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ASSESSMENT THE EFFECT OF PARAMETERS ON BRAKE PERFORMANCE OF
HYDRAULIC BRAKE SYSTEM IN A PASSENGER CAR
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TOM TAT

Trén 6 té hién nay, hé thong phanh thity liec thuong dwoc sir dung réng rdi do c6 do nhay
cao va dé bé tri hé thong. Viéc nghién ciru danh gid hiéu qua phanh cia hé théng phanh dan déng
thity lwe bang phwong phdp mé phong luén la vin dé can dwoc quan tam khi nghién civu phdt trién
xe. Trong qud trinh van hanh 6 t6, cdc théng sé ciia diéu kién dwong xd, van toc chuyén dong hodc
cdc thong sé két cdu ciia hé thong phanh sé anh hwéng truc tiép dén hiéu qua phanh. Bai bdo nay
S€ tdp trung phan tich anh hiedng ciia mét sé thong sé nhw hé sé bam mat dwong, van toc xe, dwong
kinh éng dan dau dén hiéu qua ciia hé thong phanh dan dong thity lwe bang phirong phdp mé phong
s6. Cdc két qua nghién ciru co thé duoc sir dung lam co so dé lwa chon céc phuong dan két cdu, dan
déng ciing nhu tw liéu tham khdo cho cdc thir nghiém thuec té trén xe con.

Tir khéa: Hé thong phanh dan déng thity lee; M6 phong sé; Hiéu qud phanh,; Hé s6 bam;
Vén toc.

ABSTRACT

Currently, hydraulic brake systems are often used widely due to their high sensitivity and
ease of arrangement in automobiles. Therefore, the braking performance of the hydraulic brake
system by numerical simulation method is a matter of concern. During the operation of the car, the
parameters such as road conditions, speed or structural parameters of the brake system will directly
affect the braking performance. This paper will focus on analyzing the effect of some parameters
such as the traction coefficient, vehicle speed and oil pipe diameter on the efficiency of the hydraulic
brake system by a numerical simulation model. The research results can be used as a basis for
selecting options for the brake system structure as well as a reference for actual tests on passenger
cars.

Keywords: Hydraulic brake system, numerical simulation, braking performance, traction
coefficient, vehicle speed.
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1. TONG QUAN

Hién nay, hi¢u qua phanh 6 t6 khi nghién
ctru Iy thuyét thuong duoc danh gia bang thoi
gian phanh va quang duong phanh. Qua trinh
phanh 6 t6 trén thyc té duoc chia lam nhiéu giai
doan. Nguoi ta da tién hanh cac nghién ctru, do
dac va xéac dinh duoc dién bién cua luc phanh
theo thoi gian trong qué trinh phanh va biéu
dién chung trén gian d6 phanh thuc t& (hinh
1, [1]). Trong do, t, la thoi gian phan Gmg cua
nguoi lai, t, 1a thoi gian cham tac dung cua hé
thdng phanh, t, 1a thoi gian gia tang lyc phanh
(tr 0 dén gia tri 6n dinh), t, la thoi gian phanh
hoan toan: Phu thudc tinh hudng trén duong. t
1a thoi gian nha phanh (khi da dat van tbc mong
mudn) luc phanh giam dén 0. Dé danh gia hiéu
qué cuia hé thong phanh, tic gia Nguyén Thanh
Tung da nghién ctru danh gia anh hudng ctua hé
s6 bam dén hiéu qua phanh doan xe so mi ro
modc [2], tac gia Nguyén Tién Diing di danh
gia anh huong ciia cac thong sé chiéu dai duong
6ng va duong kinh cac bau phanh dén qua trinh
tang ap sudt bau phanh ctia hé thong phanh din
dong khi nén trén xe tai” [3]. Cac bai bao nay,
tap trung vao ddi twong chinh 1 hé théng phanh
dan dong khi nén duoc sir dung trén cic dong
xe ¢& 16n. Khong c¢6 nhiéu cac nghién ctru vé
hé thong phanh dan dong thiy luc. Trén thuc té,
hé théng phanh din dong thuy luc dang duogc
sir dung phd bién trén cac dong xe ¢& nho &
Viét Nam. Vi vdy, van dé vé an toan khi tham
gia giao thong no6i chung va hi¢u qua phanh néi
riéng 1a mot van dé can dugc quan tim. Trong
nghién curu nay, tac gia lya chon khoang thoi
gian t, dé khao sat va danh gia hiéu qua phanh
va st dung thong sé xe Corolla Altis lam thong
s6 dau vao cho viéc danh gia.

Hinh 2. So do hé thong phanh dan déng thiy luc
trén xe Corolla Altis:
1. Banh xe; 2,7. Pia phanh trudc, sau; 3,8. Xi lanh
chdp hanh phanh trude, sau; 4. Xi lanh chinh;
5. Bau tro' lyc phanh; 6. Ban dap phanh.

2. XAY DUNG MO HINH MO PHONG

2.1. Xay dung phuwong trinh chuyén dong
theo phwong doc

Hinh 3. Cac lyc tac dong lén xe khi phanh trén
dwong bang phang
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Trén hinh 3 thé hién cac luc tac dong
len 0 t0 trong qua trinh phanh. Cac lyc nay bao
gém: Luc phanh F , luc can khong khi F_, Tuc
canlan F, hop luc cua cac phan luc phap tuyen
tor mat duong 1én cac banh xe F . Phuong trinh
chuyén dong cua xe duge mo ta nhu sau[l, 4]:

ms=-F —-F,-F —-F -F, (1)

Céc thanh phan luc duoc xac dinh boi
cac cong thuc [1]:

p b R, .d;

pl

. F — H'n'pZ'Rtb'd§ .
> 1p2 r ’

I bx (2)

bx

F,=f,G; F, = %.p.C2 AS

V6i p, la ap suét thuy lyc tai co cau
phanh.

Thé phuong trinh (2) vao phuong trinh
(1) 1a phuong trinh chuyén dong theo phuong
doc cua 6 t6 khi phanh:

. 2, 2 .
me= PEPRy (i +dy) oo —%.p.CW AGSY3)
L,

X

2.2. Xay dung hé phwong trinh vi phin mo
ta hé thong

Viéc mo phong cac hé thong thuy luc
gap rat nhiéu kho khan do mirc do phuc tap ciia
cac qua trinh vat Iy xay ra trong hé thong. Vi
vay, dé mo phong danh gia bai toan nay, tac gia
¢6 st dung mot sb gia thiét nhu: Stir dung mo
hinh todn hoc mot phan tir dan hoi véi toan bo
khdi lwong chit 1ong coi tap trung tai xi lanh
chap hanh, trong d6 c6 ké dén anh huéng ciia
cac ton that trong qua trinh tang ap. Mit khéc,

quy ludt 4p suit dau vao (trong xi lanh chinh)
duoc quy do6i tir quy luat chuyén dong (luc)
ban dap phanh (quy luat ciia ham sé mil) [5, 6].
So d6 mo ta hé thdng phanh din dong thiy luc
dugc trinh bay nhu trén hinh 4 [5, 6]:

y P Xy P2, X2 z
P, m =™ R P,
-~ P2 —
Tl o, 1 b=
1 wap) V2 B
=
Hinh 4. So do héa dan déng hé thong phanh dan
dong thuy luc

Céc ki hiu trén hinh 4 dugc dinh nghia
nhu sau: P : Luc dan dong tir ban dap tac dong
1€n piston xi lanh chinh; F , F.: Tiét dién plston
xi lanh chinh va xi lanh chap hanh V.,V Thé
tich khoang chit long trong xi lanh chmh va xi
lanh chap hanh; y: Dich chuyen xi lanh chinh;
P, P, Ap suit cta cac cot chit 1ong tai cac
nit trong Ung; X, X,: Dich chuyén ciia cac cot
chat Iong tai cac nut tu:ong tmg; m: Khéi luong
chat 1ong; R: Strc can thiy luc cta chat 1ong;
I: Chicu dai duong ong dan; f: Tiét dién duong
dng dan; y (pz) Hé s6 gidn no cua hé thong z:
Dich chuyen ctia xi lanh chip hanh; P,: Luc
sinh cong hiru ich.

Phuong trinh dong chay chat long tai
doan (1) — (2) dugc moé ta [5, 6, 7]:

vl dx, kpl Ep)(dx Y . dx
1_ 2757 & 1043352 ﬂp£ 1 sign 21 (4
p=p,+pl—1+ fdt[ T2\ 4)

Phuong trinh luu lwong chat long tai
nut (1) nhu sau [5, 6]:

d d dp
F 7 F y l\Vl(pl)_l (5)
bt dt dt
Chuyén dong cua piston cta xi lanh
chép hanh duoc moé ta qua phwong trinh (6) [5,
6]:
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dZ+k dz

mtd@ b 1,

+P + Pmssign% —p,E, =0(6)
dt dt

Pé tién loi cho viéc mo ta hé thong, tat

ca cac dich chuyén cta piston xi lanh chinh

duoc qui doi vé piston chdp hanh va bo qua kha

nang dan hoi va tinh chiu nén cia chét long [6]:

f.X1 :FQ,Z1 voi z, 1a dich chuyén X, quy vé
piston chap hanh.
dx, _Edz  dx _Edz

Z; ; = 7
Pf T odt f dt o dt? fdtz()

F
Tuong ty: F.y=F,z, >z =-Ly

2

Thé tich chét 1ong khoang xi lanh chinh:

V, =E(y

max

—-y)+f1+E (z,,

+2) (8)

(V.. ,Z_ . :Hanh trinh dich chuyén cua
piston xi lanh chinh va xi lanh chap hanh).

Céc hé so rat gon:

a=plZ; b=275.
f f

; c:(0,433

)t o

Phan lyc P tdc dong lén cac ma phanh
c6 bién doi phuc tap, va rat kho dé xac dinh.
Trong bai bao nay, tac gia da tham khao va lya
chon quy luat theo gia thuyeét [5, 6]:

P =C,.z (10)

Két hop cac phuong trinh (4), (5), (6),
(7), (8), (9) va 10 ta dugc h¢ phuong trinh vi
phéan tong hop:

=p,+a d’z, +b %+c(%jzs n%
L TR NPT
dz dz, [F fl dp,
=" _|dy 44z 47-7 —2
dt dt (Fz Ymax F2 min 1]\1”2(1)2) dt
d’*z
pE=m,—+C, z (1D
dt
. 2 2 )
e wp,.R,.(d; +d3) G —%-P-CW A
rbx

H¢ phuong trinh (11) 1a hé¢ phuong trinh
vi phan mo ta hé thong phanh din dong chat
long sir dung dé mé phong va danh gia hé théng
phanh trén xe con. Nhom téc gia da su dung
phan mém mé phong sb Matlab- Simulink két
hop véi cac thong sd trong bang 1 cho viée
danh gia hé thong.

Bdng 1. Théng s6 dau vao cho bai todn mé phong [5, 7]

Ki hiéu Gia tri Ki hiéu Gia tri Ki hiéu Gia tri
f (m?) 28.3*10* [ 0.3 Q,,(N) 867
p(kg/m?) 850 o 0.12 M (kg) 0.2
1 (m) 2.7 d, 0.053 p,.. (Mpa) 7
v (m?/s) 15*10° d, 0.036 f 0.02
k 0.022 z . (m) 0.04 G (N) 15533
& 0.2 C,(N/m) 7*10° p (kg/m?) 1.24
F (m%) 3.14*10* v,(p,) (m*/N) 1/E A (m?) 2.21
F, (m%) 10.2*10* k (1/s) 23 C,(Ns*/m*) 0.28
Y, (M) 0.1 E (N/m?) 2*%108
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3. KET QUA MO PHONG

3.1. Két qua mé phong

15

o.. . [MPA]
i Py

L L L 1k 1=

1 (5]
Hinh 5. Qud trinh ting ap sudt tai xi lanh chinh
(p,) va xi lanh phanh chdp hanh (r,

o

Z (m)

i) a2 L LT i

i lfﬁ.‘:l [=1 ]
Hinh 6. Két qua mé phong chuyén vi ciia piston
trong xi lanh phanh chdp hanh

Hinh 5, thé hién qua trinh bién d6i ap
suét tai xi lanh chinh (p,) va trong xi lanh cong
tac (p,) trong qua trinh dap phanh (khoang thoi
gian t,). D6 thi cho thiy, ¢ giai doan dau khi
dap phanh, ap suét tai dau ra (p,) tr¢ so voi ap
suat dau vao (p,) khong dang k€ va dat gia tri
cuc dai bang p, khi piston xi lanh cong tac
dung dich chuyén thé hi¢n ban chat quy luat do

nhay cao ctia dan dong thuy luc. Quy luit ting
ap suat trong hé thng 1a phu hop voéi ly thuyét
[1] va do tré thoi gian ting ap suat trong hé
thong dat yéu cau theo tiéu chuan ECE R13 [8].
Hinh 6, thé hién chuyén vi cua piston xi lanh
chap hanh khi nguoi 1ai bat dau tac dung luc
Vép ban dap (thoi gian ]:3). Két qua thu duoc cho
thay ¢ giai doan ban dau c6 1 khoang thoi gian
tré vao khoang 0.01s do cac ton that va ma sat,
sau d6 ting nhanh va dat on dinh ¢ khoang thoi
gian 0.3 s. Két qua thoa man cac yéu cau vé quy
luat ting ap theo 1y thuyét theo [1].

3.2. Khao sat anh huéng clia mot s6 thong sd
den hi¢u qua phanh

Chat lugng lam viéc cua hé théng
phanh dan dong thiy luc chiu anh huéng va
phu thudc vao nhiéu thong s6 khac nhau. Tur hé
phuong trinh (11) c6 thé nhan thiy cac théng
s6 anh huong tryc tiép dén thoi gian ting ap
suét cua hé théng phanh, nhu: Van tde trudce
khi phanh, hé s6 bam mit duong va kich thudc
duong 6ng dan. Trong nghién clru ndy, tic gia
tap trung danh gia anh hudng caa van toc trude
khi phanh trong khoang 10- 30 m/s va cac diéu
kién mat duong khac nhau nhu duong bé tong/
nhya, dudng dat va cat. Bang 2, thé hién hé $6
bam tuong ung vdi cac loai mat duong [1]. Bay
1a céc diéu kién vén toc va dia hinh ph bién &
Viét Nam.

Bang 2. H¢é $6 bdam ciia mét sé loai mdt duong [1]

Loai dwong va tinh tran N Kb
: mzjég dwing ang H¢ so0 bam
Puong cat kho 0,25
Puong dt uot 0,3
Puong nhya uot 0,4
Puong cat udt 0,45
DPuong dat kho 0,55
Puong nhua kho 0,8
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==y = 10ms
=gty = 15 MVE
==y = 20 ms
4y = 25 Més
==y = 30 ms

0 i 2 3 4
10g
Hinh 7. Quing dwong chuyén déng khi phanh véi
cdc van toc ban dau khdc nhau

-
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Hinh 8. Quing dwong chuyén dong khi phanh trén
cdc diéu kién dwong khdc nhau

Hinh 7, thé hién két qua khao sat quing
duong va thoi gian phanh véi cac van toc trude
khi phanh khéc nhau trén diéu kién dudng nhua
kho (hé sé bam ¢ = 0,8). Két qua cho thay, khi
ting van tdc truéc khi phanh tir 10 m/s dén
30m/s thi quang dudng phanh s€ tang tir 6.2 m
1én 56m va thoi gian phanh s& ting tir 1.2s dén
3.7s.

Hinh 8, thé hién két qua khao sat quing
duong phanh va thoi gian phanh khi thuc hién
phanh trén cac diéu kién duong khac nhau &
van toc khong dbi 10 m/s. Két qua cho théy,

trén duong nhya/bé tong khd thi hiéu qua
phanh 13 t5t nhat (quing duong phanh va thoi
gian phanh 1an luot 14 6.4m va 1.23s) va trén
dia hinh cat kho hiéu qua phanh 1a thip nhét
(quing dudng phanh va thoi gian phanh lan
luot 1a 18.5m va 3.8s).

Céc két qua trén thoa mén cac yéu cau
vé chi tiéu danh gia hiéu qua phanh theo [9].
Céc két qua nay c6 thé duogc sir dung lam cac
gia tri tham khdo cho qua trinh thtr nghiém hé
thdng phanh trén thyc té va co sé dé nghién ciru
cac hé thong hd tro gitp ting hiéu qua phanh va
chéng truot khi phanh.

B -
l d={] 02
u'l = i
dad) D0
‘_ L
2
o i i
a3 Gl [T A i 1.3

Hinh 9. Chuyén déng ciia piston xi lanh chdp hanh
ing véi cdc dwong kinh éng dan khéc nhau

Hinh 9, thé hién qua trinh chuyén dong
ctia piston xi lanh chip hanh khi thay d6i duong
kinh dng dan thay luc. Két qua cho thay, duong
kinh ng dan 16n s& 1am giam do cham tac dung
ciia hé thong. Két qua nay lam co so dé lwa
chon cac thong s6 két cau khi thiét ké cho phu
hop va nang cao hiéu qua phanh.

4. KET LUAN

Trong nghién ctru nay, cac tac gia da mo
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phong va danh gia hé théng phanh dan dong
thuy luc trén dong xe con 5 chd ngdi — mot dong
xe dang duoc st dung phé bién tai Viét Nam.
Két qua mé phong dat dugc cho thay duoc quy
ludt ting ap va do tré ndm trong gidi han cho
phép cua hé thong phanh dan dong thuy lyc.
Két qua danh gia thoi gian phanh, quing duong
phanh dam béao yéu cau theo tiéu chuan vé hiéu
qua phanh theo tiéu chuidn ECE [8]. Cac két
qua nay cd y nghia quan trong, lam tu liéu tham
khao va giam cac chi phi thir nghiém thuc té, 1a
co s& dé lya chon cac thong s6 két cAu cua hé
thdng phanh dan dong thuy luc trén cac dong
Xe con. %*
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