Xac dinh thoi gian cham tac dung cia hé théng phanh khi nén trén doan xe ban moéc
To Determine the Time Delay on Trailer-Truck Vehicles Equipped with Compressed-
Air Braking System

TOM TAT ,

Nhitng nam gdn ddy, mdt dé giao théng mréc ta ngay cang lon, toc dé chuyén déng
ngay cang cao, va khai lwong hang hoa chuyén ché ciing nhu tdi trong xe ngdy cang tang.
Hang nam, c6 trén 30 ngan vu tai nan giao thong dwong bo, cudp di sinh mang cua gan 10
ngan nguwoi Va 1am bi thuong gan 40 ngan nguwoi. Cho nén dé dam bdo an todn cho con nguoi,
trén cac Otd tdi trong I6n hién nay thi hé théng phanh luén dwoc chl Y hang dau. Thuc té
hién nay, h¢ thong phanh khi nén zrén cac doan xe ban modc ¢6 thoi gian chdm tac dung
twong doi én, gay mdt an toan cho ngwoi va hang hoa rdt cao.

Trong bai bdo nay ching t6i xin dé cap téi phieong phdp mé phong hé théng dan déng
phanh bang khi nén, siz dung phan mém Matlab-simulink @é xdc dinh thoi gian chdm tac dung
cua hé thong phanh khi nén trén dodn xe. Két qua thu dwoc ding dé danh gia so bé hiéu qua
phanh cia hé thong ngay trong khau thiét ké va kip thoi diea ra nhitng giai phap ky thudt hop
ly, nham cdi thién chat lwong 1am viéc cia hé thong, déap g chi tiéu theo tiéu chudn hién
hanh.

ABSTRACT

Lately, the density of Viethamese traffic system has been strongly increased, the speed
seems to be much faster than before, and the amount of goods also the mass of trucks have
been acelerated; Yearly, there have more than thirty thounsand road accidents that caused
nearly ten thousand of people died and fourty thousand of people injured. Therefore, the
braking system in the heavy trucks has been seen carefully to guarantee the life for humans
and the safety of goods. Nowaday, the compressed-air braking system equipped in the trailer-
truck takes quite a long time lag in working period that is very dangerous for drivers and
goods when moving with high speed.

This article publishes the method to simulate the compressed-air braking system that
used the Matlab software to determine the delay time of system operating in trailer-trucks.
The goals that achieved are used to evaluate the initial effection of the system in the design
process and to propose the reasonable technical solutions that improve the system’s quality
and satisfy the current criteria in transportation.

Keyword: Trailer-truck vehicles, time delay, compressed-air braking, Matlab-
simulink
1.PAT VAN PE

Dic diém ndi bat cua hé théng dan dong bang khi nén 1a thoi gian cham tac dung (hay
con goi 1a thoi gian phan wng) 1 thoi gian ké tir khi ngudi 1ai tac dong vao ban dap phanh cho
dén khi ap suat trong xi lanh phanh xa nhit dat mac quy dinh (tng véi thoi diém ma phanh ép
st vao trong phanh). Thoi gian nay ddi véi phanh dau thuong rat nho, thuong 16n hon phanh
dau hang chuc lan, no 1a dic diém ndi bat cua hé thdng dan dong bang khi nén. Piéu ndy cang
tré nén nghiém trong hon di vai cac hé thong dan dong phanh trén cac so mi ro mode ¢ 16n,
boi vi chiéu dai tong cong cia cac doan 6ng dan téi xylanh phanh xa nhat c6 thé I1&n téi 60 m
hodc hon nita. Trong nhitng truong hop nhu vay rat khé ma dam bao dugc thoi gian thoi gian
phan ung cia hé thdng trong pham vi cho phép cua cac tiéu chudn, quy dinh néu nhu khong
c6 cac giai phap ky thuat thich hop
2. THIET LAP HE PHUONG TRINH VI PHAN

2.1 Co sé ly thuyét

Dé nghién ciru dong luc hoc cua hé thdng can thiét 1ap dugc phuong trinh mé ta qua
trinh 1am viéc cua hé thong hay néi cach khéc 1a mé phong toan hoc hé théng. Tuy nhién ban
chat vat ly caa cac hién tugng xay ra trong hé thong rat phuc tap va viéc méd phong mot cach
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hoan toan chinh xéc 1a viéc khdng thé thuc hién duoc, dic biét 1a qua trinh qua d6. Do vay
nguoi ta dung phuong phap mé phong gan dung dé giai quyét bai toan nay. Trong bai bao nay
chung toi xin trinh bay mét phuong phap mé phong cua GS Metliuc, @6 la phuong phap mo
phong tap trung, n6 c6 uu diém 1a twong d6i don gian, dé thuc hién va cho phép nghién ctu
nhitng hé thdng phiic tap véi d6 chinh xac cao.
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Hinh 2.1 So dé nguyén ly cua hé thong phanh ro mode dan déng bang khi nén
1 —Téng van; 2- Van diéu khién hé théng; 3,4- Cac van phan phéi khi trén ro moée;
5- Cé&c binh nén khi; 6, 7, 8, 9- Cdc xi lanh phanh ro modc
2.1.1 Phwong trinh hru lwong di qua tiét luu
Phuong trinh Iuu lwong tac thoi di qua tiét luu

. dm « P
Mo [ dt jo R #(%) (2.1)
Trong do: )
mp - Luu lugng tuc thoi di qua tiét luu;
u - Heso luu lugng
_Vlmax_c - X = A 5 < s IX gtk 2\. ¥ A A

,u——v* ; fo f —tiet dién cua dong khi va 16 tiét luu (m®); v - van toc gidi
han: v' = VRT (~ 330m/s — van toc truyén song trong khong khi); k = 1,4 chi s doan nhiét;
T - nhiét do tuyét doi (°K );
R = 287,14 m?/(s* K);

¢(0) - ham Iuu luong, Véi (o) 1a 4p suat khdng thir nguyén: (o) = % : Po,P1— &p SUAt trudc va
0

sau tiét luu

Do mirc d6 phirc tap cua cac qua trinh xay ra trong hé théng ma ngudi ta chua tim
dugc biéu thirc toan hoc chinh xac mé ta ham luu luong. Trong qué trinh tinh toan van phai
sir dung céc cong thirc kinh nghiém hoic céc cong thiic gan dung duoc xay dung dya trén co
s& mot loat cac gia thiét nén thiéu chinh xac. Cac sai s6 nay dwoc b trir trong hé s6 4, con
u thi duogc x4c dinh bang thuc nghiém.

C6 rat nhiéu tac gia da dua ra cong thirc ham luu luong, nhung & dy ta xét cong thic
ham Iuu luong do GS Metliuc dé xuét.

l-o (2.2)

Vi A= 0.654 va B=1,13
2.1.2 Phwong trinh luu lwgng di vao dung tich

Trén so do tinh toan, céc tiét luu chi ddc trung cho cac phan tir cia hé théng vé mat
ton that luu lwong, dé thé hién thé tich cua cac phan tir nay ta ciing tap trung ching tai mot
diém tao thanh cac dung tich. Nhu vay trong qua trinh hoat dong mot phan khi s& di vao dién
day cac dung tich ndy. Luu lugng khi di vao dung tich c6 thé tich V dugc tinh nhu sau:
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= dt kRT dt (2.3)

2.1.3 Phuong trinh luu lugng tai cac diém nut
Moi ghép gitra cac phan tir goi la nat, tong Iuu luong
khi di vao va ra tai thoi diém xét bang O:

(2.4)

Vi du nhu so dd hinh v& trén ta c6:

m -—m;—m;—m;+m; =0 (2.5) Hinh 2.2 Luu lwong tai diém nat

2.2 M6 phéng h¢ thong din dong phanh khi nén trén doan xe
2.2.1 So' @6 mo phéng caa hé thong

Ap dung phuong phap mé phong tap trung tur so dd nguyén ly hinh 2.1 ta xay dung
duoc so d6 mo phong hé thong thé hién trén hinh 2.3. Trén so d6 nay, dé don gian bét mo
hinh tinh toan, da bo qua van diéu khién ro modc va coi nhu dudng diéu khién I duoc néi truc
tiép voi tong van. Trén so d6 md phong tong van duoc thé hién bang tiét luu sé 1, con thé tich
lam viéc caa nd duoc thay thé bang dung tich V1 dat tai nut 1. Doan duong 6ng ndi tir téng
van tgi chd ré nhanh ra hai van phan pho1 tuong ang voi tiét luu 2 va thé tich V2 dat tai nat 2.
Tuong tu nhu vay, ta Xy dung so 6 md phong cho ca hé théng. Riéng cac van phan phéi
duoc thé hién théng qua céc khoang lam viéc A, B, C, D cua ching.
2.2.2 M6 hinh toan hoc ciia h¢ théng

So d6 md phong trén (hinh 2.3) cho phép ta xay dung hé phuong trinh vi phan mé ta
hé théng hay con goi 1a mo hinh toan hoc cua hé thdng. Trong qua trinh xay dung md hinh
toan hoc cd sir dung mot sé gia thiét sau: Ap sut trong cac binh chia khong thay doi trong
thoi gian qua trinh qua do; Khong c6 ro ri trong hé thong; Nhiét do khi nén trong hé thdng
khong thay ddi trong thoi gian qua trinh qua do; Bo qua ma sat va quan tinh cia cac chi tiét
chuyén dong cua cac van; Thé tich cac khoang cong tac cua cac van va cac xy lanh phanh
khong dbi.

L8 N

Hinh 2.3 So dé6 mé phong hé thong dan dong phanh khi nén so mi ro moée
Céc phuong trinh dugc viét lan luot cho cac ndt, sau khi khai trién, bién doi ta thu
duoc mot hé 12 phuong trinh vi phan bac nhat c6 sé phuong trinh bang sé nat trén so ¢6 md
phong.
Déi véi nlt Ny ta co:
+ Phuong trinh luu lugng:
my —m; —mg, =0
+ Phuong trinh ham khi dong hoc:



v *p APm =P ~ i fV *pA L P-p, Vidp _

Bpmax - p P, k dt
Prax — Py P.— P, Vl dpl

@ AV *| (uf —max B (4f) p 2 L
|:(/U )1 pmax Bpmax _ pl (fu )2 pl Bpl _ p2:| k dt

‘ Tuong tu nhu vay, ta xdy dung dugc 12 phuong trinh vi phan tng véi 12 nut trén so
do tinh toan, hé gom 12 phuong trinh vi phan:

Pmax — Py P.— B, Vl dpl
1) AV*|(uf —max 1 (uf -t 2 110
: {(” ) Pra BProx — Py (e7)e Bpl—pj k- dt

P.— P, P, —Ps P,— P, |V, dp,
AV *| (uf —(uf —(puf - =0
? |:(,U )2 & Bp, - p, (,u )3 P Bp, - p; (:U )4 P Bp, - p4} k- dt

P2 Bp,—p, | k dt

/Jf) P, — Py _\de4:0

4
: “Bp, p, Kk dt

3) AV*{,uf p2 p3 }_\deiszo
v

. J— V. d
I e
max 5

. - V.d
6) AV H(uf), Py e "0 =0
max 6

Po7 — Py P7 — Pg P; — Py V7 dp7
) AV (utf), poy o2l —(puf), pp s —(uf), p }—— =0
{( b Porg =P (et " Bp, - p, (wety "Bp,—py | k dt

=0

- V., d
) AV (), P T =0
8

- V,, d
9) AV *( ) P, BpF; _ps _ T(XL dF::Q :0
7 9

Ppio — Pio Pio— Py Po— Py | Vi dpyg
AV *| (uf D10 F0 _(/f —(uf 10 710
10) {(ﬂ )10 Ppio BPoyo — Pug ( )11 Pog — By, — pus ( )12 Pio Bp,, — plj K dt

- Ve, d
11) AV *(/Uf )11 Pio BpFl)O _pSl - T(XL Cri)%l =0
ho ~ Pu

- V., dp
12) AV *(uf P — Pr _ “EXL 12 0
) (;U )12 plO’Bplo — P2 k dt .
_Riéng van phan phoi khi ctiia ro mooc s€ c6 thém hai phuong trinh thé hién quan hé ap
suat gitra cac khoang cong tac cua chang:

Po7 = Pg+ Ps— P max
leo Ps+ Ps — P max
2.2.3 Chon thdng sé va s6 liu dé tinh toan ’ ,
Sau khi nghién ctru cau tao, nguyén ly hoat dong cuaa hé thong, cac cum chi tiét, cac bo

phan cua hé théng dan dong, nhom tac gia da chon cac thdng sé va sb liéu ban dau dé tinh
toan cho xe KAMAZ 5320 ghi trong bang sau:
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Bang 1. Céc théng so ddu vao dé tinh toan

Céc nit | Puong kinh | Do dail | Hésd
trong d (m) v
(mm)
1 - - 0.5
2 12 14 0.15
3,4 8 2.5 0.32
5,6 12 0.8 0.5
7,10 12 0.7 0.5
8,11 12 2 0.45
9,12 8 2 0.35

DPé danh gia cac két qua tim duoc cua bai toan, trong luan van nay tac gia lay tiéu
chuan cia Lién hop qudc dé lam tiéu chuan so sanh. Theo tiéu chuan nay thi thoi gian ké tir
khi tac dong 1én ban dap phanh cho téi khi &p suat trong xi lanh xa nhat cua ro mooc dat 75%
&p suat dinh mtc khong vuot quéa 0,6 gidy. Ap suit cuc dai pmax trén hé thdng tinh toan lay
bang 8 kG/cm? (8x10° Pa), nhu vay ldy theo tiéu chuin quy dinh cua Lién hop quéc dé so
sanh thi 75% cua &p suat nay 1a 6 kG/cm?. Trong d6 hé s6 . duoc chon theo db thi thuc
nghiém tuy thudc vao dudng kinh va chiéu dai doan ong.

2.2.4 Két qua mo phéng
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Hinh 2.4 Qua trinh tang dp suadt tai nt 2,3,8,12
Nhan xét: Cac ndt Na, N3, Ng, dam bao yéu cau vé thoi gian phan tng, con ndt Ny, dé
dat duoc &p suat 1a 6 x10° Pa thi thoi gian phan ng khoang 0,63 gidy
2.3 Anh hwéng cia cac thong sé két cau dén thoi gian phan wng caa hé théng phanh
2.3.1 Anh hwong ciia dwong kinh éng
- Phuwong dn 1: Giam kich thuéc dwong kinh éng d=6mm
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Hinh 2.5 Qua trinh tang dap tai cac nit 2,3,8,12




-Phurémg an 2: Tang kich thiréc dwong kinh éng d=12mm
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Hinh 2.6 Qua trinh tang dap tai cac nit 2,3,8,12
Nhan xét: Khi giam kich thudc duong kinh dng nit 12, dp suit tai nat s6 12 xap xi 5
x10° Pa. Khi tang kich thudc duong éng téi nat s6 12 thi &p suit tai do tang 1én dan t6i thoi
gian phan trng nhanh hon.
2.3.2 Anh hwong ciia hé sé lwu lwong dwong éng
- Khi tang hé s6 luu luong: p=0.5
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-Khi giam hé s6 luu lugng : p = 0.2
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Hinh 2.7 Anh hwong cua hé so leu lieong téi thoi gian phan ing

Nhan xét: Hé s6 luu luong cang ting thi thoi gian phan éng cua hé thong ciing ting
theo. Khi giam hé sé p = 0,2 thi &p suét dat cuc dai 1a 5x10° Pa va thoi gian phan Gng rét 1on
3. MQT SO HUONG NGHIEN CUU GIAM THOI GIAN CHAM TAC DUNG CUA HE
THONG DAN PONG PHANH BANG KHI NEN

Dau tién dé giam thoi gian cham tac dung cua hé théng 1a tinh toan, lya chon kich
thude dudng éng mot cach hop Iy nhét. Trén thyc té day 1a mot bai toan toi wu, thuong rat
phuc tap do phai giai quyét mot cach dong bo cac van dén lién quan, néu dé duong kinh éng
qua be, su can chuyén dong cua dong khi s& I6n lam thoi gian phan tng cua hé théng sé ting,
con néu ta ting duong kinh éng thi thot gian phan tng tai mach noi tiép sau n6 s& giam,
nhung thoi gian phan tng cia mach ndi song song véi nod s& tang 1én. Nhu vay né 1am anh
huong t6i thoi gian phan ¢ng cua mach r&. Hon nita dudng kinh trong caa dng va céc thiét bi
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quéa 16n s& 1am thé tich dng va thiét bi s& tang, do d6 can phai thém thoi gian va mot lugng khi
du 16n dé dién day thé tich ndy, mat khac néu duong kinh trong tré nén qua I6n thi hé thdng
s& ning né, cong kénh, gia thanh tang trong khi thoi gian phan ing khong dang ké.

Str dung van phu ting toc va bé tri van hiéu chinh trong mach mét cach hop 1y ciing 1a
mot bai toan tbi wu. Va nhd phuong phap mé phong ta ciing c6 thé tinh toan dwoc vi tri twong
d6i chinh xac cua van phan phdi trén hé thong.

4. KET LUAN

St dung phuong phép mé phong gilp cac nha thlet ké ché tao c6 thé xac dinh duoc
thoi gian cham tac dung cua hé théng. Nho cac phan mém Matlab Simulink dé md phong cho
ra két qua c6 thé danh gia duoc so bd hiéu qua phanh cua hé thdng ngay trong khau thiét ké
va kip thoi dwa ra nhitng giai phap kg thuat hop Iy, nham cai thién chat luong lam viéc caa hé
thdng, dap ung chi tiéu theo tiéu chuan hién hanh. Do chinh xac cta phuong phép tinh toan
mo phong rat cao, nhung phu thudc vao nhiéu yéu té, trong d6 dic biét quan trong la hé s6 U
tir cac thdng sb két ciu cua hé thong. Vi vay viéc kiém ching bing thuc nghiém rat can thiét.
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