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S DUNG PHUONG PHAP MO PHONG SO BE DANH GIA
HIEU QUA PHANH CUA HE THONG PHANH DAN PONG KHi NEN
TREN XE TAI

USING NUMERICAL SIMULATION METHOD TO ASSESS THE BRAKE
EFFICIENCY OF PNEUMATIC BRAKE SYSTEM ON A TRUCK

Nguyén Tién Diing, Trinh Minh Hoang, Lé Bio Viét
Khoa Co khi Bong luc, Pai hoc Bach khoa Ha Noi

TOM TAT

Ngay nay, hé thong phanh khi nén dwoc vmg dung phé bién trén xe tdi, do wu diém liec phanh
I6m va hee diéu khién ban dap nhé. Tuy nhién, do nhay hé thong phanh dan déng khi nén khéng
cao. Vi thé, viéc nghién ciru hiéu qua phanh cia hé thong phanh dan dong khi nén can dwoc chii y.
Trude day, dd cé mot s6 nghién civu vé hiéu qua phanh ciia hé thong phanh dan déng khi nén, nhung
thwong bo qua van phéan phoi nén két qua chiea thire sw bam sat véi thiee té. Trong bai bdo nay, tdc
gid sir dung phirong phdp mé phong sé dé danh gia hiéu qud phanh cé ké dén sw danh hiong cia
van phén phéi trong qud trinh hoat déng. Két qua nghién citu c6 thé sir dung lam co sé dé danh gid

dnh hwéng ciia cdc thong sé két cau dén hiéu qua phanh dan dong khi nén trén xe tdi.
Tir khéa: Hé thong phanh din dong khi nén; Mé phong sé; Van phdn phéi.
ABSTRACT

Nowadays, the pneumatic brake system is widely used on trucks due to the advantages of
large braking force and small pedal control force. However, the sensitivity of the pneumatic drive
brake system could be higher. Therefore, it is necessary to pay attention to the study of the braking
efficiency of the pneumatic drive brake system. In the past, there have been some studies on the
braking efficiency of pneumatically driven brake systems. However, they often need to include the
distribution valve, so the results are not really close to reality. In this paper, the author uses a
numerical simulation method to evaluate the braking efficiency, taking into account the influence of
the distribution valve during operation. The research results can be used as a basis to evaluate the

influence of structural parameters on the efficiency of pneumatic drive brakes on trucks.

Keywords: Pneumatic drive brake system, Numerical simulation,; Distribution valve.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 215
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

1. TONG QUAN

Theo céc tai liéu [1, 2, 3], quang duong
phanh chi dugc tinh khi phanh da c6 tac dung.
Trén thuc té, tir lac nguoi lai phat hién ra vat
can dén khi thyc hién dong tac phanh thi qua
trinh phanh dugc chia lam nhiéu giai doan khac
nhau. Nguoi ta da tién hanh nghién ctu, do
dac va xac dinh duoc dién bién cua luc phanh
(twong tng véi nd 1a gia toc phanh) theo thoi
gian trong qua trinh phanh.

Dién bién qua trinh thay d6i lyc phanh
theo thoi gian thuong dugc thé hién qua gian
d6 phanh thyc té nhu trén hinh 1 [1]. Trong do:
t, 1a thoi gian phan (mg cua nguoi lai; t, 1a thot
gian chdm tac dung cua h¢ thong phanh; t, 1a
thoi gian gia tang luc phanh (tir 0 dén gié tri 6n
dinh); t, 1a thoi gian phanh hoan toan: phu thugc
tinh hu6ng trén duong; t.la thoi gian nha phanh
(khi d3 dat van téc mong mudn) lyc phanh giam
dén 0. Hiéu qua phanh duoc xac dinh 1a tong
thoi gian t, va t,.

Déi v6i hé théng phanh dan dong bang
khi nén, do tinh chit chiu nén ctia méi chat 1a khi
nén dJ nhay cua hé théng thuong kém hon so
v6i hé théng phanh dan dong bang thuy luc hodc
co khi. Do d6, viéc danh gia hiéu qua phanh cua
hé thdng phanh khi nén 14 van dé can quan tam.
Ngoai ra, mot trong nhimg yéu t6 ké dén thoi
gian cham tic dung cia hé théng phanh 13 van
phan phéi. Chinh vi vay, trong nghién ciru nay,
nhom téc gia tap trung nghién ctru xay dung mo
hinh m6 phéng hé théng phanh khi nén trén xe
tai HINO Series 500 MODEL FM8JW7A, cho
phép danh gia dugc hiéu qua phanh cua xe.
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Hinh 1. Biéu dién gidan do phanh thuc té.
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Hinh 2. So' do hé théng dan dong phanh bang khi
nén trén xe Hino500 FM
1. T (5ng van phanh; 2, 3. Cac bau phanh truoc,
4,5 6, 7. Cdc bau phanh sau.

2. MO PHONG HOAT PONG CUA VAN
PHAN PHOI

Van phéan phdi ¢6 nhiém vu déng, mo
cac van dé cap hoic ngimg cip khi nén dén cac
bau phanh, cac co cu phanh theo y mudn cua
nguoi diéu khién. Dé tang tinh chinh xac khi
md phong hé théng phanh dan dong khi nén, ta
thuc hién mé phéng thém anh huong cua van
phan phdi dén do tré ting 4p trong hé thong.
Dua vao cac phuong trinh co hoc va vat 1y can
ban, ta xac dinh dugc cac hé phuong trinh duoi
day.
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Hinh 3. Van phén phoi 6 trang théi hoat dong.

Phuong trinh vi phan cho van duéi:
—myxXy; — Fo1 (Sax — 5@2) — Kyx; + PoaSpec

— Po1-Stong — Ka(xz +x,) = 0 (1)

Trong do: x,, x, la chuyen Vi cla van
dudi va van xa dum m, 1a khoi hrorng cta van
duoi; P, P, la ap suat clra ra cua tong van &
duong trén Va duong dudi; K, K, 1a d6 cung
cua 16 xo piston dudi va van xa dudi; S, S,
S ,S. tuong Ung la dién tich mat trén cua

ptc’® téng A
van dudi, piton l6n va van xa.

Phuong trinh vi phan cho van trén dugc
mo ta theo (3):
K3(x; + x3)

—my ¥y — K%, —

+ PopASt + Fpamar-€ X0 =0 3)

Trong do: x, x, 1a chuyen vi cua van trén
va van xa trén; m, la kh01 luong cua van trén;
AS, 1a chénh lgch dlen tich gitra hai bé mat trén
va du0’1 cua piston trén; K 1a d6 ctmg cua 16 xo
van trén; K, la 6 cimg cta 10 xo van xa trén.

Hanh trinh dich chuyén cua van duéi X,
va chuyen vi cta van dudi x; duge xac dlnh
theo moi twong quan gitra chuyen dong cua cac
chi tiét:

—MyXy + Pop Spic —

P01-5t6ng Kyx, = 0(4)

Trong do: m, la tong khoi lwong van xa
va piston 16n.

Thong s6 chuyén V1 cua van xa trén x,
dugc xac dinh dua trén mdi twong quan dong
hoc ciia céc chi tiét van trong qua trinh dap
phanh cua nguoi lai:

—M3X3 + Fpamar-€  — Kzxg =0 (5)

Trong do, F_, .e ™ la cong thirc tinh

luc ban dap phanh theo thoi gian.

Tt dich chuyén cua céac piston trén va
dudi, dién tich tiét dién 10 tiét luu ¢ van trén va
van dudi trong van phan phoi dugce tinh nhu sau:

f=1.x; f,=1_.x, (6)

Trong do6: 1, 1a d6 rdng cua ctra van trén;
15 1a d6 rong cua ctra van dudi.

Bdng 1. Théng s6 van phdn phoi.

Tri s6
80*107
K,: D9 cling ctia 10 xo piston dudi (N/m) 250

Théng sb

m,: Khdi lugng ciia van dudi (kg)

K,: D0 cling ctia 10 xo van xa dudi (N/m) 300
S,,: Dién tich mét trén cta van dudi (m*) | 1,371*10
S,,: Dién tich mat dudi ctia van dudi (m?) | 1.782%10*

S,.: Dién tich mat trén cua piston I6n (m°) | 2.150*107
S.. : Dién tich tong cong cua phin mat

ton, % -3
dudi cia van xa va piston 16n (m?) 0,836*10
m: Khéi luong cua van trén (kg) 93*107

ASJ: CAhenl‘l 1601’1. d1“¢n t1.ch gitra hai l:;e 0.035%10%

mat trén va dudi cia piston trén (m?)

K,: B9 cling cta 16 xo van trén (N/m) 300
K,: D9 cling cua 16 x0 van xa trén (N/m) 500
S, Dién tich mat dudi cua van xa trén (m?) | 0,921*10

1 Bé rong cia thanh 15 van trén (m) 0,014
1,: Bé rong thanh 18 van dudi (m) 0,021
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3. MO HINH MO PHONG HE THONG DAN PONG PHANH KHI NEN

Phuong trinh vi phan mé ta chuyén dong cua 6 t6 khi phanh trén dudng bang [6]:

h 1
mx = l.omt.l‘t N.-C. L (D12 -Phautruoc + 2D§ Pravsau ) (7)

I, a,—or, 4,114,

Hé phuong trinh mé ta hoat dong cho cau trudc:

*NutY, (van phan phdi): Mo1"— My — Mgy =0

* Dmax —Poz * Doz —D2 V1 dpgg
fh-v7L A = . [5. V. A. Dgq- - =0 ®
M- fr Pmax B Drax— DPos Uz- > Po1 B Pos— Do X dt
*NAtY,: ﬁz— ni3— rri4— m'E2=0,hay:
b-b, * Py~ P; * p,-p,  Vydp, _
uzfVAppr p, MY Abagp p hlV Abpp oy 70 O
*NatY,: m, —m_, =0, hay:
2 V, d
nf;v Ap, PPy B (10)
Bp,-p; k dt

*NatY,: m,—m_ =0, hay:
Py-Py _ Vadp, _, (11)

%
u,f,v Ap
e 2Bp2-p4 k dt

H¢ phuong trinh mé ti hoat dgng cho ciu sau:

*NatY,: m,—m,—mg, =0, hay:

Pmax —Po1 Po1—Pe V1 Apor
fs.v. A. ————— — e Je. V. APy ————— ———— =10 (12)
Us. 5 Pmax B Prmar— Pox Us-f6 Po2 B Por—De % dt
*NatY,: m —m, —m,—m,=0,hay:
Po1—Ps P D7 De—Ps__ Velpe _ 13
ﬂéféUApo:aB = ﬂ?f?VApég #sfSUApégp_pB kd—O( )

*NatY,:m, —m,—m —m,=0,hay:
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* Ps~ Py P7-Pg * P7-Pio V7 dp,
W,V Apg ———— - tofov Ap; ———— -y fjv Ap, - =0 (14)
P7 Bp;-pg Bp;-p  k dt
*NatY: mg—m —m,—m.=0,hay:
* Pg~Pg * Pg~ Py * Pg-P; Vs dps
ngfsv Apg B - 1yfy v Apg B - Iypf1,v Apg B "k dt 0 (15)
Ps - Pg Ps- P11 Ps- P12 t
- V, d
* NGt Y,: m,—m, =0, hay: p v Ap, L7 P9 9P g (16)
: s, Pr7Prp Vip dp
*NatY, :m, —m_ =0, hay: p,f v Ap, L DR B S WY (17)
- V. d
*NGtY,: m, —my, =0, hay: pf, v'Ap,~8 Pl 1 P11 (18)
Bpg- k dt
Pg- P11
’ A _ 3 * pg'pp Vl” dpl';
NatY :m,—m,,=0hay: p f v Apg £ . £ 212 = (19)
Bpg-p, k dt
Bdng 2. Théng sé dau vao cho bai todn mé phong hé thong phanh khi nén
Théng sb Gia tri Théng sb Gia tri Théng sb Gia tri
v* (m/s) 330 b 0,3302 h (m) 0,032
p,. (N/m?) 700000 b, 0,3095 h, (m) 0,330
v, (md) 0,7985%10° Ty 0,4787 h_(m) 0,275
VLV, () | 0,8702¥10% | g, b, By, 0,5097 d =d, (m) 0,027
Vv, (m) 0,775*10° k 1,4 a, (m) 0,158
V, (m?) 0,708*10° A 0,654 M 0,35
V., V, (m?) 0,1765%1° B 1,13 r. (m) 0,2
V,+V,, (m’) 0,592*10° f (m?) 1,4844*10* ¢ (m) 0,143
n 0,3264 £, £, f, (m?) 1,131%10° D, (m) 0,2
i, 0,1777 f, (m?) 1,626*%10° D, (m) 0,16
My 1, 0,5401 f £, (m?) 1,131%10°
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4. KET QUA MO PHONG

a) Két qua mé phéng cac trang thai hoat
dong ctia van phan phoi
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Hinh 4. Dich chuyén ciia van phdn phéi khi hoat

dong binh thuong.
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Hinh 5. Dich chuyén cua van phan phoi khi co ro
ri tai cau sau.

Hinh 6. D¢ dich chuyén ciia van phédn phoi.

Hinh 4, 5, 6 m6 ta hoat dong ctia van
phan phdi trong cac truong hop hoat dong khéac
nhau c6 thé xay ra trén thuc té. Két qua mo
phong da thé hién dugc do tré cua cac dich
chuyén cia cac van trong van phan phdi theo
dung quy luat thyc té.

b) Két qua moé phéng thoi gian ting ap tai
cac bau phanh trong cic truomg hop lam
viéc ciia van phan phdi

Hinh 7, 8 thé hién qua trinh ting ap suit
tai cic bau phanh trudc va bau phanh sau. Dé
tang 4p suét 1én dén gia tri hodc gan bang pmax
& cac bau phanh trudc va sau déu thoéa méan theo
tiéu chuan (thoi gian ting ap dudi 1 gidy [1]).

<10°

ap suat bau phanh truoc (Pa)
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Hinh 7. Thoi gian tang dp tai bau phanh truée.
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Hinh 8. Thoi gian tang dp tai bau phanh sau.

¢) Panh gia hi¢u qua phanh thong qua tiéu
chi quang duwdong phanh

Sau khi tién hanh mé phong va khao sat
hé théng phanh khi nén, két qua thu dugc phuc
vu cho viéc danh gi4 hiéu qua phanh thé hién
trén hiqh 7 v6i van téc phanh ban dau v, =80
km/h d€n khi dung xe (v, = 0 km/h):
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Hinh 9. Quéng dwong phanh ciia xe khi hé thong
phanh hoat dong binh thuong.
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Hinh 10. Quang dwong phanh ciia xe khi hé thong
phanh bi 1o ri cau trude.
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Hinh 11. Quing dwong phanh ciia xe khi hé thong
phanh bi ro ri cau sau.

Tir d0 thi hinh 9 thay duoc quing duong
phanh khi xe hoat dong binh thuong Ia S, =
44,9 (m) trong thoi gian phanh t =1948 (s)
Két qua cho thay véi nhiing thong s6 k¥ thuat
hién tai trén xe nghién ctru 1a phu hop va nam

trong gié tri cho phép ddi vai tiéu chuan [1].

Tur d@ thi hinh 10, 11, khi 6 su o ri khi
nén tai cau trude va cau sau thi quing dudng
phanh tir 44,9 (m) tang Ién tuong tng vaéi hai
truong hop 1a 63,1 (m) va 115,919 (m).

5. KET LUAN

Trong bai nghién ctru nay, cac tac gia da
tién hanh mo phong hé théng phanh khi nén va
danh gia hi€u qua phanh trén xe HINO 500 FM
bang phan mém mé phong sb. Thoi gian ting
ap suat trong cac bau phanh tir 0 1én gia tri cuc
dai co d6 tré va nam trong giéi han cho phép
trong céc truong hop. Quang duong phanh va
thot gian phanh ciing dugc xac dinh va danh
gid nam trong tiéu chuan. Ngoai ra, viéc mo
phong thanh cong hé thdng cho phép goi mo
cac y tudng khao sat anh hudng cua cac thong
s6 két chu va str dung dén hiéu qua phanh, lam
co s& cho bai toan lya chon két cAu va thong $6
k¥ thudt cta cac chi tiét trong hé théng phanh
sau nay. %
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