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The article presents theoretical fundamentals, from that we establish
algorithmic diagrams and develop a calculation program to design
wagon wheelsets based on the reliability of redundant joints, in order
to determine the minimum diameter and the redundancy of joints while

still guarantee the predetermined system reliability (wheelsets) and
individual element reliability (each joint).
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1. PAT VAN PE

Viéc xay dung phﬁn mém thiét ké bo truc banh xe dau may, toa xe theo dd tin cdy da dugc
trinh bay trong [3].

Mit khac, viée thiét lap chuong trinh tinh toan do bén bd truc banh xe dau may theo
phuong phap truyén thong; thiét lap chwong trinh phan b6 do tin cay cho cac phan tir cia bd truc
banh xe ddu may trong qua trinh thiét ké; thiét ké bo truc banh xe dau mdy theo do tin cay cua
strc bén va hiéu tmg tai trong va thiét ké bd truc banh xe dau may theo do tin cdy cia cac mdi
ghep c6 d6 doi da dugc trinh bay trong [6], [7], [8]-

D6i véi bo truc banh xe toa xe ciing can thiét thiét 1ap cic chuong trinh tinh toén tuong tu
nhu bd truc banh xe dau may da néu ¢ trén.

Viéc thiét 1ap chuong trinh phan bd do tin ciy cho cic phéan tir ctia bd truc banh xe toa xe
trong qué trinh thiét ké va thiét 1ap chuong trinh tinh toan thiét ké bo truc banh xe theo do tin cay
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ctia strc bén va hiéu ung tai trong dugc trinh bay trong mot bai bao khac ciia Hoi nghi KH&CN
toan qudc vé Co khi 1an thi V.

Noi dung bai bao nay trinh bay qua trinh xay dung chwong trinh tinh toan thiét ké b truc
banh xe toa xe hdm gudc, bau dau 6 bi theo do tin ciy cua cac mbi ghép co do doi. Pay 1a phan
tinh toan cho b truc banh xe toa xe, do vay né khac bi€t mot cach co ban so vdi ndi dung tinh
toan cho b truc banh xe diu may da trinh bay trong [8].

Co s& ban dau cho viéc xay dung chuong trinh nay 13 so d6 két ciu va so dd luc tac dung
1én truc banh xe toa xe gudc, bau dau 6 bi dd dwoc trinh bay trong [2], [9], [3].

2. CO SO THIET KE BQ TRUC BANH XE TOA XE THEO PQ DOI MOI GHEP
2.1. M6 hinh héa két ciu b truc banh xe theo quan diém ciia Iy thuyét 9 tin cay

B0 truc banh xe toa xe ham gudc, bﬁu, dau 6 bi, bao glém, truc banh va cic banh xe lap ghép
voi tryc bang do doi (hinh 1). Theo ly thuyé‘t do tin cay, }(ét cﬁu b(} truc banh xe dp:(_yc coi 1;‘1 mot
h¢ thong va dwugc phan chia thanh ba phan tir lién két noi tiép voi nhau: phén tir bidu thi
"stuc bén" B va "tai trong" U, ky hi¢u 1a B/U; phan tir banh xe bén trai lap ghép c6 do doi voi
truc, ky hiéu 1a &,,, , va phan tir banh xe bén phai lip ghép c6 do doi véi truc, ky hiéu 1a &, ,
P,P

,P,P, vadotincayciacahéla P.

(hinh 2). Céc phan tir néu trén ¢6 do tin cdy twong tmg la
Déi v6i hé lién két ndi tiép cac phan tir khong phuc héithi P = PRP,.
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Hinh 1. Két ciu bd truc banh xe toa xe hdm guéc, bau dau 4 bi

B/U OBXT-T OBXp-T
P, \ P, | P,
PS=P1.P2.P3

Hinh 2. So d bo tryc banh xe toa xe ham gudc, bau dau 6 bi theo mo hinh 1y thuyét do tin cay
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Mot cach tong quat, xac suat lam viéc khong hong P_ cua két cau ldp ghép co do doi duoc
xac dinh bing tich xac sut lam viéc khong hong theo do bén mdi ghép P,, (theo do doi) va xéc

sudt lam viéc khong hong cua d6 bén chi tiét P, (theo gi6i han chay) [1]

B.=F.E, (1)

trong do:
B, = P(Ptd < ljtd,max)

mg

P, =P(o,<0,)

voi: P, - tai trong tuong duong (luc doc tryc va momen xodn) tac dung 1én mdi ghép, kN;
P

td ,max
sut tuong duong tai mat cit nguy hiém nhét cta chi tiét dudi tac dung cua tai trong, MPa;
o, - gi6i han chay vat liéu chi tiét bao, MPa.

- tai trong tuong duong 16n nhat (gidi han) ma méi ghép co thé truyén duoc, kN; o, - ing

2.2. X4c suét lam viéc khong héng theo d9 doi mdi ghép P,

X4c sudt 1am viéc khong hong theo do doi P, . duoc xac dinh theo biéu thuc [1]
P, =®(p) (2)

trong d6: B - chi s do tin cdy; @(.)- ham phan b6 chuén chuan héa, dugc xac dinh trong
cac Phu luc [1], [5].

n,, —1
B= —2 2 2 3)
Vi TV
Py
}’_Z’n — _,max (4)
R
trong do: n,, - hé sd an toan (trung binh) do bén mdi ghép; Ptd,max,ﬁtd,max- tai trong tuong duong

16n nhat (gioi han) theo do bén va gia tri trung binh (ky vong) cta no, kN; Ptd,ﬁm,- tai trong
hé

max .

tuong duong (thuc té) tac dung 1én mbi ghép va gia tri trung binh (ky vong) cta no, kN; v

s6 bién dong cua tai trong tuong dwong 16n nhét P x> V- € s6 bién dong cua tai trong tuong
duong P, .
Trong trudng hop tong quat, khi mbi ghép dong thoi chiu ca yc doc truc P va mOmen

xodn M thi diéu kién bén c6 dang luc tac dung twong duong P, [4]

2
P, = Pa{szxj <P, = dipf , KN (5)

— © td ,max

Ngoai ra, néu xét dén su suy giam sy két dinh giira cac chi tiét lip ghép theo thoi gian [1],
thi
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2
po=pe[2Me) <p _FAP (6)
td a d td ,max k

trong do: P, .. - tai trong twong duong 16n nhit ma mdi ghép co thé truyén dugc, né duoc xem
nhu 13 ham sb cua hai dai lugng ngiu nhién pva f[1],[4]; d - duong kinh mdi ghép, mm;
[ - chiéu dai mbi ghép, mm; p- ap suét trén bé mit mdi ghép, MPa; f - h¢ s6 ma sat; k- hé sb
tinh dén kha ning c6 thé giam Iyc dinh két theo thoi gian, k=1,5 + 3 [1].

Trong truong hop mbi ghép chiu tai trong doc tryc P, ¢6 xu hudéng lam cho céc chi tiét
dich chuyén tuong dbi theo chiéu dgc tryuc, thi trén bé mit mdi ghép xué‘t hién Iuc ma sat chéng
lai sy dich chuyén nay. Khi d6 do bén cua moi ghép dugc dam bao badi dicu kién [4]

a,max

P<P_ = ”dlipf kN (7)

Trong truong hgp mbi ghép chi chiu mémen xodn M thi o bén mdi ghép dugc dam bao
boi didu kién [1], [4].

2
M <M. =TW m (8)
’ 2k
Ap suat sinh ra trén bé mit mdi ghép duoc xac dinh nhu sau [1, 4]:
o—u)E
_@-wE 9)
d(1+y)

trong do6: ¢ - d9 doi mbi ghép, mm; u - dai luong dac trung cho do 1a phing (san bang) cac nhap
nho té vi trén bé mdt cia cac chi tiet khi lap ghép [1, 4]:

u=1,2(R,+R.,), mm (10)

vo1: R |, R_, - chiéu cao nhap nho té vi cua cac bé mat lap ghép, phu thudc vao do bong cua

chi tiét, mm; E - modun dan hoi cua vat liéu, MPa; - hé s6 Poisson; d - duong kinh cua tryc
(dic) hay dudng kinh trong clia moay-0, mm; y - hé s, dugc xac dinh theo biéu thirc [1, 4]

d 2
I+ —
2]

. : (11)
-4
d2
vo1: d, - duong kinh ngoai ciia cia moay-o, mm.
Gia tri trung binh p dugc xac dinh theo (9) khi thay & boi S [1]
_ (6-u)E
p=0WE (12)
d(l+y)

Gia tri trung binh ctua d6 doi S xac dinh bﬁng hi¢u cua gia tri trung binh sai léch truc e va
16 E . Trong hé thong 16 c6 thé biéu dién qua cic gia tri mién dung sai bang cach tra bang dudng
kinh 7, 16 ¢, va sai 1&ch duéi cia truc ¢, [1].
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S=e-E=¢+0,5(t,—1,) (13)
Dung sai ctia d doi: 7, = \/t> +1; (14)
Sai léch binh phuong trung binh ctia d¢ doi: s; =é £+t (15)
Hé s bién dong cua d6 doi: v, =5, /6 (16)

Ss 1

HE s6 bién dong cua ap suat: v, =—

_ _ 17
5S—u 1-u/3 (17

Hé s6 bién dong cua tai trong tuong dwong 16n nhat P . max -

v =4/v12)+v;» (18)
trong do: V- hé s6 bién dong cua hé s6 ma sat f.
2.3. X4c suit 1am viéc khong héng theo giéi han chay cia vat ligu chi tiét P,

Gia trj trung binh clia ng suat tuong dwong &, bang [1]

5 __ 2P (19)

H¢ s0 bi€n dong v,, cua ung suit o, bang h¢ s6 bién dong v, cua ap suat trén bé mat lap

ghép [1]. , ‘ ,
X4c suat lam viéc khong hong P, theo do bén chi tiet [1]:

7 -1
P, =®(p), trong d6 f§=——== (20)
ﬁftvfh + vi
v6i 7, = (21)
Oy

trong do: 7, -h€ sO an toan theo gid tri trung binh cta gi6i han chdy va ung suat ¢, ; v, - hé so
bien dong cua gidi han chay.

3. XAY DUNG CHUONG TRINH TiNH TOAN THIET KE BQ TRUC BANH XE TOA
XE THEO POQ TIN CAY CUA PQ DOI MOI GHEP

3.1. Chirc nang cua chwong trinh

Tir co s¢ 1y thuyét trinh bay & trén, tién hanh thiét lap chuong trinh tinh toan bang ngén
ngir 1ap trinh Matlab theo trinh tu sau day.

Can cur vao tai trong tac dung va dac trung co hoc cua vat li¢u ché tao, chuong trinh cho
phép tinh toan xac dinh do doi va duong kinh tdi thiéu cta cac mbi ghép trén tryc banh xe ma
van dam bao dugc d tin cay cho trudce theo do doi cua h¢ (bd truc banh xe) va cia ting phﬁn to
(ctia tirng mdi ghép).
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3.2. Luu do thuit toin

Luu dd thuét toan chuong trinh tinh toan thiét ké bo truc banh xe toa xe theo do tin cay cua

mdi ghép co d6 doi thé hién trén hinh 3.

Nhap vao: P, My, Py, L f
K. S I, Rop. Rez. d2. v, vp Ss,

Och> Uch

v

u=12(R.,*+R.,)

Giai: P = PpgPe, (%)
Trong d6: P, va P la cic ham’ thco d
(cac cong thurc li€n hé theo thuyét minh)
Tu d6 =>d

*) ¢c6 nghiém thug

Hinh 3. Luu d thuit toan chuong trinh tinh toan thiét ké bo truc banh xe toa xe theo do tin cay
cua moi ghép coé do doi

3.3. Cac giao dién ciia chwong trinh

.
: A r 4 A A A b ) DoTinCayThietKeTrucBanhXeDMTX

Giao dién tinh todn phan bo do tin [frEEEEEEEERETS

——————————— TINH TOAN, PHAN BO DO TIN CAY BO TRUC BANH XE TOA XE HAM GUOC, BAU DAU O BI

cay cho b truc banh xe toa xe thé hi€n || wm we| a

trénhil’lh4. 4{ B/U H 8BXT-TH 5B}Q’-T}7

Bo truc banh xe toa xe gém ba

Tra giup

A o 1Al . . X P, | P, | Py

phan tu: hi¢u ung tai trong B/U; modi PP B,

ghép C(’) dé d61 bénh Xe bén trél 5BXT*T TllicgchDi:I:'ill‘gnTll\‘l.iAY

va moi ghép c6 do doi banh xe bén phai )|
Ket qua tinh

‘ Tinh toan) Ps= 099997 ‘

5BXT—P :

PHAN BO DO TIN CAY

Gid st cho trudc do tin cady cua | Cac gl cannap |

\ . Ps=[oowos
tung phan tr 1@ P = 0,99 999, khi do6 g |
P1= 0.9%(006) p2= 0.94006) P3= 0.94(006)

chuong trinh tinh dugc dd tin cay cua hé
(ctia bd truc banh xe) 1a P = 0,99 997. :
Hinh 4. Giao dién tinh toan phan b6 d9 tin cay cho bd truc
banh xe toa xe
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Mit khac, néu cho trude do tin cay cua hé la P = 0,99 999, khi d6 chuong trinh tinh dugc
do tin cdy cta timg phan tir 1 P = 0,999 999.

Céc thong s6 tinh toan cu thé duoc thé hién trén giao di€n hinh 5 voi d6 tin cay cho trudce
cia h¢ 1a P=0,99 999, trong d6 c6 cac thong s6 co ban nhu sau:

Do tin cay cho trudc cta timg phan -
tir: P= 0,999 999; Lyc doc tac dung lén truc S s—

—— THIET KE TRUC BANH XE TOA XE HAM GUOC, BAU DAU O Bl THEO MOI GHEP CO DO DOI

banh xe toa xe: P, = 40,7813 kN; H¢ s6 bién | | o] ot | G -]
dong cua lyc doc:v, = 0,15; Gidi han chay I o
cua vat liéu: o, = 370 MPa; Hé so bién i Rt ——_
dong cua gi6i han chay:v, = 0,08; M6 dun mm J——
\ As o PURETIN 5 <A e = e 3
dan hoi caa vat liéu: £ = 2.10° MPa; Chiéu —
dai cac moi ghép:/ = 190 mm; Puong kinh i g
ngodi clia binh xe: d,= 950 mm; Hg 56 == ==
k = 3; H¢ sO ma sat trong cac moi ghép: T

f=0,08; H¢ s6 bién dong cua hé so6 ma sat;
v, = 0,08 DO nham bé mit chi tiét: L

. Hinh 5. Giao dién nhap s6 liéu dau vao va hién thi ket qua
R, =R,=0,0006 mm; Sai Iéch binh (inh toan duomg kinh va do doi ciia cac méi ghép voi do tin
phuong trung binh cua do doi 5= 0,005. ciy cuia cac mdi ghép 1a P = 0,999 999.

Véi cac thong sb da néu, ta co cac két qua tinh toan nhu sau:

- Buong kinh mbi ghép banh xe (bén phai va bén trai) véi truc 1a d = 119,9491 mm

- P9 dbi mbi ghép banh xe (bén phai va bén trai) véi truc 1d §=0,142 mm .

Tuong ty nhu trén, gid st cho trudc do tin cay cua hé (b) truc banh xe) 1a P= 0,9 999,
khi d6 tir chuong trinh phan bd d tin cdy, ta c6 do tin cdy cua ting phan tir (timg mdi ghép) 1a
P=0,99 997.

Khi d6 voi cac thong sb tinh toan da trinh by & trén, cling v6i do tin cdy cho trude cia
ting phan tir [ P =0,99 997 (hinh 6) thi:

- Pudng kinh mbi ghép banh xe (bén phai va bén trai) véi truc 1a d = 94,4162 mm

- P9 dbi mbi ghép banh xe (bén phai va bén trai) véi truc 1a & = 0,125 mm

Daxu Iy 50 liew cho: tesiDoDoiT

) DoTinCayThietKeTrueBanhXeDMTX (=)
Bo truc banh xe daumay  Batruc barh xe foaxe  Trogp
THIET KE TRUC BANH XE TOA XE HAM GUOC, BAU DAU O Bl THEO MOI GHEP CODODOI-—————
‘ Tao moi Motep [Luutep
—— Thong S0 moi ghep banh xe ben trai - truc —— — Thong S0 moi ghep banh xe ben phai - tru—
R 0.99997 p= 0.99997
Beas] 107813 kN pa= 107813 | kN
v.Pa- 015 vP_a- 015
sigma_ch = 370 MPa sigma_ch = 370 MPa
vch= 008 v_ch= 0.08
E= Z10% MPa E= 0% MPa
1 190 mm 1= 190 | mm
a2- 050 mm d2= 950 | mm
K= 3 K=[ 3
- 0.08 ] 1=[ 0.08
.- 0.1 ] vf= [X]
R_z1- 6/1000 mm R_21= 611000 mm
R.z2= 611000 mm Rz2= 61000 mm
S_delta= 0.005 mm S_detta= 0005 mm
qua ti qua ti
delta = 0.125 mm detta = 0125 mm
a- 94.4162 mm a- 94.4162 mm
Daxu Iy o lieu cho: testDoDOIT

Hinh 6. Giao di¢n nhap s6 lidu dau vao va hién thi két qua tinh toan duong kinh va d¢ doi
cua cac moi ghép vadi do tin cdy ciia cac moi ghép 1a P = 0,99 997
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Tuy nhién, khi d6 tin cdy cho trude cia mbi ghép giam di tr P = 0,999 999 xuéng
P= 0,99 997 thi dudong kinh mbi ghép banh xe voi truc giam tir d = 119,9491 mm xudng
d =94,4162 mm; d6 doi ctia cac mbi ghép nay giam tir § = 0,142 mm xubng & = 0,125 mm.

4. KET LUAN

Tir cac thong sd dau vao da cho, chuong trinh cho phép tinh ton xac dinh d6 déi va duong
kinh tdi thiéu ciia cic mdi ghép giira banh xe vdi truc va banh ring véi truc clia toa xe ma van
dam bao dugc do tin cdy cho trude theo do dbi cua timg phan tir (cta timg mbi ghép) hodc clia
h¢ (cua bo truc banh xe). Chuong trinh cho phép da dang héa dugc cac phuong an tinh toan va
tang nhanh tc do tinh toan.
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