-N. Hinh 7. Quan hé giira SD va xac suat khong
hong p(%).
Déng thai, sir dung phuong phap hiéu chinh S theo Sm theo cong thac Goodman [14]:
S
S=2S |1-—= (10)
Oy

Bai bao st dung md hinh ton hai moi tich liy tuyén tinh caa Miner [17] thong qua cac
cong thuce (11):

W n kin m
S _-D 2 —4 D =D
woN P va .Z‘N le , (11)

Trong d6: Wi - nang luong hap thu do muc &ng suat S véi ni chu trinh, i =1, 2, ..., k; W - gidi
han niang luong hip thu trude khi xuat hién vét nit moi; Di va Ni — trong ang 1a ton hai moi
tich lity va tudi tho dén khi xuat hién vét nat moi khi chiu tac dong caa ni chu trinh véi pham
vi tng suat Si, khi D = 1 s& xuat hién vét nat moi

5.2. Két qua tinh toan tudi tho méi cho truc banh xe

Két qua phén tich bang phén mém Ansys15.0 nCode-DesignLife cho thay: vi tri c6 tuéi
tho moi thap nhat (Nmin) ctia truc nam & phan goc luon chuyen tiép thir nhat giira co truc lap 6
bi va b¢ truc lip banh xe, nhu trén Hinh 8. Phan bé truc 1ip banh xe tuy ciing la vang co6 ng
suat cao, nhung lai co tudi tho moi rat 1on. Pidu nay c6 thé 1y giai bang thong ké chu trinh
g suat Von-mises cua dlem nut trén bé tryc lap banh xe (Node: 48132) va diém nut trén
phan goc luon chuyén tiép thi nhét giita ¢ truc lap 6 bi va bé truc lip banh Xe (Node
55221), nhu trén Hinh 9, Hinh 10 va Bang 2. Diém nuat 48132 c¢6 gia tri ung suat 16n nhét

aS*132) = 81,89 N/mm?) va nhé nhit (o252 = 38,97 N/mm?), déu 16n hon so véi gid tri

tuong tng cua diém nat 55221 (o, (55,,2121) 79,36 N/mm?, o P522) - 15,57 N/mm?). Vi vay,

ax V —-min
C4C gia tri ing suat trung binh (Sm-)) ctia diém nat 48132 noi chung ciing déu 16n hon so véi

diém nat 55221. Tuy nhién, trong cung mot khoang thoi gian, tong sd chu trinh tng suat (Znj)
va da phan pham vi bién thién g suét (Si) cua diém nut 552221 déu 16n hon so v6i gia tri
tuong ung cua dlem nut 48132. Nhu vay co thé thay, pham vi bién thién va s6 chu trinh tng
suét c6 anh hudng rat 1on dén tudi tho moi ciia két cau so véi gia tri ing suat trung binh.
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Két qua tinh toan tudi tho moi nho nhéat (Nmin) dén khi xudt hién vét nit méi (theo sb
chu trinh va thoi gian tinh bang sb ndm van hanh lién tuc khong nghi) cua truc banh xe khi toa
xe van hanh & cac khoang van tdc va muc xac sudt khong hong khac nhau duoc cho trong
Bang 3. Co thé thdy & hai truong hop: xac suat khong hong 1a p(95%) véi moi khoang vén toe
va van tdc toa xe V = 60 km/h véi cac mirc xac suat khong hong tir p(50%) dén p(99,9%) thi
truc banh xe déu dam bao theo QCVN 87-2015-BGTVT [18] vdi yéu cau tudi tho thiét ké cua
cac bo phan cua gia chuyén huéng khong nho hon 30 nim. O 3 trudng hop: khi toa xe van
hanh ¢ van tc V = 100 km/h v&i murc xac suat khong hong 1a p(99%), p(99,9%) va khi toa xe
van hanh véi van toc V = 80 km/h v6i mirc xac suat khong hong 14 p(99,9%) thi truc banh xe
khong dam bao yéu cau vé tudi tho thiét ké. Tuy nhién, trong thuc té thi van téc trung binh
clia toa xe hang ¢ Viét Nam hién nay chi dat & mirc V < 60 km/h, véi diéu kién van hanh nhu
vay thi truc banh xe ludn théa man yéu cau tudi tho thiét ké khéng nhé hon 30 nam.

90 -

T Node: 55221 —Node: 48132
Beyond Cutoff 80 1 YRR N A A
702907020 AR R R R R R R L L O O
52824019 A70 7 I R B O 0 £ I O o
3.9700-018 «
298464017 é 60
2.242e+H6 H
1685e+015 = 50 i

N—r ]
1.267c+H4 il
85186012 @40 ‘

7.154c+011

537684010 30 ] LEEEiR1E i1t ¥ g
- 20 1 ”?”M ” , zlglii ' ”is;{‘
prmev-aa 10 : : : (s)
Vin=3.057E3 0.0 05 1.0 1.5 2.0
Hinh 8. Phan bé tudi tho moi cua truc Hinh 9. Chu trinh tng suat Von-mises cua
banh xe vai V = 80 km/h, p(%) = 99,9%. cac diém nuat dién hinh véi V = 100 km/h.
Nj ™
3 .-
25 L
2 . L]
15 |
1 - —
0.5 %“80
0

a) Node: 48132, b) Node: 55221.
Hinh 10. Biéu d6 thong ké chu trinh &g suat Von-mises cua cac diém nt.

Bang 2. Thong ké chu trinh &ng suit Von-mises va tudi tho moi cia cac diém nat véi V = 100 km/h,
p(99,9%) trong khoang thoi gian t = 2 gidy

X , Pham vi thay débi ung Téng s6 chu trinh e e
Diém nut suAt 16m nhat (Sima) (n = Zm) Tuoi tho méi (N)
Node: 48132 42,92 23 > 10%
Node: 55221 63,79 46 3,04x108
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Bang 3. Két qua tinh toan tudi tho moi ciia truc banh xe

Xac suit Tudi tho méi nhé nhat (Npin)
‘;lhéon”gg V = 40 km/h V = 60 km/h V = 80 km/h V = 100 km/h

(p(%)) | Chutrinh | Nam | Chutrinh | Nam | Chutrinh Nam | Chutrinh | Nam
p(50%) | 4,67E+09 | 296,30 | 2,52E+09 | 159,94 | 1,62E+09 | 102,61 | 1,10E+09 | 69,89
p(90%) | 2,63E+09 | 167,05 | 1,42E+09 | 90,18 | 9,12E+08 57,86 | 6,22E+08 | 39,42
p(95%) | 2,24E+09 | 141,93 | 1,21E+09 76,61 | 7,75E+08 49,16 | 5,28E+08 33,49
p(99%) | 1,68E+09 | 106,42 | 9,06E+08 57,46 | 5,81E+08 36,85 | 3,96E+08 25,11
p(99,9%) | 1,28E+09 | 81,05 | 6,95E+08 44,07 | 4,46E+08 28,27 | 3,04E+08 19,26

6. KET LUAN

Trén co s& md hinh PTHH va phuong phéap phan tich d6 bén mai theo tng suat danh
nghia, bai bao da da tién hanh phan tich dong luc hoc két cau va tinh toan tudi tho dén khi
xuat hién vét nat moi cho truc banh xe ctia toa xe hang MC. Khi tinh toan tudi tho moi cta
truc banh xe c¢6 ké dén anh hudng cia mot s6 yéu té nhu: trang thai 1ip ghép giita truc va
banh xe, hé s6 tai trong dong théng dung phu thudc van toc ciia toa xe VA mirc xac suit khéng
hong. Két qua tinh toan cho thay: véi diéu kién xac suat khong hong 1a p(95%) hodc van toc
toa xe V = 60 km/h thi truc banh xe déu dam bao yéu cau vé tudi tho thiét ké theo QCVN 87-
2015-BGTVT [18].

Két qua nghién clru clia bai bao co thé duoc sir dung lam tai liéu tham khao cho cac
nghién ctru lién quan dén tudi bén va do tin cdy, tdi wu hoa két ciu cho cac bd phan chay xe
trén phuong tién dudng sit. Pong thoi, phat trién huéng nghién ctru tiép theo 1a Xéc dinh tudi
tho moi cho céc két ciu chay xe trong giai doan phat trién vét nut (Fatigue crack propagation
life).
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