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Khi phanh d6t ngot doan xe somi-romoéc (DXSMRM) thudng mat 6n dinh va
gdy tai nan giao thong. Bai bao nay trinh bay két qua nghién ciru anh huéng ciia
cuong do phanh dén hiéu qua phanh DPXSMRM trén dudng khd ¢ van toc 80
Km/h. Nhém tic gia sir dung phuong phép tach cau tric va phwong trinh
Newton-Euler dé thiét 1ap hé phuong trinh dong lyc hoc phanh PXSMRM 6 cau.
St dung phan mém Matlab-Simulink dé khao sat phanh DPXSMRM 6 ciu trén
duong kho c6 hé sb bam @ym= 0,8. Két qua khao sat cho thiy, khi DPXSMRM
chay trén duong kho cé hé 6 bam Oxmax = 0,8 & van tbc Vo = 80km/h rdi phanh
v6i cudng dd Mg = 50%Mp . thi gia téc phanh a, = 4,0m/s*, quing duong phanh
S| = 73,0m; phanh murc Mg = 60%Mp .« thi a; = 4,8m/sz, S, = 63,0m; phanh mirc
Mg = 70%Mpmx thi a3 = 5,6m/s%, S; = 55,8m; phanh mirc Mg = 80%Mp,y thi
a; = 6,2m/s’, S, = 50,3m; phanh mic Mg = 90%Mpnx thi as = 6,3m/s’,
Ss = 48,6m; phanh mirc Mg = 100%Mp .y thi a= 6,4m/s’, S¢ = 47,6m.

Abstract

Keywords:
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The tractor semi-trailer is often unstable and causes traffic accidents at the moment
of sudden braking. This paper presents the study results of the impact of braking
intensity on tractor semi-trailer’s braking efficiency on the dry roads at the speed of
80kph. The methods of structural separationand Newton-Euler equations were used
to establish the dynamic equations of a6x6tractorsemi-trailer’s braking. The Matlab-
Simulink software was used to survey the brake of a 6x6 tractorsemi-traileron the
dry roads with the grip coefficient @yux = 0.8. Results showed that when the
tractorsemi-trailer runs on the dry roads with the grip coefficient @y = 0.8 at
Vo = 80kph then brakes with Mg = 50%Mpmy, the acceleration of brake will be
a; = 4.0m/s%, braking distance S; = 73.0m; if Mg = 60%Mpg.x, then acceleration of
brake will be a, = 4.8m/s%, braking distance S, = 63.0m; if Mg = 70%Mpgmax,
acceleration of brake is a; = 5.6m/s’, braking distance S; = 55.8m; if
Mg = 80%Mzgmay, acceleration of brake is as = 6.2m/sz, braking distance S, = 50.3m;
if Mg = 90%Mgm,y, acceleration of brake is as = 6.3m/sz, braking distance
Ss = 48.6m; if Mg = 100%Mpn.y, acceleration of brake is ag = 6,4m/sz, braking
distance S¢ = 47.6m.
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1. GIOI THIEU

Cuong d phanh c6 anh huéng nhidu dén hiéu qua phanh, do d6 trong qua trinh diéu khién
DXSMRM, tiy theo diéu kién duong ma lai xe phai lwva chon mot cudng do phanh cho phii hop
dé dam bao an toan chuyén dong va tang hiéu qua phanh. Trong bai bdo ndy nhom tac gia trinh
bay khao sat anh huong ciia cuong do phanh dén hiéu qua phanh cia DPXSMRM trén duong
thang kho c6 hé s6 bam @ymax = 0,8 & véan tdc Vo = 80 km/h,

2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU

So dd lyc va momen tac dung 1én xe dau kéo va somi-romodc cua DPXSMRM duge thé
hién nhu hinh 1 va 2 [2].

Fzy - g Fzj
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Hinh 1. So dd dong lyc hoc xe dau kéo trong mat phé“ing doc [2]
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Hinh 2. So d6 dong luc hoc somi-romodc phuong thang ding [2]
St dung phuong phap tach cdu tric va hé phuong trinh Newton-Euler [1, 2, 3, 5, 6], tac gia
thiet 1ap dugc h¢ phuong trinh dong Iuc hoc phanh DPXSMRM 6 cau nhu sau:
(m,, + Zj:mA,-)( Xop =VeiVer) = (F = Fry )06, +(F,py =y, )cos6), — Fy, (1)
_F;»II sinoy, _F;»IZ SN0, —(Fp+ Fppy + Frgy + Fpp) )+ (F oy +F )+ Fy + Fyy)
(m,+ Z M (5o + V) = (Fyy = Fayy )sinS + (F, = Fyyy sinG,, @)
+F,,,c086,, + F,,c086,,+(F ,,+F, ,+F ,+F,)-F,
J VW, =[(F, —F, )sind,, +(F.,,—F,,,)sind, +Fy”cos5]] +chos5]2]l]

+(F,,,co89,,—F_,,cosd,, +F,, sin 0, —F,,,sin 0,,+ F,,,co80,, — F,,,cos5,,)b, +F il

x

+(Fx22_Fx2] +FR21 _FRZZ)bZ +(Fx32_}7x31 +FR31 _FRj)bj _(Fy2]+Fy22)ZZ _(FySI +Fy32)13

3)

6

(mcz + zmAi)(X.CZ - ‘/./czycz) = (Fm - FR41) + (sz - FR42) + (F\tﬂ - FR5I) (4)
4

+(F‘c52 - FR52)+ (le - FR61) + (sz - FR62)+ Efxz
6

(m,, +ZmAi)(.j}52 +V,,X,,) =FkyZ +Ev41 +Ev42 +Ev51 +Ev52 +Ev61 +Ev62 (5)
4

ch2‘/7c2 = (Fx42 - Fx4] + FR41 _FR42 )b4 _(Fy51 + Fy52)l5 + (Fr52 - F;c5] + FR5] _FR52 )b5 (6)

+F,,0 _(Fyé] +F«62)16 +(Fx62 _Fm] +FR61 _FRoz)bo _(Fy41 +Fy42)l4

ky2tk2 »



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

3. KET QUA VA THAO LUAN

Nhom tac gia st dung phin mém Matlab-Simulink dé khao sat dong luc hoc phanh
DXSMRM 6 cau, trong diéu kién doan xe chay 6n dinh trén duong thing kho c6 hé sé bam
Pxmax = 0,8 & van tdc ban dau 1a Vo= 80knv/h, rdi phanh v6i 5 mirc mdé men phanh Mg = [50; 60;
70; 80; 90; 100]1%Maam (V6i Mbam= FG@xmax Ta UNE VOi @ymax = 0,8). Pudng lién den (1) tng voi
truong hop M= 50%Maan; duong dut den (2) Gmg véi trudng hop M= 60%Mpqm; dudng lién
doé (3) ung véi truong hop Mp = 70%Mpan; dudng dat do6 (4) ung voi truong hop
Mg = 80%Maam; duong lién xanh (5) tng véi truong hop Mg = 90%Mpan; dudng dat xanh (6)
tmg voi truong hgp M= 100% Mpdm (m6 men phanh dinh mbtc la a7, = F o r )[4, 7]

Théng s6 co ban ctia md hinh dong lyc hoc phanh DXSMRM 6 cu nhu bang 1.

Bang 1. Thong s co ban cia DPXSMRM

Thong sb Ky hiéu
Khoang cich tir trong tdm xe dau kéo dén cau 1 1,=3,059m
Khoang cach tir trong tim xe diu kéo dén ciu 2 1,=0,391m
Khoéng cach tir trong tAm xe dau kéo dén cau 3 1;=1,691m
Khoang cich tir trong tdm xe dau kéo dén khép yén ngua 1,=1,041m
Khodang céch tir trong tdm so mi ro moodc dén cau 4 1,=1,9162m
Khoéng cach tir trong tAm so mi ro modc dén ciu 5 15=3,2262m
Khoang céch tir trong tm so mi ro modc dén cau 6 1=4,5362m
Khoang céch tir trong tdm so mi ro modc dén chdt kéo 1,,=5,6838m
Vét banh trude xe dau kéo 2b,=2,04m
Vét banh sau xe dau kéo 2b,=2b3;=2,17m
Vét banh sau so mi ro mode 2b;=2bs=2bs=1,84m
Khoang céch hai chdt nhip trudc xe dau kéo 2w;=1,02m
Khoéng cach hai chét nhip sau xe dau kéo 2w,=2w;=1,085m
Khoang céch hai chét nhip sau so mi ro mooc 2ws=2ws=2ws=0,92m
M6 men quan tinh truc z cia XPK J201:42184kgm2
M6 men quan tinh tryc z ciia so mi ro modc .1202:510560kgm2

Hinh 3, 4, 5 13 dd thi md men chu dér}g va mé men phanh dau vao cua md hinh khéo sat
ung véi truong hop moé men phanh bang Mg = [50; 60; 70; 80; 90; 100]% Mpdm
(Vé'l 1\/IB€Im= FG(meaxrd I'l’Hg Vé'l (meax= 098)
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Hinh 3. M6 men banh xe cau trudc 11 Hinh 4. M6 men banh xe cau gitia 31
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Mot s6 két qua khdo sat anh huong cua cudng do phanh dén hi¢u qua phanh DPXSMRM
trén duong thang ¢ van toc 80 km/h nhu sau:

DO THI GIA TOC VA QUANG DUONG PHANH
75
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Cuong do phanh

Hinh 6. D6 thi gia toc va quing duong phanh DXSMRM véi 6 mirc phanh & 80km/h

Hinh 6 1a d0 thi gia toc phanh va quing dudng phanh ciia PXSMRM khi chay & van toc
Vo= 80km/h trén dudng co hé s6 bam Qemax = 0,8 rdi phanh v6i 6 mirc Mg = [50; 60; 70; 80; 90;
100]%Maan; duong lién do (s KS) tung v6i quing duong phanh khao sat; dudng dit do (s_TC)
g v6i quing duong phanh qui dinh theo tiéu chuin ECE-R13 [8]; dudng lién xanh (a_KS) tmg
voi gia toc phanh khao sat; duong dirt xanh (a_TC) tng véi gia téc phanh qui dinh theo tiéu
chuin ECE-R13 [8].

Ta thiy khi phanh DPXSMRM & van toc Vo= 80 km/h trén duong @xmx = 0,8 v4i mirc
phanh Mg = [70; 80; 90; 100]%Mapam thi quing dudng phanh va gia tc phanh dat yéu ciu cia

tiéu chudn ECE-R13 [7]; mic phanh Mg = [50; 60]%Maam thi khong dat yéu cau theo tiéu chuan
ECE-R13 [8].
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Bang 2. Bang tong hop gié tri ddnh gia hiéu qua phanh DXSMRM véi 6 mirc phanh ¢ 80 km/h

Mitc phanh Quéng duong %El.e:nh ilmz Gia toc phar}h. A(m/;z)x Thifigian
Mg(Nm) Khao sat ég};Rlﬁn Khao sat EIEI};RLEH phanh (s)
50% Mgam 73,0 56,6 4,0 5,0 6,1
60% Mgam 63,0 56,6 4,7 5,0 5,2
70% Mgam 55,8 56,6 55 5,0 45
80% Mgam 50,3 56,6 6,1 5,0 4,0
90% Mgam 48,6 56,6 6,2 5,0 3,9
100% Mgam 47,6 56,6 6,3 5,0 3,8

Hinh (7) 1a 46 thi hé s6 tai trong dong ciia PXSMRM khi chay & van tdc V,= 80 knv/h trén
duong Qxmax = 0,8 r01 phanh v6i 6 mirc Mg = [50; 60; 70; 80; 90; 100]%Mpam; dudng mau den
tmg (kd1) v6i hé sb tai trong dong cua cac banh xe cau 1; duong mau do (kd3) tmg voi he s tai
trong dong cua cac banh xe cau 3; duong mau xanh (kd6) g v6i hé sb tai trong dong cia cac
banh xe cau 6.

DXSMRM chay trén dudng c6 hé s6 bam Qymex = 0,8 ¢ van tbc Vo= 80 km/h roi phanh
vo1 6 mirec Mg = [50; 60; 70; 80; 90; 100]%Mgzam thi hé sb tai trong dong cua cac banh xe cau 1
c6 gia tri kg = [1,45 + 1,84], nghia 1a khi phanh thi phan lyc thing dimg cta dudng tac dung
1én cac banh xe cau trudc tang 1én khoang tur (1,45 + 1,84) lan, do hién tuong phan bd lai tai
trong khi phanh.

—0—kd1
DO THI HE SO TAI TRONG DONG
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Hinh 7. D6 thi tai trong dong cia DPXSMRM véi 6 mirc phanh ¢ 80km/h

Hinh 8 12‘1 d6 thi hé s6 tan dung bam ctia DPXSMRM khi chay & van toc V,= 80km/h trén
duong c6 hé sb bam @ymax = 0,8 r01 phanh véi 6 mic Mg = [50; 60; 70; 80; 90; 100]%Mpdm;
duong mau den (el) Gng v6i hé s tan dung bam cua cac banh xe cau 1; dudng mau do (e3) ting
v6i hé b tan dung bam cua cac banh xe clu 3; dudng mau xanh (e6) rng voi hé s6 tan dung bam
ctia cac banh xe cau 6.

DXSMRM chay ¢ V,= 80km/h trén dudng @xmax= 0,8 rdi phanh v61 6 mirc Mg = [50; 60;
70; 80; 90; 100]%Mpam thi hé s6 tan dung bam cua cac banh xe cau trude 1 1a e; = [0,38 + 0,58],
nghia 14 cic banh xe cau 1 chua tan dung hét Iyc phanh (con khoang 42% + 62%) dé dat hiéu
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qua phanh cao nhat. Do d6, mudn nang cao hi¢u qua phanh trong trudng hop nay ta c6 thé dung
diéu hoa luc phanh hodc phanh ABS dé tang lyc phanh cho cau truge. HE s6 tan dung bam cau 3
1d e3=[0,5; 0,6; 0,7; 0,8; 0,9; 0,94] va cau 6 1a es= [0,58; 0,7; 0,84; 0,98; 0,9; 0,9], cho thay lyc
phanh cau 6 di vuot kha ning bam & mirc Mg = [90; 100]%Magam nén cc banh xe bi bé cing va
trugt hoan toan, gy ra hi¢n tugng mét 6n dinh caa doan xe.

DO THI HE SO TAN DUNG BAM
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Hinh 8. D6 thi hé s6 tan dung bam ctia DPXSMRM véi 6 mitc phanh & 80km/h

Hinh 9 1a d6 thi h¢ s6 trugt cia DPXSMRM img v6i 6 mirc Mg = [50; 60; 70; 80; 90;
100]%Mgam; duong mau den (s1) tmg voi hé s6 truot cua cac banh xe cau 1; duong mau do (s3)
ing voi hé s truot cua cac banh xe cau 3; duong mau xanh (s6) Gmg v&i hé s truot cia cac
banh xe cdu sau 6.

DO THI HE SO TRUOT

1,1

0,9
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He so truot

Cuong do phanh

Hinh 9. D4 thi hé s6 trugt cia PXSMRM véi 6 muc phanh ¢ 80km/h

Heé s6 truot cta cac banh xe cau 1 nho hon 5% khi DPXSMRM chay ¢ V,= 80km/h trén
duong Qxmax = 0,8, phanh véi 6 mirc M= [50; 60; 70; 80; 90; 100]%Mpdm nén cac banh xe lam



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

viée 6n. Di véi cac banh xe cau 3 phanh véi mirc Mg= 100%Mgg, thi hé sb truot dat gia tri t6i
da 100%; cac banh xe ciu sau 6 khi phanh mirc Mg = [90; 100]%Mpam thi hé s6 truot dat 100%,
cac banh xe bi bo ctng va trugt hoan toan, doan xe ¢6 dau hiéu mat 6n dinh.

Bang 3. Bang tong hop gia tri danh gia 6n dinh phanh PXSMRM véi 6 mic phanh & 80km/h

Murc phanh He so truot Hé s6 tan dung bam He s0 tai trong dong
Mg(Nm) S1 S3 S6 el €3 €6 kay kas Kkas
50% Mpam | 0,019 | 0,05 | 0,05 | 0,38 0,5 0,58 1,45 1,01 0,88
60% Mpam | 0,024 | 0,06 | 0,06 | 0,41 0,6 0,7 1,55 1,01 0,86
70% Mpam | 0,026 | 0,07 | 0,08 | 0,45 0,7 0,84 1,64 1,01 0,83
80% Mpam | 0,03 | 0,08 0,1 0,5 0,8 0,98 1,72 1,01 0,81
90% Mgam | 0,032 | 0,09 1,0 0,54 0,9 0,9 1,82 0,98 | 0,805

4. KET LUAN

Khi DXSMRM chay thing ¢ van toc V,= 80km/h, trén duong c6 hé sO bam Qymax = 0,8,
phanh vé6i cudng d6 Mg = [70; 80]%Mpggm thi PXSMRM chuyén dong 6n dinh va dat hiéu qua
phanh cao nhét; phanh mirc Mg = [50, 60]%Mp4m thi cac banh xe khong bi truot, doan xe chuyén
dong 6n dinh nhung gia tc phanh va quing duong phanh khong dat yéu cau theo tiéu chuan
ECE-R13; phanh mirc Mg = [90, 100]%Mgam thi gia tdc phanh va quang duong phanh dat yéu
cau, nhung banh xe cu 3, 6 bj bo cing va trugt hoan toan, doan xe co ddu hiéu mat on dinh.

LOI CAM ON

Nhém tac gia cam on sy hd trg cia Truong Dai hoc Cong nghiép Ha Noi va Ban t6 chirc
Hoi nghi Khoa hoc va Cong nghé toan qudc vé co khi 1an thir V trong nghién clru va trinh bay
bai bao.
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