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NGHIEN CU’U THU'C NGHIEM GIA CUONG XAC DINH DO TIN
CAY CHO DAN DONG PIEU KHIEN PHANH CONG TAC TREN XE
KAMAZ-5320

STUDY ON ACCELERATION TESTING TO DETERMINE THE RELIABILITY
OF PRINCIPLE AIR-COMPRESSED BRAKE SYSTEM ON KAMAZ-5320
TRUCK

Vii Ngoc Tuén
Vién Co khi Bong luc, Hoc vién Ky thuat Quan su

TOM TAT

Bai bdo trinh bay phwong phap thuc nghiém gia cwong va ung dung xac dinh do tin cdy cho
dan déng diéu khién phanh céng tac trén xe Kamaz-5320 véi gia thiét hé thong la khong cé kha
ndang sira chita, phuc hoi. Két qua nghién ciru xdc dinh dé tin cdy ciia hé thong ¢ thoi diém bt ky va
xdc dinh phan tir trong yéu trong hé thong (phan tir c6 xdc sudt hong cao nhdt ma sy hw hong cia
né sé gdy ra hw hong cia hé thong).

T khéa: Thuc nghiém gia cwong; D6 tin cdy; Phanh céng tae; Xdc sudt hong.
ABSTRACT

The article presents a test method for enhancing reliability assessment applied to the brake
control system of the Kamaz-5320 vehicle under the assumption of non-repairable system. The
study results determine the system reliability at any given time and identify critical components
within the system (components with the highest probability of failure, whose malfunction would
result in system failure).

Keywords: Acceleration test; Reliability; Brake control system; Probability of failure.

1. PAT VAN PE

Trong nganh cong nghiép 0 t6, viéc dam
bao do tin cdy cua cac hé thong lai va phanh
1a v6 cung quan trong dé dam bao an toan va
hiéu sudt cia xe. Pé dap tng nhu ciu ngay
cang ting vé do tin cdy trong thiét k& va san
xut néi chung, phuong phép thuc nghiém gia
cudng da trd thanh mot cong cu hitu ich dé xac

dinh va cai thién kha nang hoat dong lién tuc
ctia cac san pham. Bai bao tip trung vao viéc
ap dung phuong phap thuc nghiém gia cudong
dé xac dinh do tin cay cho dan dong diéu khién
hé théng phanh cong tac trén xe Kamaz-5320.
Diéu kién khao sat 1a 6 to khai thac & mién Béc
Viét Nam. So do két cAu hé thdng khao sat cho
trén Hinh 1.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 315, thang 5 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

o

Hinh 1. Két cau mach diéu khién phanh céng tac
xe Kamaz-5320:
1. Bau phanh cau trude; 2. May nén khi;
3. Van 6n dinh dp suat; 4. Bé chong dong;
5, 9. Binh khi nén; 6. Van bdo vé 3 nga;
7. B diéu hoa liwc phanh; 8. Bau phanh cau giita;
9. Bau phanh cau sau; 10. Tong van phanh;
11. Van diéu hoa dp sudt.

2. XAY DUNG THU'C NGHIEM
2.1. Xéc dinh cac yéu to giy héng chinh

St dung phuong phap FTA [1], xac
dinh dugc céc hu hong chinh cta hé théng Xuét
hién 14 do cac chi tiét trong hé thong bi 6-xy
hoda, moéi, mon, 130 hoa. Cac nguyén nhan nay
chu yéu do cac yéu td tac dong: do 4m, nhiét
d0, tan suat hoat dong gay nén.

2.2. X4c dinh khong gian miu va ché d¢ thue
nghiém

2.2.1. Xdc dinh diéu ki¢n lam vi¢c binh thuwong

Theo [2], trung binh, xe Kamaz-5320
hoat dong & tdc do 40km/h véi tan suét dap
phanh 300 1an mdi 100km. Nhu vy, tan suat
dap phanh trung binh & diéu kién binh thuong
1a khoang 2 lan/phiit.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 315, thang 5 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

2.2.2. Xdc dinh khéng gian mdu va ché d
thuc nghiém

Theo [3] va diéu kién thyc té, lya chon
t6i thiéu 03 ché do thuc nghiém, 20 mau/01
ché do. 03 ché do thuc nghiém theo 03 muc tai
dugc mo ta nhu Bang 1 bén dudi.

Bdng 1. Théng s6 chu trinh tin diéu khién phanh:

Tan suat Thoi gian (gidy)
hilgc lz‘lsrglgif/c Déng | Gitwr Nha .
phiit) phanh | phanh | phanh Neghi
4 2 1 0,2 11,8
2 5 2 1 0,2 8.8
6 2 1 0,2 6,8

2.3. Piéu kién xac dinh hé thong

Khi dap phanh hét hanh trinh, ap sut
khi nén tai cac bau phanh déu thip hon 0,6
MPa. Van 6n dinh ap sudt hong khi ap suét dau
ra ctia van thap hon 0,6 MPa, dong thoi ap suét
dau vao ctia van bang véi ap sudt may nén khi
va dat gia tri khong nhé hon 0,6 MPa.

2.4. Xay dung budng thyue nghiém

2.4.1. H¢ thong va thiét bi thue nghigm

Hinh 2. So dé hé théng thuc nghiém

Hé théng thuc nghiém dugc mo tad &
Hinh 2, gdm 05 thanh phan: Sa ban hé thong
phanh, thiét bi van hanh va tao tai. Budng thuc
nghiém gia cuong dugc xay dung nhu ¢ Hinh 2.
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2.4.2. Quy trinh thuc nghiém

Thue hién 1an luot : Thiét 1ap diéu kién
tai gém nhiét do, do 4m, tin suét dap phanh;
Chay h¢ théng, thyc hién phanh t61 khi mach
phanh hong; Dimg hé thdng, bao dudng, sira
chita; Khi hé théng chua du 20 lan hong, vé
budc 2. Nguoc lai, dat muac tai va vé bude 1.

3.THU THAP VA XU LY KET QUA THU'C
NGHIEM

3.1. Xac dinh phan bo dir li¢u thye nghiém
Trong thuc nghiém nay, tit ca 20 mau
thuc nghiém da dugc thur & ba ché d6 tai cho toi

khi xuét hién hu hong.

Bang 2. Vi du dir liéu thuc nghiém ¢ cac ché dg tai

Thoi gian dén hong (gio)
STT | Ché @ tai | Ché dd tai = Ché do tai
1) 2) A3
1 5,0 4,8 4,6
2 14,3 4,9 57
20 73,9 4,9 7,6

Bdng 3. Gid tri Log Likelihood cho cdc kiéu phan
bé xdc sudt theo dit liéu thuc nghiém

Ch??\b Chuin | Mi | Logarit | Weibull
(1) 92,37 | -88,15 | -87,86 | -87,22
2) 91,74 | -87,26 | -87,69 | -85,13
3) -93,14 | -89,25 | -87,32 | -86,45

Dit liéu vé thoi gian dén hong (Time to
failure — TTF) thu dugc tur thuc nghiém duoc
trinh bay trong Bang 2. Sir dung ham scipy.
stats.fit [4] trong thu vién SciPy v1.10 cua
Python x4c dinh cac thong sé co ban ciua mdi

phan bd sao cho phan b d6 mé ta gan nhét véi
b6 dir lidu da cho. Dong thoi, tinh gia tri hé s6
tuong quan logarit cho tirng kiéu phan b (Bang
3). Co thé thay, ddi voi dir liéu thu dugc ¢ ca
ba ché d6 tai, phan bd phi hop nhit (voi gia tri
log Log Likelihood [5] 16n nhit) déu la phan
bd Weibull. Udc lugng tham s6 ti 16 T va tham
s6 hinh dang b voi khoang tin cdy 95% cho cac
phan bé Weibull ¢ timg ché do tai. Quan sat
dinh tinh vé sy phil hop cuia dir liéu thong ké va
phan bb phu hop duge cho trén Hinh 3 va hinh

Hinh 3. Phdn b6 Weibull wéc lwong (dwong fit 1)
va thong ké dir liéu thwe nghiém ¢ ché dg (1)

Hinh 4. Phdn b6 Weibull wéc lwong (dwong fit 2)
va thong ké dir li¢u thuc nghiém o che do (2)

3.2. X4c dinh quan hé tudi tho — yéu to tac dong

bit TTF, 1a thoi gian dén hong cta hé
thong tai cheé d¢ tai (i), c6 mo ta phan bo nhu
sau:

TTF, ~ Weibull(T ; b) (1)

Theo phan 16n cac nghién ctru [5], phan
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bd Weibull c6 tham s hinh dang b ¢6 thé xem
nhu khong d6i theo yéu t6 tac dong v6i khoang
tin cdy 95%. Piéu nay ciing d& thiy trong két
quéa ude luong tai cac ché do thuc nghiém khac
nhau. Liic ndy, thoi gian dén hong ctia hé thong
chi con phu thudc vao tham s6 ti 16 T ([3]). Sur
dung ham scipy.optimize.curve_fit [4] trong thu
vién SciPy v1.10 cua Python dé udc luong K va
n. Gia tri udc lugng véi khodng tin cdy 95%.

T =K.V (2)

Trong d6: V, — Tan suat dap phanh tai
ché do thuc nghiém thtr 1 (s6 1an/phut);
K, n — Céc tham s6 can udc lugng.

3.3. Uéc lwong dd tin ciy

Tur gia tri K va 1) da udc luong O trén,
thay vao phuong trinh (2), ta xac dinh dugc
tham s ti 16 T = 2554 cho thong ké thoi gian
dén hong & diéu kién hoat dong binh thuong (V
= 2 lan/phut). Boi tham s6 hinh dang 1a khong
d6i theo yéu tb tac dong voi khoang tin ciy
95%, gia tri tham s6 hinh dang duoc lay bang
trung binh cac gia tri udc lugng & cac ché do tai
khéac nhau b = 1,21. Tu day, ta xac dinh duoc
do tin cay cua hé théng tai mot sd thoi diém. Dd
thi mé ta thay doi do tin cdy theo thoi gian cho
trén Hinh 5.

Hinh 5. Sw suy giam cua do tin cdy mach dan dong
diéu khién phanh cong tac trén xe Kamaz-5320 theo
tinh todn Iy thuyét va theo thiec nghiém

4. KET LUAN

Tir két qua nghién ciru cia bai bao, co
thé rat ra mot sd két luan nhu sau: i xac dinh
duoc ché do thuc nghiém; xay dung duoc h¢
thong trang thiét bi thir nghiém phép khao sat
céc ché do hoat dong cua toan bd hé théng va
phan tir twong ty trén xe Kamaz-5320 thyc;
hé théng cac cam bién, bd thu thap dir ligu,
may tinh cho phép do, ghi xtr 1y két qua thu
nghiém lién tuc trong sudt thoi gian tién hanh
thr nghiém. Trén co s¢ cac trang thiét bi do,
cong trinh da thuc nghiém thanh céng dbi véi
mach din dong diéu khién phanh cong tac trén
xe Kamaz-5320. Cac két qua thyc nghiém dugc
xtr 1y bang cic cong cu co san cua Python/
SciPy dé uée lugng dugc ham d¢ tin cdy cua hé¢
thdng. Két qua nghién ctru 1a tai liéu tham khao
¢0 gia tri cho cac cong trinh lién quan, dac biét
1a ddi véi cac san pham, hé thdng c6 kha ning
stra chita, phuc hoi. <
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