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Abstract: On the Cat Linh - Ha Dong urban railway line, there are 13 trains, each train
consists of 4 cars with configuration Tc1-M0-M1-Tc2, with 26 motor cars and 26 trailer cars.
The reliability of subsystems, cars and trains, the reliability and lifetime of wheelsets due to
wear and tear have been calculated by using the software “Evaluation of the reliability and
safety of rolling stock in operation on the Cat Linh - Ha Dong urban railway line” with
statistic data on train service disruptions on the line and disruption incidents for unscheduled
repairs at the depot. The article presents one of the above contents, assessing the reliability
of cars and trains operating on the line and repairing at the depot. The calculation results
show the reliability, availability, and maintainability of the objects, thereby helping users
have appropriate solutions in planning spare parts, and replacement materials, reducing
downtime for maintenance and repair, and contributing to improving vehicle operating
efficiency.
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Tom tat: Tuyén duong sat do thi Cat Linh - Ha Pong c¢6 13 doan tau, mdi doan tau gom 4
toa xe ¢6 cau hinh Tc1-M0-M1-Tc2, véi 26 toa dong luc va 26 toa kéo theo. Sir dung phan
mém “Panh gia gia do tin cay va an toan cia phuong tién duong sat do thi tuyén Cat Linh -
Ha Pong trong qua trinh khai thac”, vai b liéu thong ké vé cac su ¢b gay gian doan chay tau
trén tuyén va sy ¢b dan dén stra chira dot xuat tai depot, da xac dinh duoc d tin cay cua cac
phan hé, do tin cay cua cac loai toa xe va doan tau, do tin cay va thoi han lam viéc cuaa bo
truc banh xe do hao mon. Bai bao nay trinh bay mot trong nhitng ndi dung néu trén, do la
danh gia do tin ciy cia cac toa xe va cac doan tau trong qué trinh van hanh trén tuyén va
trong qua trinh bao dudng, stra chira tai depot. Két qua tinh toan cho phép hinh dung dugc
mtc tin cay, tinh sin sang, kha nang bao dudng cuia cac d6i tugng da néu, giup cho don vi sir
dung co cac giai phap thich hop trong viéc 1ap ké hoach du phong phu tung, vat tu thay thé;
cac giai phap giam thoi gian dimg dé bao dudng, sira chita, gop phan nang cao hiéu qua khai
thac cua phuong tién.

Twr khéa: danh gia dg tin cay, toa xe, doan tau metro, Cat Linh-Ha Pong, qua trinh khai thac.
© 2024 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

Poan tau metro Cét Linh - Ha Dong gom 4 toa xe ¢6 cau hinh: Tcl- MO + M1 — Tc2 (trong
d6 Tcl, Tc2 la cac toa xe kéo theo c6 budng lai; MO, M1 1a cac toa xe dong luc). Poan tau gom
2 don nguyén dong luc, mdi mot don nguyén dong luc do mot toa toa Tc va mot toa xe M tao
thanh, duoc thé hién trén hinh 1 [1-3]. S6 lwong doan tau la 13 doan véi tong s6 52 toa xe, trong
d6 ¢o6 26 toa dong luc va 26 toa kéo theo.
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Hinh 1. C4u hinh doan tau metro tuyén Cat Linh — Ha Pong [1-3].

Phuong tién dudng sat d6 thi (doan tau metro) véi vai tro la mot hé thong k§ thuat phirc
hop doc lap, duge phan chia thanh cac phan h¢ nhu: than xe, bo phan chay, truyen dong, thiet
bi ham, diéu khién, thiét bi phu v.v.

Pé danh gia do tin cay cia phuong tién, can danh gia dugce do tin cay cua cac phan hé.
Trén co s& md hinh danh gia do tin cdy cua phuong tién dudng sat do thi tuyén Cat Linh-Ha
Péng [4-5], bang ngon ngir 18p trinh Java [6 - 8] va hé quan tri co s¢ dit liéu SQLite [9 - 12] da
xay dung dugc phan mém “Danh gia gia do tin cay va an toan caa phuong tién duong sit do thi
tuyén Cat Linh - Ha Pong trong qua trinh khai thac” Trén co s ngdn ngit lap trinh Java [6 - 8]
va hé quan trj co so dir liéu SQLite [9 - 12] di xay dung duoc phan mém “Panh gia gia do tin
cdy va an toan caa phuong tién duong sit do thi tuyén Cat Linh - Ha Pong trong qua trinh khai
thac” voi cac chirc nang tong quat nhu sau:

1. Panh gia d¢ tin cay va tinh sin sang cua phuong tién trong qua trinh van hanh trén tuyén;
2. Panh gia tinh sin sang va kha nang bao dudng cia phuong tién trong qua trinh bao dudng,
sua chira tai depot; 3. Banh gia do tin cay va thoi han lam viéc caa b truc banh xe do hao mon
trong qua trinh van hanh trén tuyén; 4. Danh gia d6 an toan cua phuong tién trong qua trinh van
hanh trén tuyén; 5. Banh gia trang thai xac suat giGi han ciia phuong tién trong qué trinh van
hanh trén tuyén.

Trong khoang thoi gian tir khi bat dau khai thac 06/11/2021 dén 31/3/2024 (gan 29 thang)
da thu thap duoc cac loai s6 liéu thong ké vé su cb ctia doan tau metro tuyén Cat Linh-Ha Dong
nhu sau (bang 1).

Bang 1. S6 liéu thong ké vé sy ¢ cua doan tau metro tuyén Cét Linh-Ha Pong.

Trén tuyén Tai depot Hao mon banh xe
Sucbgaytré Swcdgdymat Sysddindén  S6 liu hao S6 liéu hao Sb liéu gia
ngai chay tau antoanvatai  sua chira dot mon matlan  mon go banh  ting chiéu cao
(cham tau) nan XUt gd banh
01 0 264 416 416 416

Bing phan mém néu trén, da xac dinh va danh gia duoc do tin cay cua toan bo phuong tién
trong khoang thai gian khao sat twong (g véi cac chirc niang da néu. Két qua tinh toan co noi
dung va khéi lugng kha 16n, khudn kho mot bai bao 1a ¢6 han, do d6 khdng thé trinh bay tat ca
cac két qua tinh toan trong mot bai bao, ma phai trinh bay cac noi dung dé trong mot sé bai bao
khac nhau. Vi vay, trong bai bao nay chi trinh bay cac két qua danh gia do tin cay cua cac toa
xe va cac doan tau metro tuyén Cat Linh - Ha Dong trong qua trinh van hanh trén tuyén va trong
qua trinh bao dudng, stra chira tai depot.

2. PANH GIA PQ TiN CAY CUA TOA XE TREN POAN TAU METRO TUYEN CAT
LINH - HA PONG

2.1. Pdnh gid dé tin cdy ciia toa xe trong qud trinh v@n hanh trén tuyén Cdt Linh — Ha Péng
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Nhu thé hién trong bang 1, trén tuyén duy nhat c6 01 su ¢, d6 la doan tau HNOO8 ngay
04/8/2023, toa xe Tc2, Phan h¢ thiét bi phy, Tiéu phan hé Di¢n budng lai, Phan tir Tu diu
khién, tai ga Cat Linh khong xuét phat duoc do mat stc kéo, do 16i cua ro le diéu khién toc do
5 km/h, s6 higu 20K72, phai ding ¢ ga Cét Linh gay cham tau 5 phut sau khi da diéu tau HNO13
Ién thay the.

~ Nhu vy, do tin ciy cua toan bo phuong tién phu thudc duy nhat vao Phan tir Tu diéu khién,
Ticu phan hé bién buong lai, Phan h¢ thiét bi phu. Két qua danh gia thé hién trén cac giao dién
hinh 2 - 4.

& — X
S6 liéu Boan tau Toa xe Theigian Chirc ning
.+ Trén tuyén i
Tai Depot 6. PHAN HE THIET B] PHU
-

Di tin cdy  An toan

Cic chi tiéu danh gia 4 tin ciy

Théi gian lam viée trung binh I(Ts) (h) 15264.0
Thei gian phuc hi trung binh E(r) () 0.0830000
Cuémg d héng 7., (1/h) 6.55136E-05
Cuémg a9 phuc hdi p, (1/h) 12.0482

HE sb siin sing S_ 0.999995
HE 56 khéng sin sing K_ 5.43760E-06
Ham sin sang S (1) S5 D6 thi 5.0
Ham khéng sin sang K () { DG thi K@)

Dd tinh todn va cdp nhdt 56 Ifdu

Hinh 2. Giao dién téng quat xac dinh cac chi tiéu do tin cay caa phan ti.
w = X

S0 L]:E'[.'ABA_\'AH GL-QAD_O TIN CAY
6. PHAN HE THIET BI PHU
$6 liéu: - Trén tuyén
Poan tau: - HN0O01 - HN002 - HN0O3 - HN004 - HN0OS - HN00G - HN00T - HN00S - HN002 - HN010 - HNO11 - HN012 - HN013
Toa xe: - Tel - MO - M1 - Te2
Théi gian bt dau khio sat: 06-11-2021
Thoi gian két thic khao sat: 31-03-2024

Phiin tit jii) S8 liéu Poin tau Toa xe Ngay t () 7 (h)
632 | ¢ | Tréntuyén | HNOOS | Te2 | 04082023 | 15264 | 0.083

Hinh 3. Giao dién hién thi sb liéu thdng ké thoi gian lam viéc gitra cac 1an hong va thoi gian phuc hoi
cua phan tur.
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BANG TONG HOP KET QUA DANH GIA DO TIN CAY
6. PHAN HE THIET BI PHU
$6 liéu: - Trén tuyén
Poan tau: - HN00L - HN002 - HN0O3 - HN004 - HN0OS - HNOOG - HN0OT - HNOOS - HN00? - HN010 - HNO11L - HN012 - HNO13
Toa xe: - Tel - MO - M1 - Te2
Thai gian bit diu khao sat: 06-11-2021
Thoi gian két thiic khdo sat: 31-03-2024

T Théng s Gia tri Pon vi
1 E(Ts) 15264.0 b

2 E(rs) 0.0830000 h

3 s 6.55136E-05 1/h
4 ns 12.0482 1/h
5 Ss 0.999995

6 Ks 5.43760E-06

7 Ss(t) 0.999995 + 5.43760E-06 exp(-12.0483 t)

8 Ks(1) 5.43760E-06 - 5.43760E-06 exp(-12.0483 1)

Hinh 4. Giao dién hién thi cac chi tiéu danh gia do tin cay cua phan ti.

Céc chi tiéu do tin cay cua toa xe Tc2 trong qua trinh van hanh trén tuyén duoc xac dinh
bao gdbm: thoi gian 1am viéc trung binh giita cac lan hong E(Ts): 15264,0 h, thoi gian phuc
héi trung binh E(z,) = 0,083 h, cuong do hong A = 6,55136.10°° h', cudng phuc hdi x, =
12,0482 h%, ham sin sang S, (t)= 0,999995 + 5,43706.10%exp(-12,0483t), h¢ sb san sang S,
= 0,999995, ham khdng sin sang K (t) = 5,43706.10°° - 5,43706.10%exp(-12,0483t) va hé s6
khong san sang K, = 5,43706.10°. Qua day thdy rang, muc tin cy cua toa xe Tc2 khi van hanh
trén tuyén trong khoang thoi gian khao sat la thap nhat nhung van cé hé sé sin sang rat cao, S,
=0,999995. C4c toa xe con lai dugc coi la co do tin cay tuyét ddi.

2.2. Ddnh gid dj tin cdy Ciia toa xe trén doan tau metro tuyén Cdt Linh - Ha Péng trong qud
trinh bdoe dwéng sira chiva tat depo

2.2.1. Danh gia d¢ tin cdy cua toa xe Tcl trong qud trinh bde dwéng sira chira tai tai depot
S6 ligu théng ké vé su ¢d dan dén phai sira chita dot xuat tai depo cua toa xe Tcl trong
khoang thoi gian tir 06/11/2021 dén 31/3/2024 thé hién trong bang 2.
Bang 2. S4 liéu théng ké vé su c6 din dén phai stra chita dot xuit tai depo cua toa xe Tcl.
Thoi gian lam viéc

TT

£ Phan . Poan . AT Thoi gian
_59 i Vi tri . Toa xe Ngay gitra cac lan hong, ohuc héi, h
liéu h
1 151 Tai HNOO01 Tcl 13-09-2023 13224 60
Depot
2 151 Tal pNoor Tel  15-12-2023 2232 0,25
Depot
3 151 Tai HNO002 Tcl 27-03-2023 12144 0,25
Depot
4 151 ¥ pHNoOs  Tel  25-06-2023 14304 0,5
Depot
5 151 Tai HNO06 Tcl 2/10/2023 16680 0,417
Depot
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Tai

74 6.5.1 HNO11 Tcl 24-05-2022 4776 1,5

Debot

Tai
75 6.5.1 Depot HNO011 Tcl 26-09-2022 3000 0,75

Tai

76 6.5.1 Debot

HNO11 Tcl 17-01-2024 11472 0,75

Két qua tinh toan danh gia do tin cay cho toa xe trong qua trinh bao dudng sira chita tai tai
depot dugc thé hién cac giao dién hinh 5 - 8.
L] h B h = ‘ X
Séliéu Poan tiu Toa xe Théi gian Chire ning
v Tel
' MO PHUONG TIEN
M1
Dé tin ¢dy  An Tc2  |thai giti han

Cic chi tiéu danh gia 3 tin ciy

Théi gian 1am viéc trung binh E(T)) (h) 580.592
Thei gian phuc hoi trung binh E(r) () 3.84982
Cuong d§ hng ., (1/h) 0.00172238
Cuimg a9 phyc hi p, (1/h) 0.259752
HE s6 sin sang S, 0.993413
Hé 56 khéng sin sang K, 0.00658718
n .
Ham sin sang S (1) S Do thi S, (1)
i Ham khong sin sing K_(6) | Dd thi K (1)
i Da tinh todn va cap nhat 56 ligu

Hinh 5. Giao dién téng quat xac dinh cac chi tiéu do tin cay cua toa xe Tcl.

S Db thi ham Ss(t) - o X
Pé thi ham san sing
Ss(t) = 0.993413 + 0.00658718 exp(-0.261474 t)

1.0000
0.9995
0.9990
0.9985
0.9980
09975
0.9970
0.9965
0.9960

09955

Z 0.9950
0.9945
0.9940 \
0.9935

0.9930

0.9925
0.9920
0.9915
0.9910

0.9905

0 100 200 300 400 500 600 700 300 900 1,000 1,100
t W
—Ss(t)

Hinh 6. Giao dién hién thi ham san sang cua toa xe Tcl.
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= - P

SO LIEU PANH GIA PO TIN CAY
PHUONG TIEN
S6 liéu: - Tai Depot
| Doan tau: - HN001 - HN0O02 - HN003 - HN0O4 - HN00S - HN0OG - HN007 - HN00S - HN009 - HN010 - HN011 - HN012 - HN013
Toa xe: - Tcl
Théi gian bit diu khao sat: 06-11-2021
Théi gian két thiic khao sat: 31-03-2024
Tong s6 sb lidu: 76

| T Phin tir i) 36 liéu Doin tau Toa xe Ngay t (h) 7 (h)
60 6.3.7 7 Tai Depot | HNOO0G Tel 11-08-2023 15432 0.333
61 6.3.7 9 Tai Depot | HNOOT Tel 30-05-2023 13680 0.417
62 6.3.7 10 Tai Depot | HNOO9 Tel 17-09-2022 7560 0.25
63 6.3.7 16 Tai Depot | HNOL1 Tel 20-05-2023 18744 0.25
64 6.3.7 17 Tai Depot | HNO12 Tel 20-02-2022 2544 0.25
65 6.3.7 18 Tai Depot | HNO013 Tel 25-05-2023 13440 0417
66 6.4.1 10 Tai Depot | HNOL1 Tel 22032023 12024 0.25
67 6.4.2 1 Tai Depot | HNOOL Tel 20-05-2023 13440 0.25
68 6.4.2 9 Tai Depot | HNOL0 Tel 01-12-2022 9360 0.25
69 6.5.1 1 Tai Depot | HNOOL Tel 20-02-2022 2544 0.5
70 6.5.1 2 Tai Depot | HNOOL Tel 13-05-2023 10728 0.25
71 6.5.1 7 Tai Depot | HNO0OT Tel 13-02-2022 2376 0.75
7 6.5.1 8 Tai Depot | HN0OT Tel 20-02-2022 168 0.75
73 6.5.1 9 Tai Depot | HNOOT Tel 21-08-2023 13128 0.5
7 6.5.1 13 Tai Depot | HNOLL Tel 24-05-2022 14776 L5

| 7 6.5.1 i¥] Tai Depot | HNO11 Tel 26-09-2022 3000 0.75

‘ 76 6.5.1 15 Tai Depot | HNOLL Tel 17-01-2024 11472 0.75

Hinh 7. Giao dién hién thi s liéu théng ké thoi gian lam viéc giita cac 1an hong va thai gian phuc hdi
cua toa xe Tcl.

BANG TONG HOP KET QUA DANH GIA DO TIN CAY
| PHUONG TIEN
S liéu: - Tai Depot
Poan tau: - HN0OO1 - HN0O02 - HNDO03 - HN004 - HN0OS - HN0OOG - HNOOT - HN00S - HN009 - HNO010 - HNO11 - HN012 - HN013
Toa xe: - Tel
| Thoi gian bat @du khio sat: 06-11-2021
Thei gian két thic khao sat: 31-03-2024

T Théng sb Gia tri Don vi
1 E(Ts) 580.592 h

2 E(ts) 3.84082 h

3 is 0.00172238 1/h
4 ns 0259752 1/h
5 Ss 0.993413

6 Ks 0.00658718

7 Ss(t) 0.993413 + 0.00658718 exp(-0.261474 £)

8 Ks(r) 0.00658718 - 000658718 exp(-0.261474 £)

Hinh 8. Giao digr;hién thi cac chi tiéu danh gia do tin cay cua toa xe Tel.

Nhu vay, cac chi tiéu do tin cay cua toa xe TC1 giai doan tir 06-11-2021 dén 31-03-2024
dugc xac dinh bao gom: thoi gian lam viéc trung binh giira cac lan hong E(T,)= 580,592 h,
thi gian phuc hdi trung binh E(7,) = 3,84982 h, cuong do hong A, = 0,00172239 h'?, cudng
phuc hdi 4, = 0,259752 h', ham sin sang S ()= 0,993413 + 0,00658718exp(-0,261474t), hé
s6 sin sang S, = 0,993413, ham khong sin sang K, (t)= 0,0055718 - 0,0055718exp(-0,
261474t) va hé s6 khong sin sang K= 0,00658718.

2.2.2. Danh gia d¢ tin cdy cua cac toa xe M0, M1 va Tc2 trong qud trinh bdo dwéong sira
chia tai tai depot

Qua trinh danh gia do tin cay cua cac toa xe M0, M1 va Tc2 trong qua trinh bao dudng stra
chtra tai tai depot giai doan tir 06-11-2021 den 31-3-2024 dugc tién hanh twong tu nhu doi voéi
toa xe Tcl. Két qua tinh toan thé hién trong bang 3.

2.2.3. Tong hep va phan tich két qud danh gid dg tin cdy cia cdc logi toa xe
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Céc chi tiéu d6 tin cay cua cac loai toa xe giai doan tir 06-11-2021 dén 31-03-2024 thé hién
trong bang 3 va cac hinh 9 - 10.
Bang 3. Tong hop chi tiéu d6 tin cay cua cac loai toa xe giai doan 06-11-2021 dén 31-03-2024.
Thoi gian

Toa xe lam viéc gitra cac 1an Tho gran Hé s sin sang, S
. phuc hoi, h
hong, h

Toaxe Tcl 581 3,85 0,993413
Toa xe MO 280 1,32 0,995305
Toa xe M1 645 0,73 0,998874
Toa xe Tc2 478 0,78 0,998499

w 700 645

5 o0 581

ng-:E 500 478

‘.é% 400

&%

T,l_; E 200

2%

£ 3,85 132 0,727 0,76

Toa xe Tel Toa xe MO Toa xe M1 Toa xe Te2
M Thei gian lam viéc, h M Théi gian phuc héi, h

Hinh 9. Biéu d6 cac chi tiéu thoi gian lam viéc va thoi gian phuc hoi cua cac loai toa xe giai doan 06-
11-2021 den 31-03-2024.
1

0,998874
0,999 0,998499

o 0998
ub 0,997

‘? 0,996 0,995005
o5 0,995

o 0,994 0,993413
@ 0,993
T 0,902
0,991
0,99
Toa xe Tcl Toa xe MO Toa xe M1 Toa xe Tc2

Hinh 10. Biéu db hé sb sin sang cua cac loai toa xe giai doan 06-11-2021 dén 31-03-2024.

K&t qua tinh toan cho thdy do tin cay hay hé s6 sin sang ciia cac toa xe Xép tir cao xudng
thap la: 1. Toa xe M1; 2. Toa xe Tc2; 3. Toa xe MO; 4. Toa xe Tcl.

Toa xe Tcl co do tin cay thap nhat duoc ly giai nhu sau: 1. Phan hé than xe, toa xe Tcl,
doan tau HNOO6: ngay 03/11/ 2023, phan tir cira hdng khoang khéach bi su ¢é: gitra kinh 2 16p
ctra A12 bi hip hoi (bi mo, mdc), phai cho thay mai mat 3600 phut (60 tiéng); 2. Phan hé than
xe, toa xe Tcl, doan tau HNOO6: ngay 03/11/ 2023, phan ti cira hong budng lai thdng khoang
khach bi sy cé: gitra kinh 2 16p ctra toa khach v6i budng 1ai bi mbc, phai chd thay mai mat 3600
phut (60 tiéng); 3. Phan hé than xe, toa xe Tcl, doan tau HNO12: ngay 13/9/2023, phan tir cira
héng khoang khach bi su cé: 15i cia bo diéu khién cira, phai cho thay méi méat 3600 phut (60
tiéng). Ngoai ra, do tin cay cua toa xe con phu thudc vao tuong quan gitra thoi gian lam viéc
gitta cac 1an hong va thoi gian phuc hdi cia cac phan tir cia no.
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3. PANH GIA PO TiN CAY CUA POAN TAU METRO TUYEN CAT LINH - HA

PONG TRONG QUA TRINH KHAI THAC
3.1. Ddnh gid dé tin cdy ciia doan tau trong qud trinh vé@n hanh trén tuyén

Nhu thé hién trong bang 1, trén tuyén duy nhat c6 01 su ¢6 gay tro ngai chay tau, do la
doan tau HNOO8. B¢ tin cay ctia doan tau HNOO8 hoan toan tuong (ng vai do tin cay caa toa
xe Tc2 trong doan tau. Nhu vay, muc tin cay cia doan tau HNOO8 khi van hanh trén tuyén trong
khoang thoi gian khao sat la thap nhat nhung van ¢ hé s6 san sang rat cao, S, =0,999995. C4c

doan tau con lai duoc coi 1a co do tin cay tuyét doi.

3.2. Danh gid d¢ tin cdy cua doan tau trong qud trinh bde dwéng, sika chira tei depo

3.2.1. Panh gid dg tin cdy cua tieng doan tau

Viéc danh gia do tin cay dugc tién hanh cho ting doan tau, tir HN0OT dén HN013. Két

qua tinh toan cho doan tau HNOO1 thé hién trén cac giao dién hinh 11 - 14.

Hinh 11.

2 = X
S§ liéu Doin tiu Toa xe Theigian Chire nang

~  HNOOL

‘ HN002 PHUGONG TIEN
HNOO3
Diti  HNOM4 | Trang thii giéi han
HNOOS I, oyt
Cic chi tiéu dinh gid 5 tin iy
HN006
HNOOT Théi gian lam vige trung binh E(T,) (h) 1316.02
HN0OS
HNGO® Thoi gian phuc hdi trung binh E(r,) (b) 3.46498
HN010
HN011 Cuwéng @ héng &, (1/h) 0.000759869
HN012
HNO13 Cuémg ) phuc hii p, (L/h) 0.288602
He 56 san sang S 0.097374
HE 56 khing sin sing K, 0.00262602
Ham sin sing S,() 5 D6 thi S (1)

Ham khéng sin sing K (t) K D6 thi K (0)

D tinh todn va cap nhdt 56 ligu

Giao dién tong quat xac dinh cac chi tiéu do tin cay cua phuong tién.

S DB thi ham Ss(t) — o X
Da thi hiam san sang
Ss(t) = 0.997374 + 0.00262602 exp(-0.289362 1)
1.0000
0.9998
0.9996
0.9994
0.9992
0.9990
0.9988
0.9986
0.9984
0.9982

Ss(t)

0.9980
0.9978
0.9976
09974

0.9972
0.9970
0.9968
0.9966
0.9964
0.9962

60 80 100 120 140

t, (h)

160 180 200 220 240 260

-—Ss(l)

Hinh 12. Giao dién hién thi ham sin sang cta phuong tién.
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|
SO LIEU DANH GIA DO TIN CAY
PHUONG TIEN
Si liéu: - Tai Depot
Doan tau: - HN0O1
Toa xe: - Tel - MO - M1 - Te2
Thoi gian biit diu khio sat: 06-11-2021
Théi gian két thic khio sit: 31-03-2024

X

Phin ti m 54 liéu Poan tau Toa xe Naiay t (h) T ()
5. ai Depot HN001 Tcl 13-00-2023 13224 [
ai Depot HNO001 Tcl 15-12-2023 2232 0.25
ai Depot HNO001 MO 30-03-2023 12216 0.25
ai Depot HNO001 MO 6-00-2023 384 167
ai Depot HN001 ML 2022 967. 833
ai Depot HNO001 T2 2022 972 .417
ai Depot HNO001 Te2 )-01-2023 1080 17
ai Depot HNO001 MO -01-2022 1488
ai Depot HN001 L 4-04-2022 3316 0.417
ai Depot HNO001 [ 7-07-2023 9312 0.08
epot HNO001 05-11-2023 17496 1
13 epot HN001 [ 04-11-2023 17472 1
17 ai Depot HN001 [3 03-01-2024 1488 0.25
1 epot HNO001 23-08-2022 6960 0.417
.1 1 epot HNO001 11-02-2023 17424 0.75
7 2 ai Denot HNO0L i 09-09-2022 7368 0.667
s g e i oy

cua phuong tién.

- X
BANG TONG HOP KET QUA DANH GILA PO TIN CAY
PHUONG TIEN
S5 liéu: - Tai Depot
Poan tau: - HNOOL
Toa xe: - Tel - MO - MI - Te2
Théi gian bit diu khio sat: 06-11-2021
Thei gian két thac khio sat: 31-03-2024
T Théng sb Gia tri Pon vi
1 E(Ts) 1316.02 b
2 E(rs) 3.46498 b
3 is 0.000759869 1h
4 s 0.288602 1h
5 Ss 0.997374
6 Ks 0.00262602
7 Ss(t) 0.997374 + 0.00262602 exp(-0.289362 )
3 Ks(7) 0.00262602 - 0.00262602 exp(-0.289362 1)

—

Hinh 14. Giao dién hién thj cac chi tiéu danh gia d6 tin ciy cua phwong tién.

Céc doan tau con lai tir HNOO2 dén HNO13 dugc tinh toan trén phan mém twong tu nhu
doan toan HNOOL. Tong hop két qua danh gia do tin cay caa 13 doan tau thé hién trong bang 4.

3.2.2. Phan tich két qua ddnh gid dg tin cdy cia ting doan tau

Cac chi tiéu do tinq cay cua cac doan tau giai doan 06-11-2021 dén 31-03-2024 duoc tong
hop trong bang 4 va thé hién trén cac hinh 15 - 16.

Bang 4. Tong hop chi tiéu do tin cay cua cac doan tau giai doan 06-11-2021 dén 31-03-2024.

Doan tau

Thoi gian
lam viéc gitra cac lan hong, h

Thoi gian
phuc hdi, h

Hé s sin sang, S

HNO001

1316

3,46

0,997374

HNO002

2013

1,79

0,99911

HNO003

1925

0,71

0,999632

HNO004

5498

1,04

0,999811

HNO05

2150

0,66

0,999685

HNO006

2309

16,32

0,992985

HNO0O07

1717

0,58

0,999661

HNO008

1801

1,41

0,999218

HNO009

1473

0,53

0,999638

HNO10

1334

0,85

0,999362
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HNO011 2088 1,33 0,999361
HNO012 445 2,67 0,994025
HNO013 2284 1,11 0,999511

_‘é" 6000 5408

’Ef 5000

sg ,g 3000

E ::-: 2013 1925 - 1717 1801

Ti-.:;; 2000 a6 1473 4334

:-g - L L L L L MS

Doan Doan Doan Doan Doan PHoan DHoan Doan Doan DHoan PHoan Doan Doan
tau tau tau tau tau tau tau tau tau tau tau tau tau
HNOO1 HNO02 HNO003 HNO004 HNOO5 HNO006 HNO07 HNO0O8 HNO009 HNO10 HNO11 HNO12 HNO13

M Thei gian lam viéc, h M Thei gian phuc hdi, h

Hinh 15. Biéu d6 cac chi tiéu thoi gian 1am viéc va thoi gian phuc hoi cia 13 doan tau giai doan 06-
11-2021 dén 31-03-2024.

aooesy 999652 0,999811 0,999685 0,999661 350515 999638 0,909362 0,999361 0,999514

1 .

0,008 0997374
wv
® 0,99
! 0,994025
WS 0,99 0,992985
P

0,992
p

0,99

0,988

Poan Poan Poan Poan Poan Poan Poan Doan Poan Doan Poan Poan Poan

S

Héso s
o

tau tau tau tau tau tau tau tau tau tau tau tau
HNOO1 HNO002 HNO003 HNOO4 HNOO5 HNO0O6 HNOO7 HNOO8 HNO009 HNO]O HNO11 HNO12 HNO13

Hinh 16. Biéu db hé sb sin sang cua 13 doan tau giai doan 06-11-2021 dén 31-03-2024.

Két qua tinh toan cho thay dé tin cay hay hé s6 sin sang ciia cac doan tau xép tir cao xudng
thap nhu sau (bang 5).

Bang 5. Xép hang thir ty do tin cay cac doan tau.

TT Poan tau Hésésansang,S  TT Poan tau Hé s6 san sang, S

1 HNO004 0,999811 8 HNO11 0,999361
2 HNOO05 0,999685 9 HNO0O08 0,999218
3 HNOO7 0,999661 10 HNO002 0,99911
4 HNO09 0,999638 11 HNOO1 0,997374
5 HNO003 0,999632 12 HNO012 0,994025
6 HNO13 0,999511 13 HNOO06 0,992985
7 HNO10 0,999362

Két qua tinh toan cho thay d6 tin cay hay hé s san sang cua doan HNOO6 va HNO12 la
thip nhat. Biéu nay duoc 1y giai nhu sau:

1. Phan hé than xe, toa xe Tcl, doan tau HNOO6: ngay 03/11/ 2023, phan ti cira hdng
khoang khach bj sy c6: gitra kinh 2 16p cira A12 bi hdp hoi (bi mo ), phai cho thay méi mét
3600 phit (60 tiéng); 2. Phan hé than xe, toa xe Tcl, doan tau HNOOB: ngay 03/11/ 2023, phan
tir cira hdng budng lai thdng khoang khach bi si ¢é: gitra kinh 2 16p cira toa khach v6i budng
14i bi méc, phai cho thay mai mat 3600 phat (60 tiéng); 3. Phan hé than xe, toa xe Tcl, doan
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tau HNO12: ngay 13/9/2023, phan tir cira hong khoang khach bi su cd: 18i cuia bo diéu khién
ctra, phai cho thay méi mat 3600 phut (60 tiéng). Ngoai ra, do tin cay cua doan tau con phu
thudc vao twong quan gitra thoi gian lam viéc giira cac lan hong va thoi gian phuc héi cua cac
phan tir caa no.

3.2.3. Danh gia d¢ tin cdy cuaa toan by phwong ti¢n trong qud trinh bde dwéng, sira chira tai
tai depot
a. Pdnh gid dg tin cdy cia toan bg phuong tién trong giai doan 06/11/2021 dén 31/3/2024
Két qua tinh toan thé hién trén cac giao dién hinh 17 - 20. Nhu vy, cac chi tiéu do tin
cay cua phuong tién giai doan 01-01-2024 dén 31-03-2024 dugc xac dinh bao gom: thoi gian
lam viéc trung binh giita cac lan hong E (T, )= 2271,52 h, thi gian phuc hdi trung binh E(z,)
=0,9666 h, cudng d6 hong A, = 0,00044 h*, cuong dd phuc hoi x, = 1,03455 ht, ham san sang
S, (t) =0,999575 + 0,000425354exp(-1,03499t), hé s6 san sang S, = 0,999575, ham khong san

sang K, (t)= 0,000425351 - 0,000425351exp(-1,03499t) va h¢ sé khong sin sang K, =
0,000425351.

a2 & Caiditkhodngt. — X

| CAI DAT KHOANG THOT GIAN KHAO SAT

I
PHUONG TIEN
' PHUONG TIEN
Théi gian bat diu | 01-01-2024 @

DY tin chy An toan Trang thai gioi han Théi gian két thic 31-03-2024 (i)

Ciic chi tiéu dinh gid 4 tin cjy Mie dinh

Thoi gian lam vigc trung binh E(T,) (h) 227152

Thoi glan phuc héi trung binh E(z,) (1) 0.966604
Cuérng @6 hong &, (1h) 0.000440234
Curég @ phue hidi p, (Uh) 1.03455
HE sb sin sang S, 0.000575
HE 56 khéng sén sug K, 0.000425351
Ham sén sang S (1) 5 D thi S (1)

Ham khéng sin sing K (t) | b thiK (o)

D tinh todn va cp nhat s6 Hié

Hinh 17. Giao dién tong quat xac dinh cac chi tiéu d6 tin ciy cua phuwong tién.
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S D3 thi ham Ss(t) = o X
P4 thi ham san sang
Ss(t) = 0.999575 + 0.000425351 exp(-1.03499 t)

1E0

9.9995E-1

9.999E-1

9.9985E-1

9.998E-1

9.9975E-1

9.997E-1

Ss()

9.9965E-1

9.996E-1

9.9955E-1

9.995E-1

9.9945E-1

9.994E-1

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
t, ()
—8s(t)

Hinh 18. Giao dién hién thi ham sin sang cta phuong tién.

- X

SO LIEU PANH GLA DO TIN CAY
PHUONG TIEN

HN001 - HN002 - HN003 - HN004 - HN0OS - HN0O6 - HN0OT - HN00S - HN009 - HN010 - HN011 - HN012 - HN013
Toa xe: - Tl - MO - M1 - Te2

Théi gian bit ddu khao sat: 01-01-2024

Théi gian két thie khao sat: 31-03-2024

Phin nr juj 56 liéu Poin tau Toa xe Ngay t (h) () \
5., 31 ai Depot HN013 M1 02-02-2024 | 19632 .25
. ai Depot HN010 M1 16-02-2024 | 10068 5
X ai Depot HN008 Mo 18-01-2024 | 10272 5
x ai Depot HN005 M1 19-01-2024 | 19206 .75
K 11 ai Depot HN006 Mo 20-01-2024 10320 .75
i 17 ai Depot HN001 Tl 03-01-2024 | 1488 .25
R 19 ai Depot HN010 T 10-01-2024 | 10084 -
i 2 ai Depot HN010 T 10-01-2024 | 19080
R 25 ai Depot HNO011 M 16-01-2024 | 10224 75
1. ai Depot HN00Y Mo 03-01-2024 | 18522 25
1.3 ai Depot HN008 M1 02-01-2024 | 18888 .25
1.7 10 ai Depot HN010 Tel 25-01-2024 19440 3
1.7 12 ai Depot HN010 MO 25-01-2024 2352 1
1.7 13 ai Depot HN010 MO 13-03-2024 1152 0.75
4.1.7 21 Tai Depot HNO011 M1 26-01-2024 7200 0.75
4.1 28 Tai Denot HNO12 M1 26-01-2024 1488 2
T - =

Hinh 19. Giao dién hién thj s6 liéu thdng ké thai gian lam viéc giira cac 1an hong va thoi gian

phuc hdi ctia phurong tign

BANG TONG HOP KET QUA PANH GILi DO TIN CAY
PHUONG TIEN
S lidu: - Tai Depot
Poan tau: - HNOOL - HN0O2 - HN0O3 - HN0O4 - HN0OOS - HN0OG - HN0O7 - HN0OS - HN009 - HNO10 - HNOL1 - HN012 - HNO13
Toa xe: - Tel - MO - M1 - Te2
Thoi gian bt diu khio sat: 01-01-2024
Thai gian ket thic khao sat: 31-03-2024

i Théng 56 Gid tri Dom vi
1 E(Ts) 2271.52 h

2 F(rs) 0.966604 h

3 s 0.000440234 1h
4 s 1.03455 1h
5 Ss 0.999575

6 Ks 0.000425351

7 Ssit) 0.999575 + 0.000425351 exp(-1.03499 1)

3 Ks(r) 0.000425351 - 0000425351 exp(-1.03499 1)

—= e e T =

Hinh 20. Giao dién hién thi cac chi tiéu danh gia d¢ tin cay ciia phuong tién.
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b. Panh gid d¢ tin c@y cia toan by phwong ti¢n trong qud trinh bde dwong sira chira tai tai

depot theo tang ndam

bl. Panh gia d¢é tin cgy

Tuong tu nhu trén, tiép tuc danh gia do tin cay cua phuong tién theo tirng nam:

1. Giai doan nam 2021 (tur 06-11-2021 dén 31-12-2021); 2. Giai doan nam 2022 (tir 01-01-
2022 dén 31-12-2022); 3. G’iai doan nam 202,3 (tr 01-01-2023 vdén 31-12-2023); 4. Giai doan
nam 2024 (tir 01-01-2024 den 31-3-2024). Ket qua tinh toan thé hién trong bang 6.

C4c chi tiéu d6 tin cay cua phuong tién theo ting nam duoc téng hop trong bang 6 va thé
hién trén cac hinh 21 - 22.

Bang 6. Téng hop cac chi tiéu do tin cay cia phuong tién theo ting nam.

Thaoi gian lam viéc gitra cac Thoi gian Hé s6 san

Thong so lan hong, h phuc hdi, h sang, S
Giai doan nam 2021 106 0,91 0,99156
Giai doan nam 2022 850 0,65 0,999234
Giai doan nam 2023 955 6,24 0,993507
Giai doan nam 2024 2272 0,97 0,999575
Giai doan tur 06-01-21 dén 31-03-24 303 2,51 0,99180

5 == 2272

'%é 1500

(.qg :% 1000 850 ik

Z% % w0 303

2 5 ooy 0ss 62 m =

[

Giai doan 06-01-21  Giai doan 01-01-22  Giai doan 01-01-23  Giai doan 01-01-24  Giai doan 06-01-21
dén 31-12-21 dén 31-12-22 dén 31-12-23 dén 31-03-24 dén 31-03-24

M Thei gian lam viéc, h M Thei gian phuc hdi, h

Hinh 21. Biéu do cac chi tiéu thoi gian lam viéc va thoi gian phuc hdi cua phuong tién theo cac giai

-

e
8

Hé sé sén sang, S

0,988

0,986

e & 8
o [r-] -]
g & ¥

doan.

0,099234 0,999575

0,993507

B i ]

Giai doan 06-01-21 Giai doan 01-01-22 Giai doan 01-01-23 Giai doan 01-01-24 Giai doan 06-01-21
dén 31-12-21 dén 31-12-22 dén 31-12-23 dén 31-03-24 dén 31-03-24

Hinh 22. Biéu db hé sb sin sang ctia phuong tién theo cac giai doan.

~ Kétqua tinh toan cho thy do tin cdy hay hé s s3n sang cua phuong tién theo céc giai doan
XEp tir cao xuong thap la: 1. Giai doan tur 01/01/2024 den 31/3/2024; 2. Giai doan tir 01/01/2022
den 31/12/2022; 3. Giai doan tir 01/01/2023 dén 31/12/2023; 4. Giai doan tir 06/01/2021 dén

31/3/2021.
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Niam 2021 méi dwa vao khai thac, s6 su ¢b con nhiéu dan dén do tin cay thip. Nam 2023
d6 tin cay thap lién quan dén cac su ¢b cua phan tir cira héng khoang khach va cira hdng budng
l4i thudc phan hé than xe toa xe Tcl trén doan tau HN0O6 va HNO12 bi sy ¢b phai thay kinh 2
lan (mdi 1an mat 60 tiéng) va bo diéu khién ctra 1 1an (mat 60 tiéng).

Ngoai ra, d tin cay cta phuong tién con phu thudc vao twong quan gitra thoi gian lam viéc
gitra cac lan hong va thoi gian phuc hoi caa cac phan tir cia phuong tién.

4. KET LUAN

Trong qua trinh van hanh trén tuyén: Muc tin cay cua toa xe Tc2 trong khoang thoi gian
khéo sat Ia thap nhat, nhung ciing c6 hé s6 sin sang rat cao, S, = 0,999995. Cac toa xe con lai
duoc coi la co do tin cay tuyét dbi. Mic tin cay cua doan tau HN0O8, (trong do co toa xe Tc2)
ciling cé6 muc tin cay thap nhat, nhung ciing cé h¢ so san sang rat cao, S, = 0,999995. Cac doan
tau con lai duoc coi 1a c6 muc tin cay tuyét ddi. Trong qué trinh bao dudng, stra chira tai depot:
Muc tin cay cua doan tau HNOO4 trong khoang thoi gian khao sat la cao nhat véi hé so san sang
S, =0,999811; doan tau HNOO6 co muc tin cay thap nhat, nhung ciing c6 h¢ so san sang tuong
ddi cao, S, = 0,992985.

Két qua tinh toan cho phép hinh dung dugc muc tin cy, tinh san sang, kha ning bao dudng
cua cac doi twong da néu, gitp cho don vi st dung co cac giai phap thich hop trong viéc lap ké
hoach dyu phong phu tang, vat tu thay thé; cac giai phap giam thoi gian dimg dé bao dudng, stra
chira, gop phan nang cao hiéu qua khai thac cia phuong tién.

Két qua tinh toan trén day méi chi twong (g véi thoi gian bat dau khai thac tir 06/11/2021
dén 31/3/2024. Tiép theo can theo ddi, thu thap va cap nhat sb liéu thong ké vé cac su cd gay
gian doan chay tau trén tuyén, gay sira chira dot xuat tai depot cua cac phan tir mot cach thuong
xuyén, lién tuc, tir d6 tién hanh tinh toan cho cac khoang thoi gian khac nhau nhu theo ting
nam, theo tirng Mot s6 nam..., lam co sé cho viéc phan tich, so sanh, danh gia su khac biét vé
cac chi tiéu do cay ... cho tung giai doan noéi riéng va toan bo qua trinh khai thac noi chung.
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