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DANH GIA HIEU QUA CUA VAN GIA TOC TRONG
HE THONG PHANH KHi NEN

ASSESSMENT OF THE EFFECTIVENESS OF THE RELAY VALVE IN PNEUMATIC
BRAKE SYSTEM

Tréan Trong Dat
Vién Co khi Bong luc, Pai hoc Bach khoa Ha Noi

TOM TAT

Phanh khi nén la mét trong nhitng hé thong phanh phé bién trén cdc dong xe tdi ¢ lon. Uu
diém cua né la luc phanh lon va luc diéu khién nhe nhang. Tuy nhién, nhwoc diém Ién nhat ciia
phanh khi la d6 chdm tdac dung va khé kiém sodt thoi gian gia ting dp sudt dong nhdt trong cdc bau
phanh. Mgt trong cdc giai phdp cho van dé nay la sir dung van gia toc. Cac phwong phdp truyén
thong thuong ding cdc phwong trinh todn hoc dé miéu ta sw di chuyén cia dong khi khi di qua cdc
cum. Phwong phdp nay c6 nhiege diém la khéng mé ta dwoc chinh xdc 6 tat ca cdc trang thdi. Trong
nghién ciru nay, chiing téi sir dung mot phan mém chuyén dung dé mé phong hé thong nham danh
gid hiéu qua ciia van gia toc trong hé thong phanh khi c¢é thong sé dwong kinh ong dan khi khéc
nhau. Cdc két qud chi ra rang théng sé kich thude ciia dwong éng khi va van gia toc anh hwong Iom
dén thoi gian phan g ciia hé thong phanh khi nén. Nghién ciru da cho thdy sit dung van gia toc
va lira chon dwong kinh ong dan khi hop Iy c6 thé giam 50% thoi gian chdm tac dung ciia hé thong
phanh khi.

Tw kKhéa: Phanh khi nén; Tong phanh khi nén; Van gia toc; Thoi gian chdm tdc dung.
ABSTRACT

Pneumatic brake systems are among the most common braking systems in large trucks. Their
advantages include strong braking force and small control force. However, the biggest drawback
of pneumatic brakes is the slow response and difficulty in controlling the uniform pressure increase
time in the brake chambers. One solution to this issue is the use of an relay valve. Traditional
methods often employ mathematical equations to describe the airflow displacement as it passes
through the assemblies. However, this method has the disadvantage of not accurately describing
all states. In this study, we utilized specialized software to simulate the system to evaluate the
effectiveness of the relay valve in pneumatic brake systems with different diameter specifications for
air ducts. The results indicate that the dimensions of the air ducts and the relay valve significantly
affect the response time of the pneumatic brake system. The research demonstrated that utilizing
an relay valve and selecting appropriate air duct diameters can reduce the response time of the
pneumatic brake system by up to 50%.

Keywords: Pneumatic brake system, Dual brake valve; Relay valve; Response time.
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1. TONG QUAN

Phanh khi nén la mét trong cac ddi
tugng duoc nghién ctru kha nhiéu trong linh vuc
6 t6 hién nay do day 13 hé théng phd bién trong
cac dong xe tai [1-7]. Phanh khi nén cho thiy
duoc cac vu diém khong thé thay thé nhu luc
phanh 16n trong khi luc diéu khién nhe nhang,
dd cham tac dung cao nhung gia thanh lai ré
hon hé théng phanh thity khi. Do vay, hé théng
nay van dugc str dung nhiéu trong cac dong xe
tai hién nay. Ngoai ra, tong phanh khi 1a mot
cum chi tiét duoc sir dung trong ca phanh khi
nén va phanh thily khi. Tuy nhién, nhugc diém
16n nhét cta phanh khi 1a su cham tac dung [1,
6, 8, 9] tir 46 anh huéng dén hiéu qua phanh
cling nhu dong lyc hoc cua xe khi sy gia ting
ap suat dau ra khac nhau giita cac nhanh. Su
gia ting ap sudt cia hé thong ciing da dugc quy
dinh trong tiéu chuan ECE R13. Tir nhiing thyc
té trén, nghién ctru hoat dong cua tong phanh
va sy anh huong ciia cac thong sd két cau dén
su gia ting ap suat dau ra 1a can thiét.

Trong cac nghién ctru vé phan ung ctia
hé théng phanh khi, nhiéu nghién ctru thudng
coi cac van 13 cac tiét luu va mot khoang thé
tich [10]. Cac nghién clru nay gip don gian
hoa hé thdng va phi hop cho cac hé théng phire
tap, tuy nhién kho xem xét cac tdc dong cua cac
két cau cling nhu hoat dong cu thé cua cac cum
van. Nghién ctru cua tac gid Zhe Wang va cac
ddng tac gia cong bd nam 2017 két luan rang,
tong phanh va duong 6ng chiém téi 80% tong
d6 tré cua toan hé thong. Trong do, do tré gy
ra boi dudong 6ng va cac dau ndi co thé 1én dén
30% [1, 8]. Tt nghién clru cla cac tac gid co
thé thay dé giam do tré ciia hé thong thi qua
trinh giam do tré trén tong phanh va duong 6ng
la mot trong nhitng gidi phap quan trong.

Nghién ctru nhdm giam thoi gian phan

g cua hé thong, Ren He va Zhecheng Jing da
sir dung budng phanh tich ning cia hé théng
phanh tay nhu mét bién phap hd trg cho budng
phanh chinh nhim gidm thoi gian cham tac
dung. Cac két qua cho thay phuong phap méi
c6 thé giam 0,19s trong thoi gian phan (mg cia
hé théng [11]. Ngoai ra, thuat toan diéu khién
cling s& anh huong dén thoi gian phan Gmg. Tac
gia Devika di két luan rang bo diéu khién PID
t6t c6 thé giam 40% thoi gian tré trong hé thong
phanh ABS khi nén [6].

Van gia téc 1a mot thanh phan quan
trong trong viéc giam thoi gian phan Umg cua
hé théng phanh khi nén. Palanivelu va dong tac
gia [12] chi ra rang loai van va s lugng van gia
tdc c6 anh huong dang ké dén thoi gian ting ap
va Xa ap & cac budng phanh trong hé thong, dic
biét 12 & ciu sau. Su chénh léch téng thoi gian
phéan tng c6 thé dat duogc khoang 0,23s.

Nghién clru ciia chiing t6i tap trung vao
md phong cac cum van ctia hé théng phanh khi,
tir 46 khao sat hiéu qua cua van gia tc voi cac
hé théng phanh c6 thong sb két cdu khac nhau
nhu sy khac nhau vé dudng kinh dng dan, chidu
dai éng din nham dua ra cac khuyén cao khi
thiét ké hé thong phanh khi c¢6 van gia toc.

2. PHUONG PHAP NGHIEN CUU

Trong nghién cuu nay, bai bao chi su
dung so d6 rat gon cua hé théng phanh véi
cac thanh phan va két cau nhu trong hinh 1 dé
nghién ctru. Do trén hé thong phanh khi nén,
van gia toc thuong dugc bd tri trén dudng ra
cau sau hodc cac cau cé chiéu dai duong ng
16n. Pong thoi, tong phanh sir dung 1a loai dan
dong doc lap hai dong, do d6 hoat dong cua
nhanh cau trudc khong anh huéng dén nhanh
ciu sau.
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Hinh 1. So' do6 hé thong
2.1. M6 hinh héa tong phanh

Khi mé phong hoat dong cua tong
phanh c6 thé tip trung vao cac két ciu chinh
tao ra hai khoang: khoang trén va khoang du¢i.
Khoang trén gdm piston phia trén (15), van trén
(12) 16 xo ép piston phla trén (14) va cac 10 xo
héi vi; khoang duéi gom piston dudi (4), van
dudi (9) va cac 10 xo hdi vi. Khi dap phanh,
ban dap phanh day con lin dé cbc ép xudng,
cdc ép nay nén 10 xo ép (14), 10 xo nay c6 do
cung rat 16m so voi cac 10 xo hoi vi con lai, 10
xo0 (14) déy piston phia trén (15) cham vao van
trén (12), luc nay khoang trén dong duong xa
ra khi troi, sau d6 cé hai ciing di xudng mé tiép
van 2, lac nay ngudn cap khi vao P1 thong voi
B1. Péi v6i khoang dudi co hoat dong twong tur
khoang trén: van trén (12) ddy piston dudi (4)
di xuong cham vao van dudi (9) dong duong
xa ra khi troi, sau do tat ca cung di xudng mo
van dudi (9), luc nay ngudn cap khi P2 thong
v6i B2. Con ddi véi hoat dong khi gitr ban dap,
ap suét khi ¢ hai khoang sé& ting dan tao thanh
ap lyc ddy nguoc 18n cac pit-tong trén va dudi
lam cac pit-tdng nay di chuyén nguoc 1én bang
cach nén 10 xo 14 dén khi cac van 12 va 9 dong
lai 4p suat ra cac bau phanh khong tang 1én nita.
Ap suét ra cac bau phanh phu thudc vao luong
dich chuyén cua céc pit-tong trén va dudi. Khi
nha ban dap, van trén va van dudi giltt nguyén
vi tri dong con hai piston bi ddy 1én boi 10 xo
hdi vi tach khoi hai van mé ctra xa, xa hét khi

ra khi troi. Véi cac hoat dong doé khi md phong
tong phanh, bai bao da tap trung vao mo phong
cho cac cum két cAu bao gém: tong phanh, bau
phanh don cho cau truée va bau phanh kép cho
ciu sau.
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2.2. M hinh héa van gia toc
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9. Buéng khi ra biuphanh
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Hinh 4. Cdu tao van gia toc
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Van gia toc ¢6 cong dung giam quing
duong di cua khi nén, lam gidm thoi gian chdm
tac dung cua phanh. Khi khong ¢6 khi nén vao
duong A (khong dap ban dap phanh), van dudi
6 dong, van trén 3 md. Puong B thong ra khi
quyén, khong c6 khi nén dén bau phanh. Khi c6
khi nén tir van phan ph01 dén duong A (dap ban
dap phanh), khi nén day piston trén di xudng,
dong van trén (duong B ngan khong thong ra
moi trudng), piston trén tiép tuc di xudng, van
dudi mé ra théng duong D va duong B cap khi
nén tir binh téi bau phanh.

Khi dung dap ban dap phanh tai mot vi
tri, 4p sut tai A khong ting, tuy nhién khi tir
khoang D tiép tuc cip vao khoang B, 4p suit
phia dudi piston trén tiép tuc ting trong khi ap
suét phia trén piston khong ting, su chénh léch
nay lam cho piston trén di chuyén 1én trén cho
dén khi luc tic dung phia trén va phia dudi
piston trén cin bang, ca hai van ltc nay dong 6n
dinh ap sut trong bau phanh. Khi thoi cip khi
tir van phan phdi dén A, duéi tac dung cta 16 xo
héi vi, can day 4 va piston di 1én, dong dudng
thong tr B sang D va mé duong thong tir B ra
moi trudng, x4 khi & bau phanh ra méi truong.

3. KET QUA VA THAO LUAN

Céc két qua trong hinh 5 va 6 da chi ra
rang, chiéu dai dudong dng quyét dinh 16n dén
thoi gian phan tmg ctia hé thong. Khi chiéu dai
duong 6ng ting 6m hay 60% c6 thé gia ting thoi
gian ting 4p ctia bau phanh thém 0.2s tuong Gmg
v6i gan 50%. Diéu nay ciing chi ra anh hudng
clia tong phanh 1a khong dang ké khi chiéu dai
duong ong 16n. Trong trudng hop khong c6 van
gia toc, duong kinh ong ting 1én s& lam ting
thoi gian phan tmg cua hé théng khoang 0.05s,
khoang 16% tong thoi gian tang ap, trong khi
dudng kinh 6ng 7 va 8 mm c6 su sai khac khong
dang ké.

Hinh 5. Khao sdt véi hé thong c6 chiéu daz duong
ong 10m va khéng cé van gia toc

Hinh 6. Khao sdt véi hé thong c6 chiéu dai dirong
ong 16m va khong co van gia toc

Van gia toc cho thay vai tro rd rét trong
giam thoi gian phan tng ctia hé théng. Van gia
toc co thé giam 28% dén 50% thoi gian phan
g tuong tmg v6i duong kinh dng thay doi
ttr 10 dén 7mm v&i hé thong co chidu dai 10m.
Gia tri nay kha twong dong & hé thong c6 chiéu
dai duong ong 16m. Cac két qua trong hinh 7
va 8 ciing cho thdy duong kinh dng khi cap cho
van gia tdc ty 1& nghich véi thoi gian phan tng.
Puong kinh éng khi giam tir 10 mm xudng
7 mm c6 thé giam thoi gian phan Gng ciia hé
thong khoang 70% khi chiéu dai duong 6ng 1a
16m va 40% twong Gmg véi chiéu dai duong
dng 1a 10m. Pay 1a con sb rat 16n cho thiy anh
huong 16n cia duong kinh dng dén hoat dong
ctia hé thong. Didu nay duoc ly giai boi vi thé
tich ctia van gia tbc nho nén lugng khi di vao
rat it. Khi ting duong kinh dng c6 thé giam can,
tuy nhién lai ting lugng khi can cung cép cho
thé tich ong.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024 195
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

:10m

Hinh 7. Khdo sdt véi hé thong c6 chiéu dai dwong
ong 10m va co van gia toc

Hinh 8. Khdo sat véi hé théng c6 chiéu dai dieong
ong 16m va cé van gia toc

4. KET LUAN

Cac két qua trong bai bio da chi ra
thong sé duong ong dan khi va van gia toc anh
huong rat 16n dén thoi gian phan Gng cia hé
thong phanh khi nén. Chiéu dai duong 6ng gia
tang s& lam gia ting dang ké thoi gian phan
(g, trong khi dudng kinh trong ctia duong dng
lai cho thay xu huéng nguoc lai. Pudng dng c6
duong kinh 7 mm 1a dudng kinh t6i uu cho hé
théng trong cac truong hop khao sat, dac biét
1a trong hé théng co van gia tdc. Van gia tdc
c6 thé giam tir khoang 20 dén 50% thoi gian
phan tng trong hé thong & tit ca cac chidu dai
duong 6ng. Tir cac két qua co thé két luan rang,
d6i v6i cac hé thong co chiéu dai duong dng
tir 10 dén 16 m sir dung van gia toc va duong
6ng khi co duong kinh khoang 7mm sé& dem lai
hi€u qua cao trong viéc giam thoi gian cham tac

dung cua hé thong phanh khi nén. %
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