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Tom tat

Hé thong phanh ddn déng hén hop thiy luc-khi
nén co két cdu rat phirc tap va thuong duwoc trang
bi trén cac xe vdn tdi cé lon. DJ tin cay, tinh trang
ky thudt cia hé thang phanh quyét dinh d@én tinh
an toan chuyén déng, tinh diéu khién cua 6 t0. Viéc
nghién ciu danh gia duwoc tinh trang ky thudt cua
toan bg hé thong phanh ciing nhw cua tirng cum
va phan tz riéng biét trong hé thong cé y nghia rat
quan trong. Bai bdo trinh bay co sé 1y thuyét xay
dung m6 hinh Markov dwa trén phdn tich dac
diém két cau cua hé thang phanh thiy khi nham
ddnh gid dwoc tinh trang ki thugt cia ca hé thong
va cac phan tiz. Dya trén bg thong sé dau vao la
tan sudt huw hong duoc thong ké tir cdc don vi sir
dung, két qua dau ra la dé tin cdy va c&c quy ludt
suy giam dg tin cdy cua ca hé thong va cac phan
ti trong hé théng phanh. Két qud khdo st cé thé
duoc sir dung dé t6i wu héa viéc du tril phy ting,
thay dsi chu ky tde déng ky thudt, nham nang cao
hiéu qua cua cong tac khai thac trang bj.

Tir khoa: Hé thong phanh thay khi, dé tin cdy, md
hinh Markov.

Abstract

The hydraulic-compressed air brake system has a
very complex structure and is often equipped on
heavy trucks. The reliability and technical states
of the brake system have a significant influence on
the vehicle's safety of movement and
controllability. Therefore, it is essential to study
and evaluate the technical conditions of the entire
brake system, each cluster and element. This
paper presents the theoretical basis for building a
Markov model based on the analysis of structural
characteristics of the hydraulic-compressed air
brake system to assess the technical status of both

the design and its components. Based on the input
parameters that are the failure frequency statistics
from actual units, the output results are the
reliability and the reliability decline rules of both
the system and the elements. The survey results
can help optimize spare parts management,
change the technical impact cycle, and propose
solutions to improve maintenance and repair work
efficiency.

Keywords: Hydraulic-Compressed air brake
system, reliability, markov model.

1. Mé dau

C6 nhirng théng ké cho thiy rang 15% tai nan giao
thong hang ndm & nude ta d6i véi dbi tugng 14 xe tai
va xe khach lién quan dén tryc tric cua hé théng
phanh. Nhiing tai nan nay c6 gay ra thiét hai lén vé
kinh té, thuong tat c& nhan va tham chi tir vong. Diéu
nay cho thay hé théng phanh dong mét vai tro rat quan
trong ddi véi tinh an toan chuyén dong cua 6 td. Do
do, viéc nghién cuiru khao sat d6 tin ciy va an toan cua
hé théng phanh 1a rat can thiét. C6 nhiéu phuong phap
khéac nhau dé khao sat, danh gia tinh trang k¥ thuat
cuia cac hé thong, bai bo tap trung trinh bay phuong
phap xay dyng mo hinh Markov va tng dung trong
nghién ciru xac dinh tinh trang ky thuat hé théng
phanh thay khi trén xe tai hang trung.

Vi md hinh dy bao do tin cay trén co so ly thuyét
Markov c6 c6 thé cung cap co s& dé thiét ké, diéu chinh
va tbi wu hoa chi sé do tin cay. Két qua du bao do tin
cdy s& chi rd duoc c4c phan tir 6 do tin cay thip, tir do
c6 thé c6 nhitng didu chinh chu ky tac dong k¥ thuat
nam muc dich nang cao d tin cay cua cac cum va toan
bo hé thong phanh [1]. Md hinh Markov du béo d tin
cdy ¢6 thé dwoc ng dung véi nhiéu hé thong dong luc
hoc [2]. C6 mét s nghién ciru d chi ra rang ddi véi hé
théng phanh thuy khi trang bi trén 6 t6 tai hang trung,
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hang nang va 6 td cho khéach ty I¢ xuét hién I3i trong hé
thdng c6 thé duoc xem nhu 14 nhitng hing sé va nhu
vay tudi tho trung binh ciia phan tir va hé théng bién doi
theo mot ham liiy thira nao d6 [3]. Pong thoi, toe do
thay doi gitra cac trang thai trong hé thong phanh ciing
¢6 thé coi nhu 1a cac hing s6 khac nhau phu thudc vao
tan suat xuat hién hu hong va kha ning sira chita phuc
hdi. Day chinh 1a diéu kién tién quyét dé wng dung md
hinh Markov trong phan tich, danh gia va du bao d¢ tin
cay cho cac cum va phan tir trong hé thong phanh. Két
qua khao sat bang md hinh Markov s& cho phép du tru
duoc vat tu thay thé, hiu chinh chu ky tac dong ky
thuat nham cai thién hiéu qua cua cong tac bao dudng,
stra chita [5].

2. Phan tich cu trac h¢ théng phanh thay khi
trén xe van tai hang trung

So d6 cau tric hé théng phanh dan dong thiy khi
trang bi trén cac xe van tai hang trung duoc thé hién
trén Hinh 1. My nén khi duoc trich cong suat tir dong
co ddt trong cung cap khi nén cho cac binh chia.
Ngudi lai diéu khién hé théng phanh chinh théng qua
tong van phanh 28 cung cap khi nén &p suét cao qua
céc van va hé thong duong dng dén xi lanh thay khi
24. Pit tong trong xi lanh khi nén 24 tac dong dén pit
téng trong xi lanh thuy lyc mac ni tiép don dau thay
luc &p suét cao téi cac xi lanh phanh banh xe 23 tién
hanh qua trinh phanh. Ngoai hé théng phanh chinh
trén xe con dugc trang bi thém cac chac nang cia hé
thong phanh dy phong, bé tro.
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Hinh 1. So d6 khéi chikc ning hé théng phanh ddn
dgng thazy khi trén xe vdn tdi hgng trung
1. Pong ho; 2. Van kéo; 3,9,27. Binh khi nén; 4. B¢ diéu
chinh &p sudt; 5. Van bdo vé ba ngd; 6. Van ngat phanh ro
mooc; 7. Van bao vé don; 8. Cam bién ap sudt; 10. Van diéu
khién @6 xe; 11. Xi lanh ngat cung cdp nhién ligu; 12. Xi lanh
ddng ndp éng xa bang khi nén; 13. Van hai dong; 14. van
bdo vé; 15. Van diéu khién phanh ro mode; 16,17. Pau néi 1
duwong ddn; 18. Bau néi kiéu "A"; 19. Van phanh ro mooc;
20. B4 diéu hoa lyc phanh; 21. Cam bién bao phanh; 22.
Cdm bién si cé phanh; 23. Xi lanh phanh banh xe; 24. Xi
lanh khi nén; 25. Van diéu khién dau ra; 26. Loc nudc;

28. Tong van phanh; 29. May nén khi.
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Néu chi xét cho h¢ théng phanh chinh, c6 thé chia
ching thanh cac phan: (i). Ngudn cung cip ning
lwong bao gdm may nén khi, van han ché ap suét, cac
binh khi nén; (ii). Phan diéu khién la tong van phanh
hai tang nhan tac dung tir lyc ban dap phanh do nguoi
lai tac dong, dong va ma cac cira van cap khi nén ap
Suét cao téi cac xi lanh khi nén; (iii). Phan dan dong
gom cac dudng dng dan khi nén, thay luc, pit tong cua
xi lanh khi nén va thay luc, xi lanh phanh thuy luc kép
tai cac banh xe; (iv). Phan co cdu phanh bao gdom céc
mé phanh va tang trong tao ra mé men phanh tai cac
banh xe khi thuc hién qua trinh phanh xe. Cac cum
nay duoc ghép ndi tiép vai nhau. Pay chinh l1a gia thiét
chinh khi x&y dung md hinh khao sat d6 tin cay cua
hé thong phanh chinh dya trén mé hinh Markov. Do
tin cay cua hé thong duoc tinh toan cho mé hinh céc
cum va hé thdng c6 kha niang phuc hdi khi dugc mac
ndi tiép nhau.

3. M&é hinh Markov khﬁo sat do tin cay cia co
cau phanh trén h¢ thong phanh thiy khi trén
xe van tai hang trung

Mo hinh Markov dc biét thich hop dé phan tich hé
théng phirc hop [6]. Céc noi dung tac dong ky thuat dé
giam thiéu su suy giam tinh trang k¥ thuat trong quéa
trinh khai thac, véi mot hé thong phanh thay khi c6
nhiéu cum va phan tir cdu thanh 1a rat I6n. Bong thoi,
dua trén bo sé liéu thdng ké hu hong cua cac phan tir
trong hé thong phanh tai cac co s st dung 6 6 (bo s6
liéu théng ké duoc lAy tir dit liéu ghi chép nhiéu nam
tai cac don vi quan Iy va st dung xe & khu vire mién ndi
phia Bic), biang phwong phép tinh toan trung binh
thong ké, cuong d6 hu hong trung binh cua co cau
phanh dugc xac dinh dbi véi xe hoat dong sau
37.500km la 0,0599h. Nhu da gia thiét & phan dau,
cudng d6 hu hong cé thé duoc coi 1a khong ddi ddi véi
phan 16n hé théng co khi phrc tap, tuong ty nhu ddi voi
gia tri cuong do hu hong, thoi gian trung binh gita hai
lan hu hong ciia co cau phanh banh xe duge xac dinh
qua bo s liéu théng ké thyc nghiém la 48.735km xe
chay. Theo s6 tay k§ thuat, thoi gian stra chita dé khic
phuc hur hong tai co ciu phanh ciia mai banh xe 1a trung
binh 1a 2h, do d6 cudng do sira chita 1a 0,5 [7]. Céc
trang thai hoat dong cua co ciu phanh duoc thé hién
trén Bang 1 va so d6 Markov chuyén giira cAc trang théi
dé cap & trén duoc thé hién trén Hinh 2.

V6i céc trang thai dwoc giai thich cu thé nhu sau:

- So: Hé thong tét, hé thdng c6 xéac suat lam viec
khéng hong Po = 1.

- S1: Suy giam chét lugng phanh do hu hong & co
cau phanh mot bén banh xe cau trudc.
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Bdng 1. C4c trgng thai ciia Co cdu phanh va Hé théng

Trang Co cu Co cdu Hé théng
thai phanh cu phanh céu phanh
trude sau chinh
So Tét Tét Tét
S Hong 1 Tt Suy giam
Sz Tét Hong 1 Suy giam
Ss3 Hong 1 Hong 1 Hong
Sq Hong 2 - Hong
Ss - Hong 2 Hong

- Sz: Suy giam chét lugng phanh do hu hong & co
céu phanh mot bén banh xe cau sau.

- S3: Hé thdng xay ra hu hong ¢ tat ca cac co cu
phanh banh xe cau trudc, dan dén hu hong hé thong.

- S4: Hé thdng xay ra hu hong ¢ tit ca cac co cu
phanh banh xe cau sau, dan dén hu hong hé théng.

- S5: Hé thdng xay ra sy c6 do hu hong & tit ca cac
co ciu phanh bénh cau xe truéc va cau sau, dan dén
coi nhu hur hong hé théng.
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Hinh 2. So' dé chuyén cac trgng thai md hinh Markov
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Ma tran chuyén trang thai dwoc thiét lap nhu
phuong trinh (1). Hé phuong trinh vi phan mo ta hé
thdng nham xé4c dinh xac suat cia hé thong va xac suat
clia CAc trang thai dugc xay dung ddi véi hé thong
phanh chinh va co cdu phanh nhu thé hién & phuong
trinh (2).
s.R(s)-1= '(ﬂm + 2o )R)(S) + 240 (s) + 20 Fa(s)
s.P(8)= Ao iy (s)- (’110 st )Pl(s)

Py (S)= Aoy 1 (5) - (Pgg Ay + 2 )5 (5)
s.P(8)=43A(5)

$.P(S)= A P (s)

S.P(S)=AsA(s)+ s Py(s)

2

Sau khi thyc hién phép bién ddi Laplace, ta nhan

duoc hé phuong trinh mé ta hé thong theo mé hinh
Markov nhu hé phuong trinh (3):

%: (g1 + 702 ) By + Zag Pu() + o Py (1)
d:Ilt(t) = JorFo(0)- (o + az + s ) B
S 0+ s+ s P
B ehw

.

%= hasP(0)+ 1ns Py (1)

3)

Trong do: s 1a phép toén bién ddi Laplace, P=o-5(5)

1a x4c suat cua hé thong twong tng Vi cac trang théi tir

So+Ss, Ajx (1) twong tng 14 tan suit hu hong va cudng
d6 phuc hdi chuyén tiép gitra cac trang thai.

Bdng 2. Thong sé dau vao cho tinh toan

sty | CUomedoh Gia i ()
hong

1 o 0,0599
2 o 0,0599
3 ko 0,5

4 s 0,0599
5 has 0,0599
6 ) 0,5

7 fu 0,0599
8 o 0,0599
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Bo sb liéu dau vao cho tinh toan duogc thé hién
trong Bang 2 theo nhu cac phan tich da chi ra ¢ trén
dua trén bo s6 liéu théng ké tai co so sir dung xe ciing
nhu s6 tay phuc vu cho qua trinh cdng nghé bao dudng
va stra chira cac cum va hé thng trén xe.

4. Két qua khao séat va ban luan

V6i b s6 liéu dau vao va giai hé phuong trinh vi
phan (3), ta s& nhian duoc x&c suit 1am viéc khdng
hong ciia toan bo hé thong P, twong wng vai trang théi
So (Hinh 3).
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Xac suét lam viéc khéng hong Py
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Hanh trinh xe chay (km) x10*
Hinh 3. X&c sudt xudt 1am viéc khdng héng ciia co
cdu phanh Po theo hanh trinh xe chay
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Hanbh trinh xe chay (km) «10%
Hinh 4. X&c sudt ciia cac trgng thai xudt hién hue
héng theo hanh trinh xe chay
Bdng 3. X4c sudt ciia CAc trgng thai ciia hé thang tai cac
thoi diém thuc hién cdc tde dpng ki thugt theo chu ky

Xac Baodudngl Béodudng?2 Sirachira vira

sudt  (2000km)  (10.000km)  (50.000km)
Po 0,9810 0,9215 0,796
P 0,0094 0,0372 0,0745
P 0,0094 0,0372 0,0745
Ps  4,78e-05 0,00102 0,001368
Ps  4,78e-05 0,00102 0,001368
Ps 9,57e-05 0,00205 0,02746
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Két qua khao sat véi bo sb liéu dau vao cho thiy
rang khi xé&c suét lam viéc khdng hong cia co ciu
phanh P giam xudng dudi ngudng 0,8, twong tng voi
hanh trinh xe chay la 47.830km. Gia tri hanh trinh nay
rat gan véi gia tri duoc néu trong so tay huéng dan s
dung 0 td véi ngudng hanh trinh 1a 50.000km xe chay
s& thuc hién tac dong ky thuét véi cac cong viéc thuoc
muc sta chira vira.

Trén Hinh 4 thé hién xéac suat xuat hién hu hong
cua cac trang thai khac twong tng tir S1...Ss. T quy
luat nay nhan thiy rang xac suat xay ra hu hong véi
trang thai S1 va S; 14 nhu nhau va luén ¢6 gia tri I6n
nhat. Didu nay c6 thé giai thich rang hé théng phanh
1a ddi xirng theo chiéu doc than xe va viéc xay ra hu
hong & 1 co cau phanh trén mot cau xe (ca trudc va
sau) déu ludn 1a truong hop c6 kha nang xay ra nhiéu
nhat. C6 thé giai thich twong ty véi quy luat bién doi
X4c suat hu hong & hai trang thai S va Sa, tuy nhién
kha niang xay ra hu hong cua ca hai co cau phanh cling
mot thoi diém trén cuing 1 cau xe 12 thip hon.

Két qua tdng hop xac suat xay ra cac trang thai
tuong tng véi chu ky tac dong ki thuat dwoc thé hién
trén Bang 3. Tir két qua nay va nhirng phan tich o trén,
nhan thay c6 thé phai diéu chinh chu ky tac dong ky
thuat & muc sia chira vira s6m hon so véi quy dinh
trong s6 tay huéng din si dung. Voi quy dinh la
50.000km, x4c sut lam viéc khdng hong cua hé théng
Po 14 0,796 dudi ngudng cho phép 1a 0,8. C6 thé giai
thich két qua néu trén dé 1a bo sb liéu thong ké dugc
lay tir cac don vi str dung xe trén dia ban mién ndi phia
Béc, véi dic diém dia hinh nhiéu dc cao, nhiét do va
d6 am Ion s& gay tac dong tiéu cuc rat Ion dbi véi co
c4u phanh néi riéng va h¢ thdng phanh néi chung cua
6 t6. Do vay, hé théng phanh c6 cuong d6 hoat dong
cao hon.

5. Két luan

Bai bao da trinh bay dugc ndi dung va phuong
phép xay dung mo6 hinh Markov nham danh gia tinh
trang k¥ thuat cia co cdu phanh trén hé théng phanh
dan dong thiy lyc khi nén két hop trén co so phan tich
c4u trlic cia hé thng, sir dung bo sb liéu thdng ké 1am
dau vao. Gia tri xac suat lam viéc khoéng hong cua hé
thdng theo cac trang thai twong Gmg dugc xac dinh
thong qua phuong phap néu trén c6 do tin cay tot sau
khi so sanh véi cac ngudng quy dinh ciia nha san xuat.
Tir @6 nhan thiy mé hinh Markov xay dung duoc c6
tinh kha dung cao trong nghién ciru xac dinh d6 tin
cdy cling nhu tinh trang ky thuat cta cac cum va hé
thong phuc tap. Ddi voi ddi tugng dwoc lya chon
nghién cau la 6 té van tai hang trung hoat dong trén
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dia ban mién ndi phia Béc, d& xuét giam thoi gian chu
ky tac dong k¥ thuat voi muc sira chira vira xudng
47.000km xe chay dé dam bao duy tri dugc ngudng
Xéc sut 1am viéc khong hong cua toan hé théng luén
I6n hon hodc bang 0,8. Tuy nhién, bai bao mai chi xay
dung dugc md hinh Markov véi 6 trang thai dac trung

va phan nhiéu tap trung vao hu hong cua co cu phanh.

Huéng nghién ciru tiép theo s tiép tuc phat trién mo
hinh néu trén cho cac cum khac cua toan bo hé théng
nhu cac van diéu khién, van bao vé, xi lanh thay khi.
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