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Abstract: The reliability of sliding bearings and their associated systems depends on multiple
factors, including structural parameters, clearance gaps, load capacity, lubricant viscosity,
operating temperature, and the critical thickness of the lubricant film. According to reliability
theory, a bearing support system is considered a series-connected system of interdependent
components. To assess the overall system reliability, it is necessary to evaluate the individual
reliability of each component (joint) while considering the influence of all relevant factors.
Subsequently, a comprehensive reliability assessment of the entire system can be conducted.
To achieve this, it is essential to develop software that evaluates the reliability of bearing
support systems based on hydrodynamic lubrication theory. Such software facilitates the
diversification of computational methods, accelerates calculation speed, and enhances the
accuracy of results. This tool enables the assessment of reliability for various types of sliding
bearing joints, with a primary focus on the bearing support system of crankshafts in diesel
locomotive engines used in the Vietnamese railway industry.
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Tom tét Do tin cdy cua 6 trugt noi riéng va hé 6 trugt noi chung phy thudc vao nhiéu yéu tb,
bao gom thong s0 két cau, khe ho mdi ghép, kha ning tai, d6 nhét ciia dau boi tron, nhiét do
lam viéc cua m01 ghép, chiéu day toi han ctia mang dau bdi tron v.v. Theo ly thuyet do tin
cay, hé gbi do 6 truot dugc coi la mot hé thng cac phan tir lién két ndi tiép. Dé danh gia do
tin cay caa hé noi chung can danh gia do tin cay riéng ré cua cac phan tir (mdi ghép), co xét
toi anh huong cua tat ca cac yeu tb da néu, sau do danh gia do tin cay tong hop cua ca hé. De
thuc hién van dé da néu, truéc hét can xay dung mot phan mém danh gia do tin cay cua hé gdi
dd 6 truot trén co so ly thuyét bdi tron thity dong, nham da dang héa cac phuong an tinh toan,
tang nhanh toc d6 tinh todn va nang cao do chinh xéc cua két qua tinh todn. Phan mém nay
cho phép danh gia do tin cay cho céac loai mbi ghép 6 trugt khac nhau, trong d6 muc tiéu chu
yéu la cho hé gdi d& truc khuyu dong co dau may diesel sir dung trong nganh dudng sat Viét
Nam.

Tur khoa: xay dyng phan mém, danh gia do tin cay, hé gbi d& 6 truot, bdi tron thay dong

© 2025 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

D6i v6i cac san pham co khi nhap tir nude ngoai noi chung va phuong tién duong sat

trong d6 c6 dau may diesel n6i riéng, cac nha san xuat chi cung cdp cho ngudi st dung cac
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thong sé ky thuat co ban cia san phdm, ma khong cung cép cac thong sd vé do tin ciy trong
qué trinh thiét ké, ché tao. Trong khi d6, ngudi sir dung ludn mong mudn c6 dwoc théng tin vé
do tin cay cua san pham sau khi ché tao va trude khi dua vao khai thac. Vay, van dé datra la
¢6 thé danh dwoc muc tin ciy cla cac san pham nhu vy sau qua trinh thlet ké, ché tao trude
khi dua vao khai thac hay khong? Dé giai quyét van de nay, tur cac thong s6 k¥ thuat, thong sd
két cdu co ban ciia san pham, ap dung cac 1y thuyét vé thiét ké co khi theo dd tin cay, c6 thé
danh gia duoc do tin ciy cua cac san pham d6 trude khi dwa vao khai thac.

D6 tin cdy cua 6 truot noi riéng va hé 6 truot néi chung phu thudc vao nhiéu yéu td, bao
gdm thong sb két cau, khe ho mbi ghép, kha ning tai, d6 nhdt ciia dau boi tron, nhiét do lam
viéc ciia mbi ghép, chiéu day tdi han ciia mang dau boi tron v.v. Theo 1y thuyét do tin cdy, hé
g6i d& 6 truot dugc coi la mot hé thdng cac phan tir lién két ndi tiép. DPé danh gia do tin cay
cua h¢ néi chung can danh gi d¢ tin cay riéng ré cua cac phan tar (mdi ghép), co xét téi anh
hudng cua tit ca cac yéu t6 di néu, sau d6 danh gia do tin cay tong hop cia ca hé.

bé thuc hién van dé da néu, trudc het can xay dung mot phgln mém danh gia do tin cay
cua h¢ goi d& o trugt trén co s |y thuyet boi tron thiy dong, nham da dang hoa cac phuong
an tinh toan, tang nhanh toc d6 tinh toan va nang cao do chinh xac cua két qua tinh toan.

Phan mém nay c6 thé danh gia do tin cay cho cac loai mdi ghép 6 truot khéc nhau, trong
d6 muc tiéu chu yeu la cho h¢ goi d& truc khuyu dong co dau may diesel st dung trong nganh
duong sat Viét Nam.

2. CO SO PANH GIA PO TIN CAY CUA MOIi GHEP CO KHE HO BOI TRON
THUY PONG

2.1. Co s6 xdc dinh khd nding tdi va d¢ tin cdy cia moi ghép

2.1.1. Co s¢ xdc dinh khd néng tdi ciia méi ghép

Kha ning tai F cia mdi ghép dugc xac dinh theo dudng kinh, chiéu dai, s6 vong quay

cua truc, d6 nhét dong luc cua dau boi tron va khe hg hudng kinh cuaa moi ghép [1,2]:
Id? 7Z'n|d3
F=uowo—o=
HOsT 7 T 507
trong d6: d - duong kinh danh nghia méi ghép, mm; | - chiéu dai cua mdi ghép, mm; n- sd
vong quay cua chi tiet bi bao, r/min (v/ph); - d6 nhét dong luc cua dau boi tron ¢ nhiét
lam viéc, Pa.s; & - khe hg huéng kinh cia méi ghép & nhiét do 1am viéc, mm; @ - hé s kha
nang tai.

@, N 1)

Hé s kha ning tai @ duoc xac dinh gan dung theo cong thuc [1,2]:

o
11, 2
@m[hm} @
|

trong d6: m'- hé s6, phu thudc vao ty sé T duoc xac dinh theo bang 2.7 [1,2]. h,, - chiéu

day mang dau t¢i1 han, mm.

Thay gid tri @ trong cong thirc (2) vao cong thuc (1) ta duoc [1,2]:
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F=m ’m'df “1|,N 3)
3052 | 2h,

Khe h¢ huéng kinh ctia mbi ghép & 1a dai lugng thay ddi theo nhiét 6 lam viéc, vi hé sb
gidn dai cta vat lidu bac gdi d& va tryc 1a khac nhau. Nhu vay, tai trong F 1a ham sb cua dai
luong ngiu nhién khe h mbi ghép & va do nhét dong luc i ciia dau boi tron & cac ché do
nhiét @6 lam viéc khac nhau.

Kha ning tai trung binh F duoc xac dinh trén co sé cong thirc (4) véi gia tri trung binh
ctia khe ha huéng kinh trung binh & va d6 nhét dong luc trung binh 7 [1,2]:

£ = 200 2” ~1|,N (4)
305° | 2h,

2.1.2. Co sé xdc dinh sai |éch binh phwong trung binh (d léch chudn) ciia khd néng tdi

Gia trj sai léch binh phuong trung binh (d6 léch chuan)s. cua kha ning tai F duoc xac
dinh nhu sau [1,2]:

2 — 2
anld® [ 2 1 , |anld® m (S )
S, = m _— T = S, + e S ,N 5
; J{ 30 ”(53 252hthﬂ s { 30 52(2h[hﬂ 2 ©)

trong d6: ji- d6 nhot dong luc trung binh caa dau boi tron & nhiét do lam viéc caa méi ghép,
Pa.s; 5 - khe hd hudng kinh trung binh ctia mdi ghép, um; s, - sai léch binh phuong trung

binh (d9 1éch chuan) cia khe hé mbi ghép, mm; s , - sai 1éch binh phuong trung binh (d6 1éch
chuan) ctia 46 nhét 4 .

2.2. Xdc dinh tdi trong hwéng kinh thuec té tic dung lén goi di F,va sai léch binh phwong
trung binh ciia tdi trong hudng kinh s
2.2.1. Xdc dinh tdi trong huwéng kinh thuc té tic dung lén géi dé F,

Tai trong nay néu khong dugc nha ché tao cho trude, thi phai tién hanh tinh toan lai méi
gheép cu thé nao do theo cac thong so ky thuét da biet, nham xac dinh tai trong hudng kinh lén
nhat va tai trong hudng kinh trung binh tac dung 1én cac goi do.

2.2.2. Xdc dinh sai léch binh phwong trung binh ciia tdi trong huwdng kinh S
Néu khong biét trudc th()ng‘sé nay thi trong qua trinh tinh toan tai trong hudng kinh trung
binh tic dung l€n cdc goi dd, can xac dinh sai léch binh phuong trung binh (d6 léch chuan)

cua cac tai trong do tac dung Ién cac gdi d& do. Ngoal ra, gia tri nay cting co thé duoc xac

dinh véi phan b tai trong trung binh 14 phan bd chuan voi hé sb bién dong xac dinh nao do,
thuong la 1a 0,1-0,4 [1-2].

2.3. Co s¢ ddnh gid dp tin cdy ciia hé hé géi dé truc khuyu dong co dau mdy diesel

Chi s6 d6 tin cay [ hay diém phan vi z dugc xac dinh theo cong thuce [2,3,4]:
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ﬁ:i hay Z:i (6)

2 2 2 2
S¢ +5S¢ S

trong do: F,, S¢ - gid tri trung binh (ky vong) va sai Iéch binh phuong trung binh (d9 l¢ch
chuin) cua tai trong huéng tam (tai trong thuc té) tac dung 1én mbi ghép.
Do tin cdy hay xac sudt 1am viéc khong hong cua mdi ghép duge xac dinh thong qua
ham phan b6 chuan chuan héa @ (3) hay ®(z).
Hé gdi d& 6 trugt bao gdm nhiéu mbi ghép 6 trugt co khe hd boi tron thiy dong. Cac mbi
ghép nay duoc coi 1a cac phan tir ctia hé thong gbi d5. Theo 1y thuyét do tin ciy [1,3-6] cac

phan tir ndy duoc coi 12 lién két ndi tiép. Khi d6 do tin cay ciia hé duoc xac dinh nhu sau:

P =][r ™

trong d6: P, - d6 tin ciy hay xé4c suat lam viéc khong hong cua hé gdi do; P, - d6 tin cay hay
xéc suat 1am viéc khong hong ciia phan tir (gdi d&) thr i nao d6; va i =1+n.

24, Co 56 xic dinh cdc thong s6 kj thudt ciia dau béi tron trong qua trinh lam vige cia
maoi ghép

2.4.1. Cdc théng sé ky thudt ban ddu ciia ddu béi tron

Thong thuong, ddi véi mot loai dau boi tron nao do, nha san xuét chi cung cip cac thong
s6 vé khéi luong riéng & nhiét d6 15 °C, d6 nhét dong hoc & nhiét do 40 °C va 100°C. Trong
khi d6 dé tinh toan do tin cdy ctia mdi ghép boi tron thily dong ngudi ta lai str dung d6 nhét
dong luc ¢ nhiét do lam viéc cua mbi ghép. Vi vy, trong qua trinh tinh toan can phai quy doi
d6 nhat dong hoc sang do nhat dong luc trong tng vai nhiét d6 lam viéc cua mdi ghép. Dudi
day don ctr gigi thiéu thong sé ky thuat cia mot s6 loai dau boi tron dugc sir dung cho dong
co dau may diesel sir dung trong nganh duong sat Viét Nam [7,8] (bang 1).

Béng 1. Céac thong so k¥ thuat ctia cac loai dau boi tron Rubia Tir va EMD 40.

TT Thong sb k¥ thuat Don vi Rubia Tir ~ Rubia Tir EMD 40
tinh 7400[1] 7400 (PLC
(Cép do (Cép do EMD40
nhot SAE  nhét SAE  CF/CF4)
15W40)  15W40)

1 Khdilugng rieng & 15°C, pis kg/m?® 883 885 (0,884 —
0,9) g/l

2 D6 nhét dong hoc & 100°C, v, mm?/s 14,2 14,2 14,5-16,3
cSt

3 DO nhét dong hoc ¢ 40°C, v,, mm?/s 105 105 106 cSt

4 Chi s6 do nhot - 142 142 95

5 Diémdongdac °C -30 -30 -24

6 Diém chop chay cbc ho °C > 200 > 200 225

7  Ham luong kiém mgKOH/g 10,3 10,3 13
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Theo tai ligu [8], thdy ring ddu EMD 40 cua hang Shell thuoc nhom 15W-40 va dau
Rubia TIR 7400 cﬁng thudc nhom 15W-40. Boi voi dau Rubia TIR 7400, trong mot s6 tai li¢u
khéc nhau lai cho khoi luong riéng & 15°C 1a 883 va 885 kg/m®.

2.4.2. Quy doi khéi lwgng riéng ciia dau béi tron theo nhiét dé (tiv 0 dén 125°C)
Khéi lwong riéng cua dau & nhiét do tiéu chuan (15°C) duoc quy doi sang cac nhiét do
khac nhau theo cong thurc [8]:
P = Py (T —15) = p,;[1-0,0007 (T -15) |, kg/m® (8)
trong d6: p,; - khéi lugng riéng ciia dau ¢ 15 °C ; T - nhiét d6 tinh toan, °C.
2.4.3. Quy doi dj nhét dpng hoc va dé nhét dong lwc theo nhhiét dj (tiv 0 dén 125 °C)
Viéc quy ddi dugc tién hanh theo cong thic [8]:

U= L —aexp£ b j Pa.s 9)
T-c

trong d6: u = p, - d6 nhét dong luc cua dau boi tron tai ap suat khi quyén, Pa.s; a,b,c- cac
hang sé phu thudc vao tirng loai dau; T - nhiét d6 cua dau & ché do 1am viéc, °C.

2.4.4. Xdc dinh dung sai dj nhdt, sai léch binh phwong trung binh (d¢ léch chudn) ciia dp
nhdot dpng luc 6 cdac ché do nhiét do lam viéc.

Sai léch binh phuong trung binh (d6 léch chuan) cta nhét z duge xac dinh bang 1/6
mién dung sai ctia né tuong Gmg voi cac ché do nhiét do lam viéc cua mdi ghép.

2.5. Co s6 xdc dinh sw thay déi ciia khe hé ciia méi ghép theo nhigt dj 1am viéc ciia dau boi
tron dpng co

2.5.1. Xdc dinh cdc théng sé vé khe hé méi ghép 6 nhiét dé tiéu chuin
Do léch husng kinh hay dung sai cuia khe ho mdi ghép 6, duoc xac dinh truc tiép tir khe

hé ban dau (nguyén thuy) cua n01 ghép da dugc cho trong ho so k¥ thuat. Can ctr khe hé nho
nhat va khe hd 16n nhat ctia mdi ghép & nhiét d6 tiéu chuan (25°C), tién hanh xac dinh:

- Dung sai cua khe ho o,

5& = 5max - 5min , mm (10)

- Sai léch binh phuong trung binh (d6 léch chudn) cta khe ho s,
Giatri s, la sai léch binh phuong trung binh (d6 1éch chuan) cua khe he § duge xac dinh
bang 1/6 mién dung sai &, theo quy tic ba xich ma ddi voi phan bd chuan [1-4].

Orax —Omin _ Os
§, = TN —_2 'mm 11
s == (11)

Khi nhiét d6 t thay ddi thi & ciing thay ddi, do d6 do tin cay cia mdi ghép la ham sb cua
che do tai trong F va khe ho moi ghép 6.

- Khe ho trung binh §
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8 =(Opin + O )1 2; 8 =Sy +355, MM (12)
2.5.2. Xdc dinh cac thdng sé vé khe hé méi ghép & cdc ché dé nhiét dé lam viéc ciia moi
ghép

Sy thay ddi cua khe ho mdi ghép & theo nhiét do can dugc xét dén la do su khac nhau
cua hé so gian dai cua vat liéu goi d& va truc. Su thay doi khe ho moi ghép theo nhiét o lam
viéc cua dau boi tron dong co duoc xac dinh theo cong thuc (13) [8]:

8 =6, —2aAt(a—a,), mm (13)

trong d6: 8,- gid tri cua 5 khi nhiét d6 méi truong xung quanh Ia t, , mm; t- nhiét d6 cua o,
°C; At=t-t,- s gia nhiét 4o, °C; a- chiéu day l6t 6, mm; «, c, - hé s6 gian dai cua vat liu
16t 6 va ngdng tryc.

Cian ctr khe hé 16n nhat va nho nhét cia mdi g}lép & cac nhiét do 1am viéc, tién hanh xei(;
dinh sai léch binh phuong trung binh (d9 léch chuan) cua khe ho va khe ho trung binh & ché
dd nhiét do xac dinh tuong tu nhu d6i véi nhiét do tiéu chuan.

Theo [2, 8-10], nhiét do lam viéc cua dong co ndm trong pham vi 75°C - 85°C, con nhiét
d6 moi trudng xung quanh lay trung binh 13 t, = 25°C. Vi vay, & ddy lya chon ba phuong an
tinh toan cho ba ché do lam viéc tuong Gmg v&i nhiét 46 1am viée cia dong co 1a 75°C, 80°C
va 85°C,

Sau khi tinh toan dugc khe ho nho nhat va khe ho 16n nhét cia mdi ghép & céc nhiét do
lam viéc cua d(f)ng co, tién hanh x4c dinh dung sai cua khe hd, sai I¢ch binh phuong trung
binh (dd lI¢ch chuan) cua khe ho va khe ho trung binh twong ting véi cac nhiét do da néu.

Qua céc két qua tinh toan thdy rang, tri s6 tuyét ddi cua khe ho mdi ghép thay doi theo
nhiét do, tac la nhiét do cang cao thi khe ho cang nho di, diéu d6 cting co nghia la khe ho
trung binh ciia moi ghép giam di. Méc du vay, dung sai cua khe ho va dan dén 1a sai 1éch binh
phuong trung binh cua ke ho 1a khong d61, hay noi khac, chung khong phu thuge vao sy thay
doi cua nhiét do.

2.6. Xdc dinh d¢ nhdam bé mt cdc chi tiét moi ghép

Trug khuyu dugc ché tao béng thép hop kim, bé mé‘t céc ¢b truc va C(X)‘bién duogc gia cong

co khi bang phuong phép mai va danh bong, d0 nhdm bé mét cua ching nam trong pham vi la
R, = 1,6 — 0,05 zm [2,10]. Cac bac truc va bac bién duoc ché tao bang hop kim dong-chi-
thiéc, bé mit ciia chung dugc gia cong bang phuong phap doa va cao nhin, d6 nham bé mat
ctia ching nam trong pham vila R,, =10 -3,2 xm[2,10].

2.7. Xdc dinh hé so din né dai ciia vit liéu moi ghép

Heé sb dan ng dai dbi voi thép (cb truc) 1a a, =12.10°%; con ddi v6i dong thanh-thiée (bac
truc) 1a «,=17.10°[2,10].

2.8. Xdc dinh chiéu day mang dau béi tron t6i han
Gi4 tri t6i han cua chiéu day mang dau ma & do diéu kién boi tron ma sat udt bi pha vo
duogc xac dinh nhu sau [1-2]
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hth = Rzl + RZZ ! /Jm (14)
trong d6: R, R, - &6 nhip nho (d6 nham) bé mit cta truc va 16t 6, zm.
Hé s6 an toan quy udc theo chiéu day cua mang dau boi tron duge xac dinh nhu sau

[1-2]

s:%z[s]:Z (15)

O truot hay mdi ghép c6 khe hd boi tron thuy dong bi hu hong 1a do chiéu day nho nhat
cia mang dau bdi tron h . nho hon chiéu diy mang dau téi han h, . Pé dam bao diéu kién
boi tron ma sat uét thi [1-2]:

hin 2 S(R,y +R,,), am (16)
3. XAY DUNG PHAN MEM DPANH GIA PQ TIN CAY CUA HE MOI GHEP BOI
TRON THUY PONG

Trén co so 1y thuyét da néu, bang ngdn ngir 1ap trinh Java da tién hanh thiét 1ap chuong
trinh tinh toan véi cdc moé dun sau day.

M6 dun 1: Thong s6 ciia dau boi tron; M6 dun 2: Thong sé mdi ghép; Mo dun 3: Tinh
toan do¢ tin cdy cia moi ghép.
3.1. Luu do thudt todn

Luu do thuét toan tinh toan do tin cdy ctia mdi ghép c6 khe ho boi tron thuy dong
duoc thé hién trén hinh 1.

Nhip vio thong sb

[P

dau boi tron; [ hin = Ra + Ra ]
P5uminy Plmais Wogels OVogel l
€Vogel, V100mins Y100maz
V40rmins Va0maz [ 156 = (P15min + P15maz)/2 ] ¢
Nhap vio thong sb l [ 5 = Sua00pro0/6 ]
méi ghép: [ﬂ4o pusi{1 — 0,0007(40 — 15))] l
@rniny inaes by Somins Oomas g 5
a, o1, 03, Ray, Ry Fy=m' ™" ;M ( v 1)
[pmu = prsnn(1 — 0,0007(100 — 15))] 3057, \ 2
Nhip vao thong s6 l 1 )
tinh todn: A s ] _ antd® 2 1 ’ 2 mnld® m' &y : 2
7, Fotp, 87 w0 — AOHIT 40min °r = ap JTD - 26% hin h 30 57» 2hu it
[ = (dmin + drmas)/2 ] 0,100 = V100mmaz — P100min ] 2= i — Fo
v VTR
[ ly=1/d ] .
v Bu100 = duin Tir  tra bang phan bd chuén
[ Tirlg tra bang 2.2 =>m' ] P chuan hoa
1 == ®(z)
| (=) J
Hip = aeTp
t—c Z
¢ Xuit ra:
dylgym', gy, Buvy 895 5
[ 806 = (Soman + S0mac)/2 ] hin, Fi, 57,2, 2(2)
¢ Sp = (5u40p40/5
(0= 600 — 2002 — 2501 — ) ] L
| I

Hinh 1. Luu db thuét toan tinh toan do tin cdy cia mdi ghép boi tron thity dong.
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3.2. Cdc giao dién va chirc nang chinh ciia chwong trinh

Giao dién téng quat cua chuong trinh thé hién trén hinh 2.

méi ghép <6 khe hé béi tron thily déng - X

AIIH‘VG]A PO TIN GLoT THIEU
MOLGHEP BTTD BOQ GIAO DUC VA PAO TAO
£) Theng s6 au bsitran TRUONG DAL HQC GIAO THONG VAN TAI
2R Théng s5 méi ghép
R PHAN MEM DPANH GIA PO TIN CAY MOI GHEP BOI TRON THUY PONG
E Panh gia do tin cay
clia méi ghép

Tran Van Hiéu
D6 Pirc Tuan

Nguyén Dirc Toan

f cisitnieu

© 2025 by Ha Noi - 2025

Tran Van Higu, —
P Dirc Tudn,
Nguyén Piic Toan.

Hinh 2. Giao dién tong quat xac dinh do tin cay ctia mdi ghép boi tron thuy dong.
3.2.1. M6 dun 1 - Tinh todn cdc thong sé diu béi tron
Céc chirc nang co ban:

‘ 1. Thiét 1ap thong s6 dau boi tron. Trong chuong trinh da khéi tao thu yién mot sb loai d‘ﬁ?lu boi tron
gom Rubia Tir 7400 va EMD 40. Ngoai ra chuong trinh con cho phep bo sung cac loai dau boi tron
khac khi can thiét.

2. Lura chon loai dau bi tron va tinh toan quy doi khdi lwong riéng cta dau boi tron theo nhiét df
lam viéc ctia goi do.

3,. Tinh todn quy d6i do nhot dong luc va d6 nhdt dong hoc cua dau boi tron theo nhiét do lam viée
cla goi do.

Céc giao dién tong quét ciia md dun 1 duoc thé hién trén céc hinh 3 - 6.

& Bénh gia dé tin ciy ciile méi ghép co khe hé béi tran thiy déng - x
LU THONG SO DAU BOL TRON
‘DANH GIA DO TIN CAY
MGI GHEP BTTD S
Tén loai dau Tén logi dau
B Théng s6 dau bdi tron . N i o 3 Rubia Tir 7400
Khoi lugng riéng ciia dau 6 15°C, p; 5 + kg/m EMD 40
2 1he &5 mGi ghé Rubia Tir 7400 [1]
£x" Thong 55 moi ghép Hiéng sd Vogel, a P
P o
E ‘Panh gia do tin cay Hang s6 Vogel, b C
«ctia moi ghéy .
ghep Hang s6 Vogel, ¢ °c
% Gidi thieu B0 nhat dang hoc & 100°C, v, . st
P nhdt dong hoc 6 40°C, Vg + cSt
Bang quy ddi khéi rgng riéng ~' Bang quy déi dé nhot
© Thém X X6a Sira B Luu Hiy
© 2025 by
Tran Van Hiéu, _
Db Dirc Tuan,
Nguyén Biic Toan.

Hinh 3. Giao dién tong quat lya chon loai dau bbi tron.
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& Danh gis dé tin cay cita méi ghép cs khe hé bsi tran thiy dong - X
ML UG THONG SO DAU BOL TRON
‘DANH GIA B0 TIN CAY
MOI GHEP BTTD S
Tén loai ddu Rubia Tir 7400 Tén logi dau
Y Thong s5 dsu baitron o 3 Rubia Tir 7400
Khoi Irgng riéng ctia dau § 15°C, p, 5 885 + 885 kg/m EMD 40
B e e Rubia Tir 7400 [1]
{¥" Thong s6 moi ghép Hiing s Vogel, a 0.076 P
Danh gié dé tin ciy Hiing 56 Vogel, b 1030.99 °c
«cia mGi ghéj N ~
=y Hing s6 Vogel, ¢ -104.85 °c
Gidi thiéu B9 nhdt dong hoc d 100°C, vy, 142 || 142 st
D3 nhét dgng hoc & 40°C, v, 105 + 105 cst
Bang quy d6i khai lrgng riéng ~ Bang quy dai 4 nht
© Thém X Xda S B Luu “ Hiy
© 2025 by
Tran Van Hiéu, ‘_4
D6 Diic Tuan,
Nguyén Dic Toan.

Hinh 4. Giao dién lga chon loai dau bf)i tron (Rubila Tir 7400)
va hién thi cac thong so tinh toan.

| |£:| Bang quy déi khdi lugng riéng cla dau... — (m] X | [£] Bang quy d8i d6 nhét ctia dau bai tran = [m] X
Bang quy ddi khoi lwgng riéng cia dau boi tron | Bang quy d&i do nhét cia dau bai tron
Rubia Tir 7400 vdi khéi Iurdng riéng cia dau Rubia Tir 7400
& 15°C la 885.000 kg/m? o roc 4 cst 1 Pas
Lo T°C p(T), kg/m? 1 0 1583.986 1.416547
1 0 894.292 2 5 1015.976 0.905433
2 5 891.195 3 10 677.555 0.601735
3 10 868.098 4 15 467.539 0.413772
4 15 885.000 5 20 332.447 0.293186
5 20 861.903 ‘ 6 25 242.748 0.213328 ||
6 25 878.805 ‘ 7 30 181.483 0.158926 |,
7 30 875.708 8 35 138.567 0.120915
8 35 872.610 9 40 107.818 0.093749
9 40 869.513 10 45 85.329 0.073930
10 45 866.415 1 50 68.576 0.059203
11 50 863.318 12 55 55.885 0.048073
12 55 860.220 13 60 46.121 0.039531
13 60 857.123 14 65 38.505 0.032884
14 65 854.025 15 70 32.487 0.027644
15 70 850.028 16 75 27.675 0.023464
16 75 847.830 17 80 23.787 0.020094
17 80 844.733 18 85 20.613 0.017349
18 85 841.635 19 90 17.998 0.015092
19 90 838.538 20 95 15.825 0.013221
20 95 835.440 71 100 14.005 0.011657
71 100 832.343 22 105 12.468 0.010339
22 105 829.245 23 110 11.163 0.009222
23 110 826.148 24 115 10.047 0.008269 |
‘ 24 115 823.050 3 I 25 120 9.086 0.007450 |
‘ 25 120 819.953 I 26 125 8.255 0.006743 |
26 125 816.855
Hinh 5. Giao dién hién thi két qua tinh toan Hinh 6. Giao dién hién thi két qua tinh toan
e Ko . A . e A . . .
quy do6i khoi lugng riéng cua dau boi tron quy d6i d6 nhét cia dau boi tron (Rubila Tir
(Rubila Tir 7400) theo nhiét d6 1am viéc. 7400) theo nhiét d6 lam viéc.

3.2.2. Mé dun 2 - Tinh todn cdc thong sé ciia moi ghép
Céc chiic nang co ban:

1. Thiét 1ap cac thong sb cua g01 do (m01 ghép): Vi du “G01 do truc”. Bén canh do, trong
chuong trinh da khoi tao thu vién cac mdi ghép cd truc-bac truc va cd bién-bac bién ctia ciia truc khuyu
dong co dau may DIE, D12E, D13E va D19E dang st dung trong nganh DSVN. Ngoai ra, chuong
trinh con cho phép thiét 1ap cac loai gbi d& 6 truot bt ky.
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2. Lua chon loai mdi ghép voi cac thong sd tinh toan ban dau da dugc xac légp, tién hanh tinh toan
céq thong sg‘) cua moi ghép theo nhi¢t do lam yiéc, gom: - Khe hd 16n nhat cua mdi ghép; - Khe hg nhd
nhat ctia moi ghép; - Khe hd trung binh ctia moi ghép.
3. Tur cac thong s néu trén, tién hanh tinh toan dung sai ciia khe hé va sai 1éch binh phuong trung
binh (d9 1éch chuan) cua khe hd & cac ché do nhiét do lam viéc cua goi do.
Céc giao dién tong quét cia md dun 2 dugc thé hién trén cac hinh 7 - 9.

& Danh gié 5 tin cly cila mGi ghép c6 khe hdl bai tran thily déng = X

THONG $6 M1 GHER

PH
DANH GIA DO TIN CAY

MO GHEP BTTD
a1 mi ahés Tén mdi ghép
Thang 56 dau bGi tron Tenmatahép & bién dong co DM DIE
Buding kinh danh nghia méi ghép, o + mm €6 truc ddng co DM DOE
& mal ghép PR €6 truc dong cd BM D12E
Chigu dai clia &, / mm | o5 tryc 1, 7 dang co BM D12E
Khe hé nhé nhét cia mi ghép 8 25°C, 85, mm
ciia méi ghep
Khe hés ién nhat cia mdi ghép & 25°C, ., mm
) e
il Gidithigu Chiéu day bac gdi dd, a mm

jian dai ciia vat Bu bac g5 dd, g,
HE s gidn dai clia vit Bu ngding tryc, o,
DG nham b& mt bac gl 0, &, pm
DG nham b& mit ngdng truc, &, pm
Bang khe hd nhé nhat olia mdi ghép J,,,,,theo nhigt 49
Bang khe hd ki nht clia mai ghép 3, theo nhigt 45

Bang khe hd trung binh ciia mGi ghép d,,, theo nhigt g

© Thém X Xoa Sifa B Ln  Hity

——E——
Nguyén Difc Toan.

Hinh 7. Giao dién tong quat Iya chon loai mbi ghép.

& Dinh gia d6 tin cay clla méi ghép 6 khe hd bdi tron thily dong - X
PHAN MEH THONG 56 MOT GHEP
DANH GIA BO TIH CAY
HOL GHER B
L = Tén méi ghép
) Thong s& dau bsi rom Tén maighép GO thpe €4 bién dng co DM DOE
- Dudng kinh danh nghla méighép, @ 99.075  + 100025 mm CAtruc dong ca DM DOE
Thing 55 méi ghép ) C6 truc déng co DM DL2E
o Chiéu dai cia &, / 80 MM 65 truc 1, 7 dong co BM D12E

P L 4 dgn
Khe hés nhé nhat cia mai ghep & 25°C, g 0.08 e G oM D2
o Cb truc ddng co M D13E
Khe hd Idn nhat cia méi ghép & 25°C, Gg, 012 mm |G truc 4 48ng co DM D13E
R . Co, bién dang co OM D13E
Chidu day bac 93143, a 5 mm | C8 tryc dong co DM DI9E
& 55 glan dai cila vat Réu bac g1 dd, @, 0.000017 SOUIR0 COng cu DM DLOE
HE 56 gidn dai cia vt iéu ngdng tryc, @ 0.000012
6 nham bé mit bac gl 4, &, 63 ym
96 nham b mit ngong truc, &, 32 um

Bang ke hd nho nhat cila moi ghép 3, theo nhigt 4o
Bing khe hd 10n nhit clia méi ghép 3, theo nhigt &

Bang khe h trung binh alia mdi ghép 3, theo nhigt a5

© Thém * X6a Sifa B Luu * Hiy

©2025 by

Tran Vin Higu, ]

D6 Difc Tua
Nguyén Dic Toan.

Hinh 8. Giao dién lya chon va hién thi cac thong s6 cua mbi ghép gbi dd truc.

B ke bt i S el i hép thes it 8 - o x By ke et I rh gt it i ghép theo nhigt 4 - o x Béng ke et trung binh cls i ghep thee nhidt 85 - o x
Bang khe hit nhd nhat cila moi ghep Bang khe i lon nhat aia moi ghép Bang khe hd trung binh cia mai ghép
661 44 tryc theo nhigt dg 661 44 tryc theo nhigt dg 661 44 tryc theo nhigt dg
w Ll 2, mm 15:°C 1,°C By B w Lre—" a, mm 15:°C 1,°C w Bipe T 2, mm 15:°C % By mm
o 0.08 5 5 5 0.0800 | 2 0.12 5 5 5 | 2 01 5 5 5 0.1000
|2 0.08 5 F53 30 0.079% |2 0.2 5 F53 30 |2 01 5 F53 30 0.099%
3 0.08 5 5 s 0.0795 3 0.12 5 5 s 3 01 5 5 s 0.0995
4 0.08 5 F53 40 0.0793 4 0.2 5 F53 40 4 01 5 F53 40 0.0993
5 0.08 5 25 5 oore0 || | s 0.12 5 25 5 s 01 5 25 5 0.0990
g 0.08 5 2 55 0.0785 g 0.12 5 2 55 g [ 5 2 55 0.0085
[] 0.08 5 3 60 0.0783 [] 0.12 5 3 60 [] 01 5 3 60 0.0983
s 0.08 5 2 65 ao7s0 || ] 012 5 25 65 ] 01 5 2 65 0.0980
10 0.08 5 3 i oorrs || 10 0.12 5 3 i 10 [ 5 3 i 0.0978
1 0.08 5 2 7 00775 || 1 012 5 2 7 1 [ 5 2 7 0.0975
12 0.08 5 3 80 0.0773 12 0.12 5 3 80 12 [ 5 3 80 0.0973
13 0.08 5 2 [0 o070 | 13 0.12 5 2 [0 13 01 5 2 [0 0.0970
1 0.08 5 2 90 00768 | 1 0.12 5 2 90 1 01 5 2 90 0.0968
15 0.08 5 » 95 0.0765 15 0.12 5 » 95 15 01 5 5 95 0.0965
16 0.08 5 5 100 0.0763 16 0.12 5 5 100 16 01 5 5 100 0.0963
i7 0.08 5 F53 105 0.0760 i7 0.2 5 F53 105 i7 01 5 F53 105 0.0960
18 0.08 5 5 110 0.0758 18 0.12 5 5 110 18 01 5 5 110 0.0958
19 0.08 5 F53 115 0.0755 19 0.2 5 F53 115 19 01 5 F53 115 0.0955
20 0.08 5 25 120 0.0753 20 0.12 5 25 120 20 01 5 25 120 0.0953
n 0.08 5 F 125 0.0750 n 0.2 5 F 125 n (¥} 5 F 125 0.0950
L L L

Hinh 9a. Giao dién hién thi 'Hinh 9b. Giao dién hién thi 'Hinh 9¢. Giao dién hién thi
két qua tinh toan khe ho nhé két qua tinh toan khe hd 16n két qua tinh toan khe ho trung
nhat ctia moi ghép. nhat cia moi ghép. binh ctia moi ghép.
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3.2.3. Mé dun 3 - Tinh todn dé tin cdy ciia hé goi dé truc khuyu déng co diu mdy diesel
Céc chiic nang co ban:
1. Lua chon loai dau béi tron.

2. Lura chon loai mdi ghép can tinh toan va nhap cac s liéu dau vao: - S6 vong quay dinh mirc
cta truc khuyu dong co; - Ché d6 nhiét do lam viéc ctia dong co; - Tai trong huong kinh trung binh tac
dung 1én g6i d& (mdi ghep); - Sai 1éch binh phuong trung binh (46 1éch chuén) cua tai trong tac dung 1én
moi ghép.

3. Tir cc thong s néu trén, tién hanh tinh toan do tin cdy ctia mdi ghép da chon.

Duéi day trinh bay mét vi du minh hoa cho viéc st dung chuong trinh. Céc thong sé tinh
toan d6 tin cay cuaa mot loai moi ghép dwoc cho trong bang 2.
Bang 2. Cac thdng sb tinh toan do tin cay cua mot loai mbi ghép.

TT Cac thong s6 moi ghép Tri so
1 DPuong kinh tryuc nguyén thay d , mm 99,075-100,025
2 Chiéudaio |, mm 80
3 Khe hé nho nhit ciia mdi ghép ¢ 25°C, S, .- 0,08
4 Khe ho 16n nhat ciia mdi ghép & 25°C, &, 012
5  Chiéu day bac goi d& a, mm 5
6 Heé sd dan nd nhiét cua vat lidu bac géi do (déng thau-thiéc) a, 17.10°
7 Hg s6 dan no nhiét ctia vat liéu truc (thép) «, 12.10°
8 P nham bé mit bac gbi dd (cao nhin) R, Hm 6,3
9 Po nham bé mit cb truc (danh bong) R,,, zm 32
10 So6 vong quay tryc khuyu, v/phit 600
11 T3 trong hudng tam tac dung 1én 6 |fr M\ 10000
12 Sai léch binh phuwong trung binh S, cua tai trong hudng kinh, N 3333
13 Dau bdi tron dong co Rubia Tir 7400, EMD40

Mot so giao dién chinh dugc thé hién trén cac hinh 10 - 12.
& Danh gid 88 tin cdy clla méi ghép ca khe hd bai tran thiy ddng - 0

BANH GIA BO TIN CAY CUA MOI GHEP BOL TRON THUY BONG
Tép tin

© Tao mdi Md tép ™ Luu tép o Tinh todn
Thing s tinh todn
Logl diu Rubia Tir 7400 Logl m31 ghép | Gal dd tryc
Hhigt 43 lim vigc 85 °c Téi trong hudng kinh trung binh £,,, | 10000 N
Hé 56 an toan khe hd t6i han s 1 Sai léch binh phuang trung binh cta £, ;. 3333 N
56 vbng quay clia chi Uét bibao, 600 vg/ph
KEt qua tinh toan
Hey= Hs/mm? d= mm m'=
Opp= Fop= N
b mm . o 5
55= mm 5= H
bd=
/ mm
Bang tong hop két qua tinh toan @z)

By = mm

©2025 by

I

Hinh 10. Giao dién tong quét tinh toan do tin cdy ciia mdi ghép
v6i dau boi tron Rubia Tir 7400 ¢ nhiét d lam viéc 85°C.
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& Banh gia do tin cay cla méi ghép ca khe hd b6 tron thily dong = X

uue LA DANH GIA DO TIN CAY CUA MOT GHEP BOT TRON THUY BONG
DANH GIA DO TIN CAY . ' o

ML GHEP BTTD Tép tin
© Tao mdi M tép M Luu tép |_o Tinh toan
Théng s6 tinh toén

Loal ddu Rubia Tir 7400 - Lol méi ghép | GAl 4d tryc

Danh gia 4§ tin iy

ciia mdi ghép Nhigt d§ Bm viéc |85 °c Téi trgng hudng kinh trung binh £, 10000 N
§ cionthisu HE 50 an toan khe hé tai hgn s 1 Sai lech binh phuang trung binh cia £pp, 5, 3333 N
54 vbng quay ciia chi Uit bi bao, 7 600 va/ph

Kt qua tinh todn

Hep= 173489e-08 | Ns/mm’ d= 99.5500 mm m'= 0.662035
pp=  0.0970000  mm Fop= 248510 N
1= 80.0 mm
sp=  0.00666667  mm 5= 1291.93 N
id= 0.803616

5= 0.00000 Ns/mm? z= 4.15456

ey = 0.00950000 o Bang tdng hop két qua tinh todn @)= 0.9 (05)
S5y OF Qe i

Hinh 11. Giao dién hién thi két qua tinh toan d tin cay ctia mbi ghép
v6i dau boi tron Rubia Tir 7400 ¢ nhiét d6 lam viéc 85°C.
; |£:| Bdng t8ng hop két qua tinh toan = [m] X

| Béng téng hgp két qua tinh toan dg tin cay

cia mdi ghép: Gai da truc

dugc boi tran bdi dau: Rubia Tir 7400
& nhiet do lam viec: 85°C

T Thong s6 Ky higu Gia tri Pon vi
1 Puang kinh danh nghia méi ghép d 99.5500 mm
2 Chiéu dai cia 8 / 80.0 mm
3 Ty sd giita chiéu dai /va dudng kinh d Iyd 0.803616
4 Hé s phy thudc ty I8 [/d m’ 0.662035
5 Chiéu day téi han cia mang dau béi tron hm 0.00950000 mm
6 Pd nhét dong Iu'c trung binh cia ddu béi tran Hep 1.73489e-08 Ns[mm2
7 Sai léch binh phudng TB cia dé nhét dong luc Sy 0.00000 Ns/mm2
8 Khe hé huéng kinh trung binh cia méi ghép Iy, 0.0970000 mm
9 Sai l&ch binh phuong trung binh cia khe hé S5 0.00666667 mm
10 Kha ndng tai trung binh Frp 24851.0 N
11 | Sai léch binh phurong trung binh cia kha nang tai Sg 1291.93 N
12 Diém phan vi z 4.15456
13 Do tin cay ciia mdi ghép @(z) 0.9 (05)

Hinh 12. Giao dién hién thi lgét qua tinh toén tong hop do tin cay ciia mdi ghép
v&i dau bdi tron Rubia Tir 7400.

Nhu vay, véi mdi ghép di cho, d6 tin cdy cia né sau qua trinh ché tao 1a 1a 0,99999.
4. KET LUAN
Phan mém da xay dung cho phép xac dinh dwgc do tin cdy riéng ré cua bat ky mdi

ghép 6 truot nao khi 1am viéc véi loai dau boi tron xac dinh & cac ché d6 nhiét do lam viéc
tuong tng, dong thoi cho phép xac dinh dugc do tin cay tong hop ciaa hé goi do 6 truot voi tu

cach 12 mot hé thdng céc phan tir lién két ndi tiép.

Phan mém nay s& duoc sir dung cho viéc danh gia do tin cay caa hé gdi d& truc khuyu

dong co dau may diesel su dung trong nganh duc‘mg,sét Viét Nam noi chung, trong d6 co
dong co CAT 3512B trén dau mdy D19E ndi riéng. Két qua danh gia sé dugc trinh bay trong

cac cong bo tiép theo.
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