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XAY DUNG THUAT TOAN XAC PINH PAC TiNH BO BPIEU HOA
LWC PHANH TREN O TO TAI

BUILDING ALGORITHM TO DETERMINE THE CHARACTERISTICS OF THE
LOAD SENSING PROPORTIONING VALVE ON TRUCKS

Nguyén Vin Tra, Vii Manh Diing
Vién Co khi Bong luc, Hoc vién K¥ thuat Quan su

TOM TAT

B¢ diéu hoa luc phanh dwoc sw dung kha phé bién trén cdc 6 t6 van tdi do ¢6 wu diém noi
tréi la két cdu don gian, do tin cdy lam viéc cao, gia thanh ré ma van nang cao dwoc hiéu qua
phanh. Trén co sé mé hinh déng lwc hoc qud trinh phanh két hop do thi sir dung trong lwong bam
khi phanh, bai bao xdy dung thudt toan xac dinh dac tinh bo diéu hoa luc phanh trén 6 t6 tai. Két
qua nghién civu ¢6 thé dwoc tham khéo hitu ich khi thiét ké, lap dét bé diéu hoa luc phanh trén 6 t6

tai.

Tir khoa: Hé thong phanh; Diéu hoa luwc phanh; Pdc tinh bg diéu hoa lwc phanh; Hiéu qua
phanh.

ABSTRACT

Load sensing proportioning valve is quite popularly used on trucks due to its outstanding
advantages of simple structure, high working reliability, low cost and still improving braking
efficiency. On the basis of the dynamic model of the braking process combined with the graph using
the grip weight when braking, the article builds an algorithm to determine the characteristics of
the load sensing proportioning valve on trucks. Research results can be useful references when

designing and installing brake force regulators on trucks.

Keywords: Brake system,; Load sensing proportioning valve; Characteristic of the load

sensing proportioning valve; Brake efficiency.
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1. TONG QUAN

H¢ thong phanh 1a mot trong nhiing hé
thdng quan trong trén 6 t6, né dam bao an toan
chu dong trong qua trinh 6 t6 chuyén dong trén
duong. Theo s6 liéu théng ké cua Uy ban An
toan Giao thong Qudc gia nam 2022 [1] cho
thdy, trong s6 cc vu tai nan giao thong xay ra
ma nguyén nhan do 16i k¥ thuat thi c6 70 + 80%
1a do 15i ctia hé thdng phanh, 15 + 20% la do
16i cua hé théng 14i con lai 1a do 15i cua cac hé
thong khac. Piéu nay cho thay hé théng phanh
trén 0 t0, dac biét la hé théng phanh chinh can
phai dugc dau tu nghién ctru mot cach can
trong va ky cang hon.

Cung voi sy phat trién cua khoa hoc
va cong nghé, hé théng phanh ciing dugc dau
tu nghién cuu, cai tién va hoan thién kha sém
nham nang cao hiéu qua phanh. Cu thé 13 tir hé
théng phanh mot dong, hai dong dén nhiéu dong
dan dong; trong din dong didu khién hé thong
phanh d3 dugc bd sung mot sd phan tir nham
nang cao hiéu qua phanh va dg tin cdy lam viéc
ctia hé thong nhu bo diéu hoa luc phanh, bo hd
trg luc phanh khan cip, bo phan phdi lyc phanh
dién tr, bo chéng ham cing banh xe... Trong
s6 cac phan tir duge bd sung vao dan dong diéu
khién hé théng phanh chinh ké trén thi bo diéu
hoa luc phanh dugc st dung kha phd bién trén
cac 0 t0 van tai hang trung hodc trén cac 6 to
quan sy va la lya chon hgp 1y hon ca boi cac 6
t6 nay thudng chuyén dong véi van toc khong
qué cao, hon nira bd diéu hoa luc phanh c6 két
cau don gian, gia thanh ré va dam bao duoc
hiéu qua phanh can thiét. Sy khac biét hoan
toan gitra b diéu hoa luc phanh v6i cac bd diéu
khién dién tt & trén chinh 1a n6 duoc diéu khién
hoan toan bang co khi, lgi dung su phan bb lai
tai trong tac dung 1én cic cau trong qua trinh
phanh 6 t6. Cu thé 1a khi phanh, tai trong cta
6 t6 co xu huong don vé cau trude va giam tai

& cau sau, dan dén ciu sau co kha nang trugt
1ét (mét kha nang bam) lam giam dang ké hiéu
quéa phanh. Chinh vi thé, trén dan dong phanh
ra cau sau duoc bd tri bo diéu hoa luc phanh va
chi lam viéc khi lyc phanh cau sau dat t6i gioi
han bam. Trong khudn kho bai béo tép trung
phan tich co so 1y thuyét, xay dung thuét toan
x4c dinh thoi diém lam viéc clia b diéu hoa
luc phanh va mo phong hi¢u qua phanh trén
may tinh dé so sanh hiéu qua phanh gitta hé
thong phanh c6 va khong co lap thém bo dicu
hoa lyc phanh. Két qua nghién ciru cta bai bao
c6 thé tham khao hiru ich khi nghién ctu cai
tién hé théng phanh chinh nhim nang cao hi¢u
qua phanh 6 to.

2. CO SO LY THUYET BQ PIEU HOA
LU'C PHANH

2.1. Pong luc hoc qua trinh phanh

Khi nghién ctu dong luc hoc qua trinh
phanh 6 t6 can thiét phai xay dung mo hinh dua
trén cac gia thiét. Cu thé la:

- Xét hinh chiéu bén cua 6 t6 hai cau,
khong kéo mooc;

- O t6 dugc phanh trong méi trudng
khong c6 gio;

- Luc phanh sinh ra tai cac banh xe trén
cung mot cau la nhu nhau;

- O t6 chuyén dong trén duong khong
bién dang, dong nhit, bang phang va niam
ngang;

- Tiép xuc gitra banh xe vo1 mat duong
la tiep xtic diém, moi sy doi tam ap luc duoc ké
den thong qua lyc can lan.
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Trén co s& cac gia thiét dd néu co thé
xdy dung mo hinh nghién ctru dong luc hoc qua
trinh phanh 6 t6 nhu hinh 1.

Céc ky hiéu trong mo hinh: C la diém
toa do trong tdm 6 t0; a, b lan luot 1a khoang
cach tur toa d¢ trong tam dén tam cAu trude, sau;
L 1a chiéu dai co sO; hg 1?1 chiéu cao trong tam
0 to; h, la chi€u cao diém dat luc c‘én khong
khi; G, la trong lugng 0 t0; Z,, Z, lan luot la
phan luc phép tuyén cua duong tac dung lén
cc banh xe cau trudc, sau; M. M, lan luot la
md-men can 1an tac dung 1én cac banh Xe cau
truoc sau; P, P, lan luot 1a luc phanh do co
céu phanh smh ra 0 cac banh xe ciu trude, sau;
P 1a lyc quén tinh cta 6 t6 va P, 1a luc can
khong khi.

Hinh 1. M6 hinh dong luc hoc qua trinh phanh 6
16 tdi hai cau.

T mé hinh dong luc hoc qua trinh
phanh (hinh 1) viét duoc biéu thic cin bang
luc theo phuong doc 1a:

M
P,+P,+—= 24P, -P =0 (1)
Tk Tk
Trong do: r, 1a ban kinh tinh toan cua
banh xe.

Khi phanh, mdmen can lin 1a rat nho so
v6i cac mo-men phanh do co cdu phanh sinh
ra. Mat khac, lyc can khong khi ¢ van tde thép
cling duoc coi 1a khong dang ké. Do vay, mé-

men can ldn va luc can khong khi c6 thé bo qua
[2, 3, 4, 5]. Biéu thuc (1) dugc viét cho gon lai
nhu & biéu thuc (2).

P,+P,-P=0 2)
2.2. X4y dung diic tinh b diéu hoa lwe phanh

Nhu phan tich trong phan mé dau chung
ta chi quan tam t01 luc phanh & cau sau P,
Luc phanh do co cau phanh sinh ra ty 1& thuan
voi1 lyc hodc hanh trinh 1am viéc ctia ban dap
phanh. Nghia la:

P,=KS, 3)
Trong d6: K 1a h¢ s6 ty 1&; S, 1a hanh
trinh lam viéc ctia ban dap phanh.

Diéu kién thiét ké co cdu phanh la khi
dap phanh hét hanh trmh lam vige (S, ), lac
nay lyc phanh cta co cau phanh s& dat cuc dai
(PpZmax) va dam bao dé giir 6 t6 khi du tai an
toan trong trang thai dimg yén [6, 7]. Nghia la:
P e ™ 2 4)

Két hop cac biéu thuc (3) va (4) xéc
dinh dugc h¢ so ty 1¢ K 1a:

)

Duya vao biéu thirc (5) c6 thé xdy dung
dugc duong déc tinh lam viéc ciia co cAu phanh
cau sau. Pay 1a mot dudng thiang c6 diém xuét
phat tai gbc toa do (0,0), diém cudi co toa do

(S]vmax’ Pp2max)'

Mit khac, theo diéu kién bam trong qua
trinh phanh 6 t6 [4, 5] thi:

=P,=Z (6)

pp2max 02 2p.¢
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Trong do: P, v2mex la lyc phanh cuc dai
theo diéu kién bam 0 cau sau; P_ ,1a luc bam &
ciu sau; Z, la tai trong phan bo len cau sau &
trang thai 6 to trong qua trinh phanh va ¢ 1a hé
s6 bam gitra banh xe voi mit duong.

Xét mo hinh ¢ hinh 1, sau khi da bé qua
cdc md-men can lin, lyc can khong khi dé dang
xac dinh dugc Z, theo diéu kién can bang mo-
men va duogc bleu dién bang biéu thuc (7).

Z,

p

- %(Ga a-P.h,) 7)

Luc quéan tinh cta 6 t6 dugc xac dinh
bang bicu thuec (8).

P =0 '.i.J , (8)
g
Trong d6: & 1a hé sb ké dén anh huong
cua cac khéi luong quay, 8’ = 1.015.
g 14 gia tbc trong trudng, g =9.81 [m/s?].
J, la gia téc phanh [m/s?].

Gia toc phanh dat cuc dai khi lyc phanh
dat cuc dai theo diéu kién bam, xac dinh bﬁng
biéu thire (9).

_&89p
pmax 7 (9)
Két hop cac biéu thuc (7), (8), (9) nhan
duoc biéu thic x4c dinh qu)z nhu trong biéu
thire (10).

G.a h,p
p,, =2 (1— : j.go (10)

Duong dac tinh P, , 1a du&mg cong
béc hai theo hé s6 bam Q. H1nh 2 thé hién dic
tinh lam viéc cta co cAu phanh va gidi han luc
phanh & cau sau.

ol

Hinh 2. Dac tinh lam viéc cua co cau phanh va
gioi han lyc phanh ¢ cau sau.

Tu hinh 2 cho théy cau sau dat duogc
hiéu qua phanh cao nhat (ly tuong) chi duy nhat
tai diém M ¢6 toa do 1a (S, P,,). Nghia 14 tai
d6, luc phanh do co ciu phanh sinh ra dung
bang lyc bam. Phu thudc vao tai trong cua &
t6 ma diém M s& thay doi truot trén dudng dic
tinh lam viéc cta co cau phanh. Pong thoi, khi
nguoi lai dap ban dap phanh véi hanh trinh 16n
hon S, thi cAu sau ludn xay ra trugt 18t vi Iuc
phanh do co cau phanh sinh ra luén 16n hon luc
bam. Khi cac banh xe & cau sau bi trugt 1ét, hé
s6 bam s& giam manh tir hé s6 bam gitra 16p xe
v6i mat duong thanh hé s6 ma sat gitra 16p (vat
li¢u cao su) voi vat liéu duong. Pé han ché su
trugt 1ét clia cac banh xe cau thi trén duong dan
dong phanh ra cac banh xe cau sau bd tri bo
diéu hoa luc phanh va bo diéu hoa luc phanh s&
bat dau 1am viéc tai diém M tuong duong véi
hanh trinh ban dap phanh 1a S

Do diém M vira nam trén duong thang
la duong dac tinh lam viéc cua co cAu phanh lai
vira nam trén duong cong gi6i han ctia lyc bam
nén can thiét phai thiét lap truc hoanh la truc
trung gian. Dé thuan loi ta chon hé s ty 1é cho
hanh trinh lam vi¢c cua ban dap phanh la 1 va
hé sb ty 16 cho hé s6 bam s& 1a:
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%
K = _fmat 11
’ Sh‘max ( )

Két hop biéu thirc (3), (10) véi bién
trung gian xac dinh duoc toa do diém M theo
biéu thire (12).

_alaGK,-K.L)
M T 2
Lh, K (12)
P, =K.S

M

Viéc thiét ké bo diéu hoa lyc phanh dam
béo sao cho luc phanh do cac co cAu phanh cau
sau sinh ra tai vi tri hét hanh trinh lam viéc S
ctia ban dap phanh dung bang lyc bam. Nghia
12 b6 diéu hoa luc phanh c6 duong dac tinh lam
viéc 1a mot dudng thing c6 toa do diém dau
(S Py) toa do diém cuoi 1a (S, ... P, khi @
=, )- Hé s ty 1€ K, dugc xac dinh bang bicu
thuce (13).

h
Gz.a (1 _ gimax J.(pmax _ PM
K, = (13)

- S - SlvM

b max

Tém lai, ddc tinh lam viée cua co ciu
phanh cau sau khi ¢6 lip bo diéu hoa lyc phanh
duogc biéu dién bang biéu thirc (14).

S, < S

(K, ki 1
pidh S, > Sy

|k,S, khi

Trén co so phan tich ¢ trén ¢6 thé khai
quat lai bang luu d6 thuat toan xac dinh dic
tinh b diéu hoa lyc phanh nhu hinh 3.

Nhip cée théng 50
Ga 23 Symae: Mg” Punc.
1

Tinh: & Sy Poag Ko Ko
Xay dymg cac dudmg die tinh

Hinh 3. Luu do thudt todn xdy dung ddc tinh bo
diéu hoa liec phanh.

2.3. Hi€u qua phanh

Hiéu qué phanh duogc danh gid thong
qua cac thong so [5]: thoi gian phanh (t ), gia
téc phanh (J,), quang duong phanh (S ) luc
phanh rleng (y ) va hanh lang phanh (H). Trong
khuon kho bal bao chi danh gia thong qua ba
thong sb 1a gia toc phanh, thoi gian phanh va
quing duong phanh. Dé danh gia cac thong sb
nay, ta phan tich gian d6 phanh trén hinh 4.

Hinh 4. Gidan do phanh Iy thuyét.

o Céc ky hi€u trong hinh 4: V 1a van t(f)c
bat dau cua qua trinh phanh; J la gia toc
phanh cyc dai; Ppmax la Iyc phanh cuc dai; t la
thoi gian Phén Xa cua nguoi lai, t la thoi gian
triét ti€u tat ca cac khe hé trong dan dong va co
ciu phanh;’ t, la thoi gian tir lac co ciu phanh
sinh lyc dén khi dat gia tri cuc dai; t, 1a thoi
gian tur e luc phanh cyc dai dén khi 6 t6 dung
han va t, 1a thoi gian nhd ban dap phanh.
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- Thoi gian phanh 1 tong thoi gian tinh
tur luc nguoi 1ai phat hién chudng ngai vat, thuc
hién qua trinh phanh cho dén khi 6 t6 ding han.

t=t+t,+t+td (15)

Cac thoi giant, t, t, t. déu phu thudc vao
nguoi 1ai gom kha ning phan xa va toc do dap
ban dap phanh. Ngoai ra, thoi gian t, con phu
thudc vao cac khe hé trong dan dong va co cau
phanh, thoi gian t, con phy thudc vao moi chat
trong dan dong phanh (thuy luc hay khi nén).
Trong thoi glan t,, gia téc phanh cua 6 to s¢
tang tir 0 dén khi dat gi4 tri cuc dai. Nho moi
quan hé van tdc bit dau phanh, thoi gian va gia
toc phanh co thé xac dinh duoc véan téc chuyén
dong ctia 6 to cudi thoi diém t.. Tu do, thoi gian
t, duoc xac dinh bang biéu thuc (16).

2y = s
I = T (16)

pmax

- Gia tdc phanh 1a gia toc trung binh
trong sudt qué trinh phanh. Luu ¥ rang: trong
cac khoang thoi gian t, t, gia tbe phanh béng
0. Trong thoi gian t,, d6i v6i hé théng phanh

khong c¢6 b diéu hoa luc phanh do cac banh
Xe cau sau bi truot 1ét nén hé s6 bam s& giam
xudng thanh h¢ s6 ma sat giira 10p véi vat liéu
lam dudng. Nghia 1, gia téc phanh cuc dai
trong biéu thic (9) hé sd bam s& dugc thay
bang hé s6 ma sét gitra 10p va dudng.

- Quing duodng phanh 13 tong quing
cac quing duong trong sudt qua trinh phanh tir
van toc V, dén khi dimng han. Sau khi xac dinh
quang duong di dugc cua 0 t6 trong cac khoang
thoi gian, bién ddi va rat gon lai, ta nhan dwoc
biéu thire (17).

Jouly G,
S, =Vt +4,+1)- "6 +2gP

pmax

{V } (17)

3. KET QUA MO PHONG

Pé kiém chimg cho cic van dé da dugc
néu, bai bao sir dung bo s licu 6 t6 van tai quan
su hai cau chu dong URAL — 43206 do Cong
hoa Lién bang Nga san xuit hién nay duoc
nhap khau kha nhiéu dé tich hop cac loai vii khi
1én xe.

Bdng 1. Cdc théng sé dau vao [8].

TT Tén thong so Ky hiéu | Pon vi Gia tri
1 Trong luong toan bo khi day tai. G, N 121500
2 Trong luong phan bd cau sau. Z, N 75250
3 Chiéu dai co s6 ciia 6 t0. L m 4,405
4 Khoang cach tir trong tAm t&i tAm cau trudc. a m 2,728
5 Chiéu cao trong tam 0 t0. h, m 1,52
6 Hanh trinh [am viéc cua ban dap phanh. S, m 0,2
7 Heé sb bam cua duong vai 16p. P - 0,8
8 Hé s6 ma sat cia dudng voi 16p. i - 0,6
9 Van tbc bit dau phanh. v, km/h 50
10 Thoi gian phan xa ctia nguoi lai. t, ] 0,5
11 | Thoi gian triét tiéu tt ca céc khe ho trong dan dong va co ciu phanh. t, ] 0,8
12 | Thoi gian tur lic co chu phanh sinh lyc dén khi dat gia tri cuc dai. t, S 1,0

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 314, thang 4 nim 2024 283
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

St dung phin mém Matlab véi bo b
liéu trong bang 1 cho két qua dac tinh lam viéc
co cau phanh cau sau khi khong c6 va c6 bd
diéu hoa lyc phanh dugc thé hién trén hinh 5.

Két qua véi dic tinh bd diéu hoa luc
phanh 1a: Diém M trén hinh 2 c6 toa do S, ,,
= 0,045 [m], P, = 16931 [N], hé s6 ty 1¢ luc
phanh khi bg di¢u hoa lyc phanh chua lam viéc
K = 376250 [N/m] va khi bo diéu hoa luc phanh
lam viéec K, = 147780 [N/m].

Yt o ap i et b (]

a) Khong c6 bé DHLP b) Co bo PHLP
Hinh 5. Pdc tinh lam viéc co cau phanh cau sau
va lwe bam ¢ cau sau.

Két qua tinh toan cac thong sb danh
gid hiu qua phanh ¢ van toc bat dau V, = 50
[Km/h]. Cu thé 1a (chi s6 dau tng véi khong cod
bo diéu hoa luc phanh):

+ Thoi gian phanh:
t =4,42/3,77 [s], giam 14,7%;

+ Gia t¢ phanh:
J,= 5,30/7,06 [m/s?], tang 33,2%;

+ Quang duong phanh:
S,=37,38/31,72 [m], giam 15,1%.

Nhu vay co thé nhan théy, mic du co thé
chua that su dat dugce nhu cac hé théng phanh
¢6 1dp bod chéng ham cing banh xe, nhung bd
diéu hoa luc phanh véi loi thé 13 don gian, gia
thanh ré ma van tang dang ké hidu qua phanh,
hoan toan c6 thé dap tng duoc ddi véi 6 to van

tai chuyén dong véi van toc khong qua cao, dac
biét l1a 6 t6 quan sy.

4. KET LUAN

Bai bao di trinh bay co s 1y thuyét,
xay dung dugc thuit toan xac dinh dac tinh lam
viéc ctia bo diéu hoa luc phanh va so sanh hiéu
qué phanh giita hé théng phanh c6 va khong c6
bd diéu hoa luc phanh.

Két qua mo phong bang phin mém
Matlab cho thdy véi 6 t6 van tai viéc lip thém
bo diéu hoa lic phanh 14 hoan toan hop ly. Céac
co s6 1y ludn cling nhu két qua mod phong c6 thé
tham khao hiru ich khi cai tién hé théng phanh
d6i v6i 0 t6 van tai thé hé cil. Trong khudn kho
gi61 han cua bai bao chua dua ra dugc quy trinh
lap dat, hiéu chinh va thir nghiém kiém chimg
cu thé trén 6 to thyc. <
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