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DANH GIA ANH HUONG CUA TIET DIEN BUONG ONG VA KiCH
THUOC XI LANH CHINH DEN SU CHUYEN DICH CUA PISTON
XI-LANH CONG TAC TRONG HE THONG PHANH DAN DONG

THUY LUC TREN XE DU LICH

ASSESSING OF PIPING SECTION AND MASTER CYLINDER SIZE ON THE
TRANSITION OF WORKING CYLINDER PISTON IN HYDRAULIC DRIVE BRAKE
SYSTEM ON PASSENGINEER CARS

Nha Twong Linh
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Viét Nam la quoc gia c6 ty 1é sé hitu 6 16 tang nhanh nhat thé gici [1]. Co dén 70% s6 6 16
dang leu hanh la xe du lich, xe tdi ¢& nho, trung binh [2] va nhitng phirong tién ndy déu dwoc trang
bi hé thong phanh dan déng thiy liec. Viéc nghién ciru vé hé théng phanh thity lwc déng vai tro quan
trong trong viéc dira ra nhitng gidi phdp, cdi tién cong nghé nham giam thiéu tai nan, cdi thién tinh
hinh giao théng. Trén cdc diéu kién thue té két hop véi cdc Iy thuyét chat long thity hee, nhém tac
gid tién hanh xdy dung hé phwong trinh vi phdn mé ta hé thong phanh dan dong thiy lec. Thong
qua phirong phdp mé phéng tdp trung xdy dung cdc phwong trinh chuyén dong, phwong trinh dong
chay va phwong trinh luu lwong [3], phirong phdp mé phong Runge — Kutta dé mé ta chi tiét cdc
qud trinh xdy ra trong hé thong [4]. Cdc két qua vé thoi gian va quy ludt tang dp phit hop véi Iy
thuyét. Tién hanh khdo sdt va danh gid anh hwéng cia cac thong sé két cau nhw: tiét dién xi lanh
chinh, dwong ong dan dau, xi lanh cong tic so sanh véi tiéu chuan ECE R13 [5] va TCVN 5658-
1999 [6]. Céc két qua cho thdy, thong sé két cdu tuy khéng gdy anh hwéng Ion dén do tré trong hé
thong nhung lai gdy qua do, thay doi kich thiede cdc chi tiét dan dén hé théng sé phai bé tri lai sao
cho phii hop véi thiét ké ciia xe.

Tw khéa: Hé thong phanh dan dong thiy hec; Mé phong tdp trung; Mé phong Runge —
Kutta; Kich thuoc xi lanh chinh, Tiét dién duwong ong dan dau,; Xi lanh cong tac.

ABSTRACT

Vietnam is the country with the fastest growing car ownership rate in the world [1]. Up to
70% of cars in circulation are passenger cars and small and medium-sized trucks [2] and these
vehicles are all equipped with hydraulic brake systems. Research on hydraulic brake systems plays
an important role in providing solutions and technological improvements to reduce accidents and
improve traffic conditions. Based on actual conditions combined with hydraulic fluid theories, the
authors proceed to build a system of differential equations describing the hydraulic brake system.
Through the simulation method focusing on building the equations of motion, flow equations and &
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flow equations [3], Runge — Kutta simulation method to describe in detail the processes occurring
in the system [4]. The results on time and pressure rise law are consistent with theory. Conduct
surveys and evaluate the effects of structural parameters such as: main cylinder cross-section,
oil pipeline, working cylinder compared with ECE R13 standards [5] and TCVN 5658-1999 [6] .
The results show that, although the structural parameters do not greatly affect the latency in the
system, they do cause transients and changes in the size of details, leading to the system having to
be rearranged to suit the design, vehicle design.

Keywords: Hydraulic brake system; Centralized simulation; Runge — Kutta simulation;
Main cylinder size; Oil pipeline cross section; Working cylinder.

1. GIOI THIEU CHUNG

dung xi lanh chinh hai dong dugc str dung phd
bién hién nay trén xe du lich va xe tai cd nho,
trung binh. Khi nguoi lai tdc dung luc vao
ban dap phanh (1); théng qua bau tro luc chin
khong (2), ap luc phanh dugc tao ra tir xi lanh
chinh (2) qua cac duong éng dan dau (4) dén
tirng xi lanh banh phanh xe tai cdc co ciu phanh

cau trudc (5) va cau sau (6) thuc hién qua trinh 2. XAY DUNG MO HINH MO PHONG HE

dong phanh nay déu phai dap ung yéu cau vé

dam bao chi tiéu 13 hiéu qua phanh va 6n dinh
hudng chuyén dong khi phanh. Thong thuong
trén nhiing xe 6 t6 hién dai c6 bé tri thém cac hé
thdng hd tro dé nang cao hiéu qua phanh nhu hé
thong ABS (hé thong chong bo climg banh xe),
van diéu hoa lyc phanh LSV... V61 phuong ¢ qung mg hinh dan héi khi bo qua biu trg lye
phdp mo phong hé thong dqg dong Pha“h thuy phanh va hé théng ABS duoc trinh bay trén cac
luc dya trén mo hinh dan hoi, tac gia lya chon hinh 2 va hinh 3.

H¢ thong phanh dan dong thay luc sir /
Phia tnede

R AN
N/ L/

= )
Hinh 1. So do hé thong phanh dan déng thiry luc
trén xe du lich 5 cho

2.1. M6 hinh mé phéng hé dan dong phanh
thiy lwe hai dong doc lap

Thong qua phuong phap mo phdong tap
trung, so d6 mo6 phong hé thong phanh thuy luc

SO dé dan dong phanh thuy luc b tri doc lap B s
hai cau va lua chon xe tham khao Corolla Altis o
dé nghién ctru. Do van dé mo phong bau tro luc o S T
phanh va hé théng ABS kha phtc tap nén trong o PR I o = 050

pham vi cua bai bdo nay, tac gid xin khong trinh S B _ O ": T

bay su anh huong cua nhirng bd phéan trén, coi RoY Ewe U veos e A

nhu luc tac dung cua ban dap phanh tac dung 12 N
tryc tiép vao piston xi lanh chinh. So d dan M= RS »
dong cua hé théng phanh duoc trinh bay nhu E
trén hinh 1. Hinh 2. So d6 mé phong hé dan déng cau trude
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Hinh 3. So d6 mé phong hé dan déng cau sau

Céc thong sd trong cac so dd hinh 2 va
3 duoc dinh nghia nhu sau:

« Thé tich V, cta xi lanh chinh tép trung
tai nat (1), (5); Thé tich cua duong éng tap
trung tai nut (2);

« Thé tich khoang cong tic cua xi lanh
phanh banh xe V_ tap trung tai nat (i) (i =1, 2,
3,4);

« Kha ning gidn nd cia hé théng dugc
thé hién tap trung thong qua cac xi lanh ¢ 10 xo
voi hé sé dan héi vy (p) (i=1,2,3,4,5,6,7, 8);

« Cac nat (i) chia hé théng 1am i doan
v6i chiéu dai duong éng 1a 1. Mdi doan c6 khdi
luong chét long twong Gng 1a m, va stc can
thuy lvclaR (i=1,2,3,4,5,6);

* Y, Y, la céac dich chuyén piston cta xi
lanh chinh cau sau va trudc;

* z_la cac dich chuyén cua cac piston xi
lanh chap hanh cac banh xe cau sau va trudce (i
=3,4,7,8);

* X, la cac dich chuyén cua cot chat long
tai cac nut twong ung (i) 1i=1, 2, 3,4, 5, 6, 7,
8);

« f1a dién tich duong 6ng;
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* P 1a lyc sinh cong hitu ich tai cac xi
lanh chip hanhi (i=3, 4, 7, 8);

* v 1a d nhét dong hoc;
« £ 1a hé s6 can cuc bd.

Trén co s6 1y thuyét mo phong hé thong
phanh thuy luc [7, 8], h¢ phuong trinh vi phan
mo ta qua trinh hoat dong ctia dan dong phanh
¢6 chtra cac hé sd v.(p,) nén viéc giai h¢ phuong
trinh vi phan nay la vo cung kho khin. Nhan
thdy viéc rat gon va don gian hoa hé théng sé
khong 1am anh huéng nhiéu dén tinh chinh xéac
qua trinh [am viéc cua hé théng. Qua trinh hoat
dong xay ra tai piston xi lanh chap hanh banh
xe cau sau va cau trude doi mot 1a gidng nhau;
coi d0 cimg cuia cac phan tir trong hé thong du
16n, d6 dan hoi cua ching 1a khong dang ké;
sir dung mo hinh dan hoi 2 phan tir. So d6 dan
dong cau trude va ciu sau duoc rat gon hinh 4
va hinh 5.
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Hinh 4. So' d6 mé phong hé théng rit gon phanh
thiy lye cau truée
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Hinh 5. So d6 mé phong hé thong rit gon phanh

thuy luc cau sau

H¢ phuong trinh vi phan mo ta qua trinh
hoat dong cua din dong phanh cdu trudc sau

khi rat gon:
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2

d’z,  dy dz, dz,
P, =Py t3,.—+a,.—+a,.| — | sgn—
A T T W dt
dy dz, dp,
—=a,—+a,— 1
N (1)
dZ1 dz dz
—— = —+ag—
dt  dt dt

Py, By = Cy, 2

H¢ phuong trinh vi phan mo ta qua trinh
hoat dong cta dan dong phanh cau trudc sau
khi rat gon:

2 2

dz dz dz dz
Py =Pog b —4b, —24b, | — | sgn—2
PR T a Cla dt
d dz d
—y:b4—2+b5& )
dt dt dt
dz, dz dz
72:7+b6'72
dt  dt dt
PasFs = Cgn 2y

Bang 1 dudi day thé hién cac thong
s0 dau vao cho qué trinh m6 phdéng hé thong
phanh cau trugc va cau sau:

Bdng 1. Gid tri dau vao mé phéng hé thong phanh cau trude va cau sau [9]

TT | Ky hiéu Noi dung Gia tri Pon vi
1 f Tiét dién duong ng 1.26%10° m?
2 p Khdi luong riéng chit long 850 kg/m?
3 1, Chiéu dai duong 6ng cau trude 1.5 m
4 L, Chiéu dai duong dng ciu sau 3.5 m
5 v Hé s6 nhét dong hoc chét long 20.4*10° m¥s
6 k, Hé s6 hiéu chinh 0.022
7 ¢ Hé sb can cuc bd 0.2
8 F, Dién tich mit tiép xtc xi lanh chinh 3.14*10* m
9 F., Dién tich mat tiép xtic xi lanh phanh 10.2*10* m
10 y bo déi: tl%'o‘ng d}mr}g cua xi 1Aanh c'hinh tuorng’l'rng voi 0.05 m

max1 thé tich chat long ban dau chtra trong ching.
1|, | Polmsbmecs i dtneined | ong
21w e e chit omg ban dhu chis rong ching. | 0% m
13 C,, Do cling dan hoi dan dong cau trude 31*10° N/m
14 Cy Do cing dan hoi dan dong cau sau 14,4*%10° N/m
15 v,(p) Heé s6 gian no ciia hé thong 1/E m?/N
16 k Cuong d6 dap phanh 23 /s
17 E Mo-dun dan hdi chit long 3.4%10° N/m?
18 Q,, Luc tac dong 1€n ban dap 867 N
19 m Khdi lwong xi lanh cong tac 0.2 kg
20 Do Ap suét cuc dai 14*10° Pa
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2.2. M6 hinh mé phéng chuyén dong theo
phwong doc cia 6 to du lich

Khi xe chuyén dong, dao dong cia xe
anh huéng dén luc tac dong tir khung xe 1én
banh xe tir &6 anh huong dén phan lyc F , thang
ding tr duong 1€n banh xe. Do do, cac lyc bam
doc F_va ,bém ngang Fy cling b1 anh hudng,
tdc dong dén hi¢u qua phanh va 6n dinh hudng
chuyén dong ctia 6 to.

Tuy nhién trong qué trinh phanh, anh
huong cua dao dong khung xe, ddm cau va banh
xe rat nho so véi su phan bd lai trong luong
1én cac cau xe. Hon nira, do mirc do phtic tap
khi mé phong hé thong phanh thuy luc, va dbi
tuong khdo sat 1a qua trinh phanh trén duong
thing, bang phiang cua xe con nén dé don gian,
cac anh huong nay s€ dugc bo qua.

Céc lyc tac dung vao xe khi phanh trén
duong thang, bang phang dugc thé hién dudi
hinh gém [10]:

Hinh 6. Cac lyc tac dung vao xe khi phanh trén
dwong thang, bang phang

Trong qua trinh phanh, xe c6 khbi
lwong m, gia téc chuyén dong cua 6 t6 % chiu
cac phan luc tr mat dudng 1én banh xe trudec,
sau F_, F_; luc can lan banh xe trudce, sau F,
F_; luc phanh ¢ banh xe trudc, sau F sz, F,
1a lyc can khi dong hoc theo phuong d(_)c va G
la trong lugng cua xe.
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Phuong trinh chuyén dong theo phuong
doc cua xe khi chiu tdc dung cua cac lyc duoc
viét nhu sau:

mi =F, +F, +F +F, +F, ()

Cac thanh phﬁn Iuc can lan, luc can
khong khi, luc phanh sinh ra tai cac banh xe
trong qua trinh phanh thong qua s6 xi lanh cong
tac n dugc dat tai banh xe, luc ép ma phanh vao
dia phanh P, ban kinh trung binh cta tAm ma
sat, d, duong kinh xi lanh cong tac ‘Eruc'rc, d,
duong kinh xi lanh cong tac sau, hé so can lan
f, xe c6 trong luong G, xe ¢ hé sé can khong
khi C , Amat do khong khi, dién tich can chinh
dién A va X van toc tuyét dbi cua 6 to so v6i
khong khi [11].

Phuong trinh chuyén dong theo phuong
doc ctia xe khi phanh (3) duoc viét lai nhu sau:

2 2
npmP, R, (d +d 1
S pPy) Ry (d) 2)_f.G_7,A,CW.A.(X)2(4)
2

rbx

3. KET QUA VA PANH GIA

Tu cac phuorng trinh vi phan (D), (2),
(4) da duo’c thiét 1ap ¢ muc 2, két hop str dung
phan mém Matlab-Simulink thiét 1ap cac khbi
mo phong mo hinh hé dan dong phanh thiy luc
theo phuong phap mé phong Runge — Kutta.
Chat luong 1am viéc cua hé thong phanh thuy
luc phu thudc vao nhiéu thong sé khac nhau.
Nhitng thong sb nay duoc chia thanh hai nhém
chinh: (i) Nhom thong sé két ciu bao gdm:
piston, xi lanh, duong 6ng, dd nhét chat long;
(ii) Nhom thong s6 sir dung bao gdm: van téc,
chit lugng mat duong, théi quen cua ngudi
lai.... Trong ndi dung bai bao nay, tac gia lua
chon ba thong sé két cau: kich thudc xi lanh
chinh, kich thudc xi lanh cong tac, kich thudce

duong dng.
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Do hoat dong ctia hé théng phanh ciu
trude co quy ludt twong tu nhu hé théng phanh
cdu sau, nén trong bai bao nay chi khao sat cac
thong s6 cho hé théng phanh cau trudc.

Céc thong so khao sat nhu sau:

- Kich thuéce xi lanh cong tac:
d,=0.043m; d, = 0.053m; d, = 0.063m;

- Kich thudc dudng dng:
d,=0.002m; d,=0.004m; d, = 0.008m;

- Kich thuéc xi lanh chinh:
d, =0.015m; d,= 0.02m; d,= 0.025m.

3.1. Khio sat va danh gia anh hwong cua
duwong kinh xi lanh cong tac

Nhom tac gid lya chon cac kich thude
xi lanh cong tac: d, = 0.043m; d, = 0.053m; d,
=0.063 m dé khao sat va danh gia.

Hinh 7. Qud trinh ting ap sudt tai xi lanh cong tac
khi thay déi kich thuée xi lanh céng tac

-

Hinh 8. Dich chuyén ciia piston xi lanh céng tic
khi thay doi kich thuoc kich thuoc xi lanh cong tac

Hinh 9. Dich chuyén ciia piston xi lanh chinh khi
thay doi kich thiée xi lanh cong tac

Hinh 7 trinh bay két cta qua trinh ting
ap sudt tai co cau phanh khi thay doi kich thudc
ctia xi lanh cong tac. Két qua cho thdy thay
d6i kich thudc xi lanh cong tac khong 1am anh
huong nhiéu dén qua trinh ting ap suat 1én hé
théng.

Hinh 8 va 9 1a cac két qua khao sat dich
chuyén cua piston xi lanh cong tac tai co cdu
phanh va dich chuyén ctia xi lanh chinh. C6 thé
nhan thay rang, cac kich thudc xi lanh cong tac
khac nhau khong gy anh huong nhiéu dén do
tré ting 4p trong hé thong, nhung lai c6 sy tac
dong 16n dén dich chuyén cta piston xi lanh
chinh. Cu thé, khi ting dudng kinh xi lanh thém
0.01 m (tir 0.053m 1én 0.063m) thi dich chuyén
cua piston xi lanh chinh tang to 7.37mm 1én
10.37mm, khi gidam duong kinh xi lanh 0.01m
(tir 0.053m xudng 0.043m) thi dich chuyén cia
piston xi lanh chinh giam 2.37mm. Mat khac,
khi thay d6i kich thudc xi lanh cong tac s& lam
thay d6i 4p luc tac dong 1én cac ma phanh (P,=
F.z) va b tri cac chi tiét trong hé thong phanh.
Luc phanh qua 16n s& lam cac banh xe bi trugt
1ét, luc phanh qua nho s& lam ting quing dudng
va thoi gian phanh, khong dam bao an toan khi
chuyén dong.

3.2. Khio sat va danh gia anh huong cua tiét
dién duwong ong

Nhom tac gia Iya chon céc kich thudc
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xi lanh chinh: d, = 0.02 m; d, = 0.015m; d, =
0.025 m dé khao sat va danh gia.

d = 0e0dm ||
wememn: f @ [ GO
d = 0 B0km

i,
L] h:.\‘lﬂﬂ

Hinh 10. Dich chuyén ciia piston xi lanh céng tdc
0 cau sau khi thay doi kich thudc ong dan

Hinh 11. Qud trinh tang ap sudt khi thay doi kich
thwée dwong ong dan

Hinh 10 va 11 thé hién qua trinh chuyén
dong cua piston xi lanh cong tdc va qua trinh
ting ap suat khi thay d6i kich thudc 6ng din
thiy lue. Két qua cho thy, duong kinh dng dan
16n s& lam giam d¢ cham tac dung cua hé théng
va nguoc lai, duong kinh dng din nho s& lam
tang do cham tac dung ctua hé théng.

Tuy nhién, viéc tang kich thuéc ng din
s& giy ra dao dong ap suét chit 1ong trong hé
thong, 1am ting thoi gian qua do ciia hé thong
va gdy ra cac ton that 1on. Vi vay, két qua nay
c6 thé dugce sir dung lam co s& dé lua chon céc
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kich thudc duong dng khi thiét ké cho phu hop,
gitip d& dang b tri va nang cao hiéu qua phanh.

3.3. Khio sat va danh gia anh hwéng ciaa
dwong kinh xi lanh chinh

Nhom tac gia lga chon cac kich thudc
xi lanh chinh: d, = 0.02 m; d, = 0.015m; d, =
0.025 m dé khao sat va danh gia.

Hinh 12. Dich chuyén ciia piston xi lanh chinh khi
thay d6i kich thieée xi lanh chinh

pi{Fa) .ap®
15

i

.....

o

— ] 0

&= 003m

= e d u 0 025m

]

] ol o i 1) o4

Hinh 13. Qud trinh tang dp sudt trong hé thong khi
thay déi kich thieée xi lanh chinh

Cac két qua hinh 12 va 13 thé hién
chuyén dong cua piston xi lanh chinh va qua
trinh ting ap suat khi thay doi kich thudc xi
lanh chinh. Cac két qua cho thay, su thay doi

vé thoi gian ting ap suit trong hé thong khong &
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bi anh nhiéu khi thay d6i kich thuéc xi lanh
chinh, su dich chuyén cua cac piston trong xi
lanh chinh c6 sy thay doi dang ké. Cu thé, hanh
trinh cua piston tang 1én khi kich thudc xi lanh
chinh giam, diéu nay lam cho kich thuéc cua
xi lanh chinh s€ tdng, hanh trinh ban dap s& dai
hon va lyc tac dong dau vao cua nguoi lai lén
hé théng phanh ciing s& 16n hon. Mudn luc tac
dung dau vao ctia nguoi 1ai khong thay doi thi
can thiét ké hé théng trg luc phanh 16n hon,
diéu nay s& lam tang chi phi san xuét, kho khan
trong viéc bd tri cac hé thong trén 6 t6. Két qua
khao sat nay co thé duoc st dung dé lya chon
xi lanh chinh va bau trg lyc.

4. KET LUAN

Nhom tac gia da mo phong hoat dong,
khao sat va danh gid anh hudng cua céc thong
s6 két cdu trén hé thong phanh dan dong thuy
luc va rat ra mot s6 két luan:

Cac két qua mo phong hoat dong cua
hé¢ théng phanh thé hién dugc ban chat quy
luat do nhay cao cta hé théng dian dong thiy
lue, cac quy luat ting ap phu hop véi 1y thuyét,
thoi gian tang ap tir 0 1€n gid tri cyc dai (p, )
khoang 0.25s.

Céc thong s6 két cau ciia hé thong khi
thay doi s& anh huong t&i chat luong 1am viée
ctia hé thong vé qua trinh tang ap suat, thoi gian
cham tac dung hé théng hanh trinh dich chuyén
piston xi lanh chinh.

Viéc danh gia va khao sat cac thong s6
két cau co thé duogc st dung dé lya chon cac két
cdu chi tiét trén hé thong phanh din dong thuy
lwc nham t6i wu hoa hé thong va dat dugc hiéu
qua phanh cao nhat; Khi chuyén lan duong,
ngudi 1ai can c6 diéu khién tily theo trang thai
thuc té cua xe.

M5 hinh héa hé thong gdom céc xi lanh
chinh, cic duong dng va cac xi lanh cong tac.
Str dung phuong phap mo phong tap trung xay
dung cac phuong trinh chuyén dong, phuong
trinh dong chdy va phuong trinh luu luong
dé mo ta chi tiét cac qua trinh xay ra trong hé
théng. Str dung phuong phap mé phong Runge
— Kutta m6 phong qué trinh hoat dong cta h¢
thong. Cac két qua vé thoi gian va quy luét ting
ap phu hop véi Iy thuyét.

Két qua khao sat va danh gia anh huong
ctia cc thong sb két cdu (tiét dién xi lanh chinh,
duong Ong, xi lanh cong tic) va thong sb sir
dung (van tde trude khi phanh, diéu kién mat
duong) dén hiéu qua phanh. Céac két qua khao
sat duogc so sanh véi tiéu chuan ECE R13 va
TCVN 5658-1999. Cac két qua cho thay, thong
s6 két cau tuy khong gay anh hudng 16n dén do
tré trong hé thong nhung lai giy qua do, thay
d6i kich thudc cac chi tiét ddn dén hé thong s&
phai b tri lai sao cho phii hop vai thiét ké cua
Xe.

So sanh cac két qua dua trén tinh toan
1y thuyét tinh toan va tiéu chuan thuc té cho
thdy két qua thoa man cac diéu kién. Nhu vay,
phuong phéap nghién ctru ma tac gia su dung c6
doé tin cay cao, do do6 co thé st dung mo hinh
va két qua nghién ctru cho myc dich tinh toén,
kiém tra va thiét ké hé thong phanh thuy lyc.
Mit khac, cac két qua nay co thé dugc tham
khao dé lya chon céc chi tiét trong hé thong
phanh, co sé 1y thuyét cho cac thir nghiém thuc
te. <
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