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NGHIEN CU'U D0 TIN CAY CUA HE THONG TRUYEN DONG
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STUDYING THE RELIABILITY OF TRANSMISSION SYSTEMS WITH ELEMENTS INSTALLED IN SERIES.
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TOMTAT

Viéc nghién ciu o tin cdy clia cac hé thong ky thudt néi chung luén la
nhiém vu dugc cac nha nghién cliu trong va ngoai nudc quan tam, dac biét la 6
cac nganh nhu vién thong, kj thuat diéu khién va tu dong héa [3, 5, 6]... Tuy
nhién hoat dong nghién ctiu d0 tin cdy cdc hé truyén dong co chua dugc quan
tam ding mic. Cac nghién cdu trong nudc thudng tap chung nghién ctiu vé chan
doan va du bdo tinh trang ky thuat, it c6 nghién c(u vé d tin cdy hoat dong cla
chling, mdc du Iinh vuc d6 tin cdy , chdn doan va du bao tinh trang ky thuat c6
lién quan chat ché véi nhau [1]. Hoat dong nghién ctiu, danh gid do tin cdy cla
cac hé thang truyén dong co ¢ y nghia quan trong, vi trén co s& do gitip ngudi st
dung danh gid dugc tinh trang kj thudt hién tai, dong théi du dodn dugc tinh
trang ky thuat cla hé thong trong giai doan st dung sap tdi. T d6 gidp ngudi st
dung c6 thé 1ap k& hoach sir dung ddi tugng hiéu qua hon. Trong khudn khg bai
bdo trinh bay mot cach hé thong cac buéc danh gia do tin cdy cta hé thong
truyén dong co thong qua cac chi so do tin cdy c6 y nghia ky thuat quan trong,
khdo sat danh gid d tin cdy cla hé thong truyén luc xe xich cao tc T-55 trén co
56 b0 di liéu gid dinh.
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ABSTRACT

The study of reliability of engineering systems in general is always a task of
interest to domestic and foreign researchers, especially in fields such as
telecommunications, control engineering and automation. chemical [3, 5, 6]...
However, research activities on motor transmission systems have not been paid
enough attention. The study and assessment of the reliability of technical
systems using reliability assessment indicators is important, since on this basis it
helps users to assess the current technical condition of the object, and at the
same time predict the technical condition of the object in the upcoming period of
operation. On this basis, users can plan to use more efficient vehicles. Within the
framework of the article, the test calculation of the reliability of the power
transmission of transport vehicles will be evaluated according to the test data
collected during the operation and repair of vehicles.

Keywords: Calculation survey, reliability, powertrain, damage probability.
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1. GIGI THIEU
D6 tin cdy clia cdc hé théng ky thuat quyét dinh kha
nang thuc hién chic nang cda chdng. Nhiéu nghién ctu d6
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tin cay cla cac hé théng ky thuat néi chung va dé tin cay
cla hé théng truyén déng trong nganh co khi dong luc noi
riéng da dugc cong bo.

Theo nghién ctu cla tac gid, phan I6n cac nghién cdu
vé do tin cay da dugc cong bé thudng tap chung & cac linh
vuc nhu tu dong hoa, vién théng, cong nghé théng tin, ky
thuat diéu khién tu dong. Cac nghién cliu vé dé tin cy cla
hé thong truyén déng trong nganh co khi dong luc thudng
chi tap chung dén viéc xay dung ham dé tin cdy va ham xac
suat hu hong theo thoi gian t [4] ma bd qua cac chi tiéu
khac vé do tin cay [1, 2]. Mat khac viéc xay dung ham d6 tin
cdy va ham xac suat hu hong theo thoi gian t dugc tién
hanh trén co s& cac mé hinh phtc tap nhu mo hinh Markov
hodc m6 hinh “Phuc vu dam déng”. Tac gia cho rang viéc st
dung cac mé hinh nay c6 y nghia vé mat du bao tinh trang
ky thuat hon la danh gia d6 tin cay cta hé thong truyén
doéng. Vé mat phuang phap luén, viéc ap dung cac mé hinh
trén mang tinh han 1am, nghiéng vé hoc thuat hon la ap
dung vao trong thuc té dé danh gia dé tin cdy cla cac hé
truyén déng mot cach truc quan, cu thé. Van dé quan trong
trong nghién ctu dé tin cay clia cac hé théng truyén déng
co 1a phai c6 cach nhin téng quan, truc quan, ré rang va
mang tinh thuc té€ cao, cac tinh toan vura chi ra dugc ban
chat d6 tin cay cia mot hé truyén dong cu thé vira c6 kha
nang lam co s& dé du bao dugc hé s6 du trit ky thuat va kha
nang hoan thanh chuic ndng clia né trong tuong lai

Bai bao nay trinh bay mét cach hé théng cac tiéu chi vé
dé tin cay. Xay dung ham do tin cay va ham xac suat xuat
hién hu héng cua déi tuong dua trén tiing phan ti cau
thanh 1én hé thong. Khao sat do tin cdy clia hé theo thoi
gian st dung t véi bé dix liéu gia dinh.

2. PHUONG PHAP NGHIEN CUU

Trong nghién ctu dé tin cdy cla cac hé thong ky thuat,
tuy vao dac diém tung hé théng, cé phuc héi va khéng co
phuc héi ngudi ta dua ra t6 hgp nhiéu chi s danh gia. Trén
cd sG ly thuyét chung vé do tin cdy cla déi tugng dudi
trong pham vi bao cdo trinh bay hé théng céc chi s6 d6 tin
cay quan trong, can dugc quan tam khi nghién ctu vé dé
tin cdy cla cac hé truyén déng cg, bdi theo nghién ciu
ching phan anh kha nang thuc hién cac chic nang co ban
cla bat ky hé théng truyén dong ca cu thé, tuc cac chi s6
dam bao cho hé théng c6 kha nang thuc hién cac nhiém vu
nhat dinh trong diéu kién hoat déng va thai gian hoat
dong xac dinh.
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2.1. Xac suat khéng héng ctia hé théng truyén déng co
phtic tap bat ky

Goi p;(t), (i =1, 2, ..., n) la xac suat khéng hong hay ham
tin cay cia phan t& tha i cha hé théng gom n phan ta 1ap
ndi tiép tai thai diém xac dinh t va P.(t) 1a xac suat khong
héng ctia hé. Khi dé xac suat khéng hong cta hé théng
gém n phan tir 1ap ndi tiép dugc xac dinh nhu sau [2, 41:

Pmﬁgmw M

Vipi(t) £ 1 nén P,(t) < min[p,(t)],i=1, 2, ... n.

Néu DTC clia cac phan td tai thai diém xac dinh t 1a nhu
nhau, tdc la p,(t) = p,(t) = ... = p,(t) = p(t) thi xac suat khong
héng cltia hé néi ti€p n phan ti dugc xac dinh bang:

P(6) =T TP ()= [p (0] @

Né&u DTC clia cac phan ti biét trudc va khéng phu thudc
vao thai gian t la nhu nhau, tic la p; = p, = ... = p, = p thi
xac suat khéng hong cta hé ndi ti€p cac phan ti dugc xac
dinh bang:

P =[p =" ®)

Ham P, (t)=ﬁpi(t) con goi lam ham dé tin cdy cua
i=1

hé théng l3p néi ti€p gém n phan tu.
Cudng dé hu héng va xac suat lam viéc khéng hong lién
quan véi nhau theo méi quan hé:

—j')\(t)dt]

P(t) = exp[- [ND)d(t)] hay P(t)=e (4)
0

Theo (1) xac sudt khéng héng cia hé bang:

t
n o -[Adt]

P () =TT P (=] e ©)

2.2, Xac suat héong cta hé Q,(t) cia hé théng truyén
déng co phiic tap bat ky
Xac suat hong Q,(t) clia hé dugc xac dinh bang [2, 4]:

a,()=1-RO=1-T[p()=1-T][1-a (0], ®©

trong d06: q(t) - xac suat héng ctia phan ti tha i, i =1,
2,..,Nn.

Néu DTC clia cac phan td tai thai diém xac dinh t 1a nhu
nhau, tic la q,(t) = g,(t) = ... = g,(t) = q(t) thi xac suat hong
cUa hé nai tiép cac phan ti dugc xac dinh bang:

Qh(t)=1—Ph(t)=1—[p(t)]n=1—[1—q(t)]n. 7)
2.3. Cuong d6 hong hoc ctiia hé A (t)

Cudng d6 hong héc A, (t) cha hé théng gobm n phan ti
I3p néi tiép dugc xac dinh bang biéu thuc [2, 41:

M (=20 (1), ®
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trong do: A(t) - cudng dd héng héc cta phan ta thi i,
i=1,2,..,n.

Nhu vay, trong hé néi tiép, cudng d6 hong hoc ctia hé
bang téng cudng dd hdng héc clia cac phan tu.
2.4. Thai gian trung binh lam viéc khéng hdéng cia hé
Tien [2, 412

1
b~ Tn
2N
i=1
2.5. Cudng dd phuc héi cia hé théng lap néi tiép [2, 41:

MO =21

T

tl

)

(10)

2.6. Pai lugng dac trung cho kha ning chuyén trang
thai chia déi tuogng sau phuc héi (phu thudc vao cudng do
hu héng va phuc héi) [2, 4].

AW
y(t) =—

D u(b)

1
1+Zn:yi
i=1

Céc biéu thuc trén dung véi moi quy luat phan b6 thai
gian lam viéc cho dén khi hdng ma ching ta da biét.

2.7.Hésdsdnsang [2,4]: K _ = (12)

Céc biéu thuc trén ap dung cho hé théng truyén dong
€6 gém n phan t 13p néi ti€p vai nhau. Nhu vay ta c6 thé
téng hop lai, vai hé truyén dong ca thong thudng gém 3
phan ti 13p nai tiép ta co:

t t t
—[A (bt —Ihz(t)dt {xa(r)dr

Ph(t)=ﬁR(t)zH(t)P2(t)P3(t):e ° ev ev

ii‘}x,(t)dt 7_l[x2(t)dt —j}\3(t)dt
Qt)=1-P,(t)=1-e° 7 e’

A =D N =N +A, +A,

i=1

1
PRYC)

T

bt

. MO a0
N My (1) + 1, (1) + 15 (1)

>t

u(t) =ZUi =Mt H T,

i=1
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Nhu vay ching ta c6 thé danh gia do tin cay cda bat ky
hé truyén déng co nao théng qua cac chi sé trinh bay trong
hé (13) c6 3 khau l3p néi ti€p, vi du nhu cac hé théng
truyén luc clia cac loai xe hai cau, ba cau, hé théng truyén
déng xe cau, xe Ui,...

3. KET QUA NGHIEN CU'U VA THAO LUAN

Nghién cttu d6 tin cdy hé thong gém ba phan ti lap néi
ti€ép: Ly hgp chinh, Hop s6, Co cau quay vong va phanh
diing ctia 5 xe xich cao t6c T- 55 trong mot don vi st dung.
Gia st sau mét thai gian quan sat nhan dugc cac dir liéu gid
tri vé cudng do hu hong A va cac gia tri mic dé phuc héi p
cla tiing phan tir tuong Gng véi 5 xe dugc trinh bay trong
bang 1.

Can xac dinh cac chi s6 do tin cdy cta hé théng va xay
dung dudng dac tinh d6 tin cdy va xac suat xuat hién hu
héng clia hé théng theo thai gian st dung t.

Tu dit liéu trong bang 1 ta xac dinh dugc gia tri thong ké
trung binh cuong do hu hong A va céc gid tri mdc d6 phuc
h6i trung binh p clia tirng phén ti trong hé théng nhu sau:

anki Zn:ui

MNoine = % =5,62.10" h", Yy e = % —4,46.10"h";

ZN i“i

Moy == =4,310°h ™,y =-5—=3,4.10"h";

2\ 2H
Abccav =%= 5,3.10°, My ccav =%: 4,7.10"h.

Ung vdi hé (9) ta co:

—I)\‘(t)dt —j)\z(t)dt —j)\z(t)dt

Ph(t)=]l[a(t)=a(t)Pz(t)P3(t):e o e el

—11,35.10°.t
=e

t t N
“Ihd - -[aod .
Q(t)=1—Ph(t):1—e o @0 e —]_a 10t

A=Y A=A +\,+A,=11,3510"h"
=1
j— 1 j—
T - 5
S 11,3510
=1

T, —8810,57h

_ANO+NLO+N0  11,3510°h (14

= =0,9.10"
H 0+, () +p(t)  12,56.107'h

MO =D =, +1, +1, =12,56.10'h”
=
1 1

K= " Tr0010°
,H_ZYi +0,9.
i=1

0,9999

Trong hé (14) c6 hai thanh phan:
+ Ham xac suat lam viéc khong héng cta hé théng
(ham tin cdy cta hé théng).
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P (t) _ e711,35.1o*5¢
L (1) =
+ Ham xac sudt hu hong (ham xac suat xuat hién hu
hong):
Q(t)=1- e—11,35.10’5.t (16)

Bang 1. S0 liéu thdng ké cuong do hu hdng A va cac gia tri mic d6 phuc hoi p
clia hé truyén ddng xe xich cao toc T-55

(15)

Poi (o cdu quay vong
tuong LHC Hop s6 va phanh dimng
STT Thams6 |ThamsG | Tham so X | Tham sé | Thamsd A | Tham so

M) (h") (h") (h) (h) u(h)
1 57.10% | 45107 | 4,1.10° | 3,410" | 52.10° | 45.10"
2 55.10% | 46107 | 43.10° | 3,6.10" | 53.10° | 4,7.10"
3 56.10% | 44107 | 4,410° | 33.10" | 51.10° | 4,6.10"
4 55.10% | 4510 | 45.10° | 3,210 | 55.10° | 4,8.10"
5 58.10% | 43.107 | 4,210° | 3,510 | 54.10° | 49.10"

Tu cac phuong trinh ham dé tin cdy ctia hé théng (15)
va ham xdac suat xuat hién hu hong (16) ctia hé théng ta xay
dung dugc dugc d6 thi mé ta quy luat bién ddi do tin cay
va xac suat xuat hién hu hong ctia hé théng truyén dong xe
xich cao t6c T-55 theo thai gian s&r dung nhu hinh 1.
Reliability graphﬁofthe powertrain

Reliabilty graph
= Damage probability graph

o
-

0.56

Reliability of the powertrain
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Hinh 1. D4 thi do tin cdy va xac sudt xudt hién hu hdng ctia hé thong truyén
ddng xe xich cao toc T-55

Nhén xét: Ti do6 thi hinh 1 ta thay, do tin cay P.(t) cha
hé théng gidm dan déu theo thai gian st dung, dé thi ham
xac suat hu hong Q,(t) c6 quy luat ngugc lai, tic la xac suat
xudt hién hu hong clia hé théng sé tang dan déu theo thai
gian. Bac tinh cdc dudng cong trong pham vi nghién ctu
nay dugc gia thiét tuan theo quy luat khai thac thong
thudng. Trong thuc té tly thudc vao chi phi dau tu dac tinh
cac dudng cong c6 thé thay ddi, chdng han khi tinh trang
ky thuat cac phan ti trong hé théng bién xau va viéc khac
phuc dugc tién hanh bang céach stia chita thay thé chu
khong phai bang hoat déng stia chia théng thusng, tuc
tac dong dé thay déi cac gia tri A va u thi tinh chat cla céc
dudng cong ham tin cdy va xac suat xuat hién hu hong sé
thay ddi, day cing la huéng phat trién clia nghién ctu.
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4. KET LUAN VA KIEN NGHI

Viéc nghién ctu danh gia d6 tin cay cda cac hé théng ky
thuat c6 y nghia quan trong, giup dénh gid tinh trang ky
thuat cla cac d6i tugng, lam co s¢ dé€ tién hanh budc
nghién ctu tiép theo nham dua ra cac du bao vé hé s6 du
trt ky thuat, trén co s& dé dé xuat cac ké hoach khai thac
trang bi ki thuat nganh xe may dat hiéu qua hon. Bdo cdo
trinh bay trinh tu danh gia dé tin cdy cta cac doi tugng ky
thuat cé céc phan tur ldp ndi tiép, trong pham vi bdo cao la
hé théng truyén dong cla xe xich cao téc T-55 gém ba
phan ti 13p ndi ti€p véi nhau gém ly hgp chinh, hop sé, co
cdu quay vong va phanh dimng véi cac di liéu gia dinh thu
thap dugc tai cdc don vi st dung.

Céan bd cdng thdng ké dé thu thap dugc cac di liéu tai
cac don vi st dung va stfa chira. Tién hanh thu thap, thong
ké cac dit lieu mot cach ty mi, chinh xac vi d6 chinh xac cla
két qua khao sat phu thudc vao dé chinh xac clia cac dir
liéu thu thap dugc.

VGi cac hé truyén dong nhu cac hé théng truyén luc clia
xe 6 t6 hai cau, ba cau, xe Ui, xe cu hoan toan cé thé van
dung dé danh gia dé tin cay cta ching bdi cac hé truyén
déng cla cac doi tugng trén c6 két cau va nguyén ly hoat
doéng tuong ty, déu la cac hé truyén déng co co cac phan t
I3p nai tiép.
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