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ANH HUONG CUA HE SO BAM PEN HIEU QUA PHANH
POAN XE SO’ MI RO' MOOC

Nguyén Thanh Tung'™, Vé Van Hwong?

Tém tat: Poan xe so mi ro modce thuong bj mét 6n dinh va gay tai nan giao théng khi phanh. Bai bo nay
trinh bay két qua nghién ctru dnh hudng cta hé sé bém dén hiéu qua phanh doan xe so mi ro moée trén duong
thdng & van téc 60km/h. Céc téac gid str dung phuong phap tach céu tric va phuong trinh Newton-Euler dé
thiét 1ap hé phurong trinh déng lwrc hoc phanh doan xe so' mi ro modc; str dung phdn mém Matlab-Simulink
dé khao sét hiéu qua phanh doan xe so mi ro moéc trén duong thang ting véi cac loai duong cé hé sé bam
khac nhau ¢, =[0,5; 0,6, 0,7, 0,8, 0,9, 1,0]. Két qua nghién ctru cho théy, khi phanh doan xe so mi ro moéc
v6i mé men phanh M,=80%M,, & véan téc V,=60km/h trén duong khé tét co hé sé bam ¢, =[0,7; 0,8; 0,9;
1,0] thi doan xe so' mi ro moéc dat hiéu qua phanh cao va én dinh; duong cé hé sé bam D e =0,6 thi hiéu
qua phanh giam 25%; duong c6 hé sé bam P =0, thi hiéu qué phanh gidm khoéng 37%.

Tir khod: Xe déu kéo; so mi ro moéc; phanh; hiéu qua phanh; hé sé bam.

Impact of coefficient of grip on braking efficiency of tractor semitrailer

Abstract: The tractor semitrailer is often unstable and causes traffic accidents at the braking moment.
This paper presents the research results about the impact of grip the road coefficient on braking efficiency
of tractor semitrailer on the straight road at 60km/h. The authors established dynamic equations of tractor
semitrailer by structural separation method and Newton-Euler equations. We studied efficiency of tractor
semitrailer on the straight road by Matlab-Simulink software. The results show that, when the tractor semi-
trailer is braked with M,=80%M,__ at V= 60km/h, the tractor semitrailer is very stable with grip coefficient
=[0.7; 0.8; 0.9; 1.0]; braking efficiency of tractor semitrailer is reduced about 25% with grip coefficient
=0.6 and braking efficiency of tractor semitrailer is reduced about 37% with grip coefficient ¢, =0.5.
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@ 1. Dat van dé

Hién nay doan xe so' mi ro modc (DXSMRM) duoc st dung rat nhiéu dé van chuyén hang héa, may
mac, thiét bi. Doan xe SMRM c6 wu diém la van chuyén dwoc nhitng hang héa cé kich thwéc va khéi lwong
I&n, cong suat van chuyén cao, chi phi van chuyén thap, it tiéu hao nhién liéu, gidm lwong khi thai, gép phan
giam un tac giao théng va gidm & nhiém mai trwdng. Tuy nhién, viéc phat trién DXSMRM ciing kéo theo
nhiéu hé luy cho x& hoi can phai nghién ctru khic phuc nhw: DPXSMRM lam ciu dwérng mau bi hw héng;
DXSMRM dé mét &n dinh va gay nhiéu tai nan giao théng. Qua nghién cru thdy réng cac vu tai nan giao
théng do DPXSMRM gay ra thwdng cé lién quan dén hiéu qua phanh va ky thuat diéu khién cda lai xe, nhat 1a
khi chay trén duwong cé hé sé bam thdp hodc phanh trong dwéng vong [1]. Tai nan giao théng do DXSMRM
gay ra dwoc xa hdi rat quan tam nhung & Viét Nam chwa cé nhidu coéng trinh nghién ctru vé né. & Viét Nam
hién nay chi c6 mot vai dé tai nghién ctvu vé hiéu qua phanh DXSMRM bang mé hinh phéng. D& gép phan
cung v&i xa hdi lam gidm tai nan giao thdng, dac biét 1a tai nan giao théng do cac BXSMRM gay ra, trong
bai bao nay nhém tac gid str dung md hinh khéng gian tich hop dé thiét 1ap hé phuong trinh déng lwc hoc
phanh DXSMRM va st dung phan mém Matlab-Simulink dé& khao sat anh hwéng clia hé sé bam dén hiéu
qua phanh BXSMRM trén dwdng thdng & van tbc 60km/h. Két qua nghién ciru hiéu qua phanh BXSMRM
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cla bai bao la co s& ban dau cho viéc nghién clru dong lwc hoc phanh DXSMRM theo quy dinh cua tiéu
chuédn TCVN 7360:2008 [2] va tiéu chuadn Chau Au ECE-R13 [3]. M& hinh va chwong trinh mé phéng déng
lwe hoc phanh DXSMRM cho phép khdo sat cac trang thai phanh DXSMRM nham tim ra quy luat va gidi
han mét &n dinh cta doan xe khi phanh trong nhirng diéu kién dwong va ky thuat 1ai xe khac nhau, giup cho
lai xe c6 co s& didu khién &n dinh va an toan.

@ 2. M6 hinh dong lwc hoc

Pé nghién ctru hiéu qua phanh BXSMRM, ta can phai xac dinh cac théng sb dong lwc hoc nhu: gia
tbc doc, gia tbc ngang, géc l&ch gitka than xe dau kéo va than so mi ro modc, qu§ dao chuyén ddéng cla
doan xe, hé sb trwot, phan lwc théng dirng clia dwong tac dung 1én cac banh xe bén trai va bén phai, lwc
phanh & cac banh xe bén trai va bén phai,... Do d6, nhém tac gia chon mé hinh khéng gian dé& co thé mo ta
day da cAu traic DPXSMRM va nghién cvu hiéu qua phanh chinh xac [4]. Doan xe SMRM 14 mét hé nhiéu vat,
cAu tric phirc tap nén nhom tac gia st dung phwong phép tach cau tric dé thiét 1ap mé hinh, phwong phap
nay cho phép mé dun hoa cac phan tir trong co hé, d& dang thay ddi cAu tric va dic tinh cum, dé& thuc hién
va phu hop véi tw duy md phéng trén may tinh. Viéc thiét 1ap md hinh déng lwc hoc phanh DXSMRM dwa
vao phwong phap tach ciu tric va thyc hién theo cac buéc nhw sau: Phan tich dac diém cAu tric khung
v, kiéu hé théng treo, kiéu 16p; Dinh nghia hé toa d6 cb dinh va cac hé toa do6 vat, toa do suy réng, toa do
qui dan; Tach céu tric DXSMRM thanh 8 vat va xac dinh ndi lwc hé théng treo, lwc twong tac 16p-dudng;
Viét phwong trinh Newton-Euler cho cac vat va lién két cac vat theo cac mé dun; Giai phwong trinh vi phan
bang phuong phap sb [4-6] (Hinh 1).

Hinh 1. M6 hinh ddng luwc hoc doan xe so mi ro moéc [7]
inj - Phéan luc thdng dimng tac dung 1én banh xe; qu. - Lwe doc tac dung 1én banh xe; Fyij_ Lwc ngang tac dung lén

banh xe; F, ,, FM Fior - Phan Iwec tac dung Ién khép yén ngwa clia xe dau kéo theo phuwong x, y, z;

Frz Fi Fizo - Phan Iy tac dung lén khop yén ngura cuia so' mi ro mooc theo phuong x, y, z;
M” - M6 men tac dung Ién banh xe; ¢_- Goc lac doc {hén xe dau kéo qugnh truc y;
9., - Goc lég doc than so mi ro mod6c quanh truc y; B,, - Goc lac ngang than xe Qé:u kéo quanh truc x;
B,, - Goc lac ngang thdn so mi ro mooc quanh truc x; y,, - Goc quay than xe dau kéo quanh truc z;

w,, - Goc quay thdn so mi ro mooc quanh truc z

Dwa trén phwong phap tach cau tric va str dung phwong trinh Newton-Euler dé thiét 1ap hé phwong
trinh déng lwe hoc phanh BXSMRM 6 ciu gdm 42 phwong trinh. Hé phwong trinh déng lwc hoc DXSMRM
trong mét phang dwéng nhw sau:
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(m, +Zj)m,1,-)<x;1 V) = (Fay = Fi 088, +(Fyy = Fiys)cossy, = F, sind, "
= Fy SISy, —(Fpyy + Fgy + Fray + Fpyy) + (B + gy + Fgy + Fp) = Fy — By

(m, +Z:mm.)(jiel W xy) = (Fy = Fgy)sino, +(F,, — Fp,)sind, )
+ Fy”cosén + Ev12005512 +(Fp +F o + 15 +F},32)—Fky]

JoaWo =[(Fy — Fgyy)sind,, + (F,, — Fyy,)sino,, +Fy“cos5ll +Fy12cos512]l1 (3)

+ (F,1,c088, — F,,,c086, +F,, sin o, -F,, Sin &, + Fp €086, — Fp,c086,, )b, +F;<yllk1
+(F;22 _Fx21 +FR21 _FRzz)bz +(F;32 _F:m +FR31 _FRS)bS _(Fyzl +F 22)12 _(Fy3l +F,32)Z3

Y. Y

6
(m,, + Zm/ﬂ)(jécz W2 Vr) = (Fray = Fra) + (Frpy = Frap) + (Frsy — Frs)) + (Frsy = Fsy) 4)
4
+(Fqr = Fre) T (Fegy = Frea) + £
6
(m, + 24: M) Gy #V iy Xy) = Fopy + Fyy + Fpy 4+ Fog + Fy + Fo +F (5)
chzwcz = (Fx42 _F;m + FR41 _FR42 )b4 + (Fx52 _Fxsl +FR51 _stz )bs _(Fy6l +Fy62 )16 (6)

+(Fy = Frg1 + Fret = Frea o5 + Fppoliy = (Fyy + FLp)y — (Fsy + F 555

> ¥y

trong do: m_, m, la khéi lwong dwoc treo xe dau kéo (XPK) va so mi ro modc (SMRM); i ,.i, la
van tbc, gia tbc phwong doc trong tam XPK; j.,.j., la van téc, gia téc phwong ngang trong tam XBK;

%.,,%, la van téc, gia téc phwong doc trong tam SMRM; ¥.,,7., 1a van téc, gia tbc phwong ngang
trong tdm SMRM,;

Phuwong trinh chuyé&n déng thdng dirng theo phwong z va phwong trinh 1&c doc quanh truc y ctia khéi
lwong dugc treo DXSMRM trong mat phang thng ding nhu sau:

mcl(fcl _(bc]xcl) =Fcn +F1<11 +Fc12 +F1<|2 +Fc231 +FK231 +F0232 +F1<232 _F;(zl (7)
chl(bcl = (Fcn +FKI] +FC12 +FK12)ll +szllkl _Fkxl(hc] _hkl) +(F:|1 +Fx‘lz)(hc] _”1)+M11 (8)
L+l . .
= (Feos + Fyosy + Feosy +F1<232)[ . 3j+E1’X1(hwl —h)+ (Fopsy + Fopp )by —r3) + M,
Moy (2 = PurXer) = Fogy + Fyegy + Fopy + Fygp + Fosy + Fysy + Fosy + Fyesy + Fog + Frg + Feg + Frey + P (9)
chz(bcz =_(Fc41 +FK41 +FC42 +F1<42)l4 _(FCSI +F1<51 +FC52 +FK52)IS _(FCGI +FK61 +FC62 +FK62)I6 (10)
+(F;4l +F;4z)(hcz —r4)+(F;5| +F;52)(hc2 —r5)+ F,(h, _hk2)+szzlk2+(F;6[ +Fj\;62)(h02 —r)+M;
‘]xcl “cl = (Faz +FK12 _FCll _Fl(ll)wl +(Fc232 +F1<232 _FC231 _FK231)W23 +E(hc1_h31)+ﬂs(hc1_h323)+ka1 (11)
i=6 i=6
J 2 Pea =Z(FC[2 + Fay = Foi = Fa)W, +ZFi(hc2_th) M (12)
i=4 i=4
mAi(zAi+ﬁAiyAi):FCLz]'+FKLij —Fy —Fyy (13)
m; (3 _BAiZAi) =F+F,; (14)
JAxiBAi = (Fon + Fy = Foin = F)W, + (Fepn + Fygin = Fopny = Fian)b = Fy ( + E ) + F (hy, — 1) (15)

trong do: 7, Z,, la gia téc phwong thang ding clia XDK va SMRM; z ., Z . 1a van téc, gia tc phwong thang
dlrng cla ciu the .

Cac phwong trinh tir (1) dén (6) 14 phwong trinh mé ta chuyén dong ctia PXSMRM trong mat dudng;
14 phan &ng clia DPXSMRM khi lai xe ga (téng téc), phanh hodc quay vé l&ng. 6 toa d6 suy réng mé ta déng
Iwc hoc DPXSMRM la co s& danh gia hiéu qua phanh. pé giai dwoc hé phuong trinh do ta can xac dinh cac
Irc lién két vé phai trong d6 co lyc doc va ngang banh xe F,; = F 0 F,; = F,0,; . Cac hé sé bam cla cac
banh xe ¢,; dwoc xac dinh bang mé hinh 16p. Mudn mé ta dong lvc hoc PXSMRM mot cach day di nham
nghién ctu dong lwc hoc phanh DXSMRM ta phai mé ta dong lwc hoc banh xe dan hdi nhw Hinh 2. Twong
tac gitra banh xe va dudng 1a twong tac déng lwc hoc, ta co thé dung cac mé hinh 16p dé xac dinh cac luc
twong tac 16p-duwong. Chuyén dong clia PXSMRM duoc xéc dinh béi cac Iue twong tac 16p duong F, F,
FZ,,j. Diéu kién can d& DXSMRM chuyén déng la c6 md men chi dong MA,./., mé men phanh MB,,jvé goc quay
vo lang J,. Diéu kién di d& DXSMRM chuyén dong la co hé s6 bam doc ¢, va hé sb bam ngang ¢

ymax®
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Cac mé men M,,, M, 1am cho banh xe quay
quanh truc y. Tuy nhién, twong tac banh xe
véi dwdng la co trwot nén chuyén déng quay
cla banh xe hoan toan doéc lap véi chuyén
dong tinh tién cla no, nghia la khi lan, banh
xe ¢ trwot va tdn hao van toc. Do do, khi md
phdng ta can thiét Iap mo hinh déng lwc hoc
banh xe. Doan xe SMRM ¢6 6 ciu, gia thiét
mdi cAu cé 1 banh xe bén trai va 1 banh xe
bén phai, ta cé6 phwong trinh dong lwc hoc
clia 12 banh xe trong mét phang doc nhw
sau: J,,; @, =M —My, —Fyry; (16).

xij

Vay ta da thiét lap dwoc hé phwong
trinh déng lwc hoc phanh BXSMRM 6 cau )
gdm 16 phwong trinh tir (1+16), vé phai cac Hinh 2. So'd6 dong Iure hoc banh xe [7]

J, .- M6 men quan tinh truc y cda banh xe thir ij;

hij" " Fij

phuwong trinh nay c6 chira cac Iwc lién két clia A . o g o
hé théng treo (Fop Fig), e va m6 men lién M. - M6 mh/;/;z_ ’f‘]”;’n’;'i';:;:i’: ct)l?g it')'arn h;a?rflgn% déng cla
két cia khép yén nguwa (F, ., F, , F,_, M Bi P b T °ng

o Uiyt Dty Mot 16p ther f; 1y =y —(hy =& 5 Toi™ Ban kinh tinh ctia I16p thiy ij;
Foor P Fran Myo), lwc lién ket 10p duong - gan kinh thiét ké cua I6p thir i 1 - D6 vong

(Fyy Fyp Fy)- Do d6, de gidi duoc hé phuong  gan 16 thur i F, - Luc dan héi cda hé théng treo banh xe

trinh dong luc hoc phanh DXSMRM cén phai thir j; F,, - Luc cén cua hé théng treo banh xe thi
xéf: dinh cac lwc va md men Ii(jan két chia hé ch_if - Luc dérz héi hu@ng kinh cda 16;3 ther ij;
thong treo, khép yén ngwa va 10p-dwdng. 4 Say - Chuyén vi, gia toc phuong thang ding
tdm banh xe thir ij.

@ 3. Két qua khao sat

S dung phan mém Matlab-Simulink DO THI M,
dé khao sat dong Iuc hoc phanh DXSMRM 6 o —1|
cau, gdm xe dau kéo FAW 3 cau va so mi ro -2
mooc TanThanh 3 cau. Biéukiénkhdosatnhe \ _2
sau: Cho DXSMRM chay &n dinh trén duwdng é -5000 — 5
thdng & van téc 60 km/h, rdi phanh vé&i mémen = -6
Mg=80%M,_,, (v&i MBdm=Fquxmaxrd ung Voi 8 -10000
?.0=0,8). Khdo sat trén 6 loai duong
c6 hé sb6 bam khac nhau la ¢ __=
[05 06 07 08 09 10]. Buong -15000, 2 4 6
lidn mau den (1) G&ng voi trwdng hop ) .
g, =05 duong det mau den (2) tng voi Hinh 3. M6 men banh xe cau trwéc 1 [7]
truong hop ¢, =0,6; dwong lién mau do DO THI M,
(3) ng voi trwong hop ¢ =0,7; dwdng dut :
mau dé (4) &rng voi trwdng hop ¢, =0,8; ol N\ i :;
dwdng lien mau xanh (5) trng v&i trwdng hop -3
9, ma=0,9; dwong dit mau xanh (6) ng voi . -——4
treong hop g, =1. Hinh 3-5) ladd thime £ 2000 —5]
men chd dong va mdé men phanh dau vao = 8
cta md hinh khdo sat &rng véi trwong hop -10000 |-----mrmreemea N RS S —
M,=80%M,, .

Mot sb két qua khao sat anh hudng 15000
cia hé sé bam dén hiéu qua phanh DXSMRM 2 T 6
trén duwdng thdng & van tbc 60Km/h nhu sau: Hinh 4. M6 men banh xe cau gita 3 [7]
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DO THI M51 DO THI s
: p 0.02
— —1
0 -2 —-er2
—3 0 — 3y
3 B \ -
T e S — — 5] -
;55 g =002 el
-10000 - N -0.04 \V/\v/'\/—-
- -0.06
15000] 5 . 5 0 2 4 6
t(s) t(s)
Hinh 5. M6 men banh xe céu sau 6 [7] Hinh 6. Hé sé truot banh xe céu 1 [7]
DO THI S DO THI Sg1
0.2 0.2
—1 —1
0 \ % 0 -—=2H
1 1\ S s
_0_2 i — 3 i . ‘| — 3 I
'l= — 0.2 i —)
_ 04 -, —5] =04 —5|
W 1 --—6| w \ —
06 ; 06
0.8 : \
', 08
-1 L :I\
-1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
t(s) 1(s)
Hinh 7. Hé sé truot bénh xe cau 3 [7] Hinh 8. Hé sé truot bénh xe céu 6 [7]

Hinh 6 biéu thj hé sé trwot clia banh xe cdu trudc 1 theo thdi gian. Ta thdy ddi véi banh xe cau truéc
1 thi hé sb trwot khi phanh trén ca 6 loai dwong co hé s6 bam P 10,9, 0,6; 0,7, 0,8; 0,9; 1,0] déu nho hon
5%, nén cac banh xe lam viéc trong viing dan héi tuyén tinh, luc nay truyén luc gitra banh xe va dwong 1a
truy&n lwc khép-dan hdi, do d6 cac banh xe 1am viéc 6n dinh trong ca 6 trang thai dudng. Ly do, khi phanh
lwc quan tinh doc cuing chidu chuyén déng 1am phan b lai tai trong tac dung Ién cac banh xe, liic nay phan
Iwc thdng dirng tac dung 1&n cac banh xe cu trwdc ting Ién, cAu gitra va cau sau gidm xudng, lam cho lwc
bam cla banh xe 1 tdng theo va ludén I&n hon Iyc phanh vi thé banh xe 11 khoéng bi truot.

Hinh 7 biéu thi hé sé trwot clia banh xe cau gitka 3 theo thdi gian. Ta thay khi phanh véi cudng do
béng 80% mé men phanh dinh mirc trén dwdng c6 hé sé bam cao ¢ = [0,7; 0,8; 0,9; 1] thi hé sb trwot
clia cac banh xe cau gitra 31 nhé hon 10%, cac banh xe lam viéc 6n dinh. Con dbi véi dwong co hé sb

9 ma=10,5; 0,6] thi sau khi phanh khoéng 1s hé s trwot tAng 1&n nhanh chéng dat gia tri tdi da 100%, IGc nay

cac banh xe bi b6 ctrng hoan toan, truyén luc gitba banh xe va dwdng la truyén lwc ma sat, cac banh xe bi
trwot 1&t trén mat dwong.

Déi voi cac banh xe cau sau 6, khi phanh trén dwong cé hé s6 bam cao ¢, =[0,8; 0,9; 1] thi hé s6
trwot nhd hon 10%, cac banh xe lam viéc 6n dinh. Khi phanh trén dudng co hé sé bam thép ¢ =[0,5; 0,6;
0,7] thi hé sb trwot dat gia tri téi da 100%, cac banh xe bi bé civng va truot hoan toan (Hinh 8).

Hinh 9, 10 1& d thi gia téc phanh xe d&u kéo va so' mi ro moodc. Ta thay gia tc phanh ctia xe d&u kéo
va so' mi ro moodéc ¢é hinh dang va gia tri twong di gibng nhau. Khi phanh DXSMRM véi mé men béng 80%
mo& men phanh dinh mc trén dwdng co hé sO bam cao ? max —10,8; 0,9; 1] thi gia toc phanh dat 6,3m/s?; dwdng
c6 hé s6 bam ¢ =0,7 thi gia tbc phanh khoang 5,6m/s? duong cé hé s6 bam ¢, =0,6 thi gia tbc phanh
dat khoang 4,7m/s2, hiéu qua phanh gidm khoang 25%; dudng cé hé s6 bam @ max =05 thi gia tbc phanh dat
khodng 4m/s?, hiéu qua phanh gidm khoang 37% (Bang 1).

TAP CHi KHOA HOC CONG NGHE XAYDU'NG TAP11S04

07 - 2017




KET QUA NGHIEN CUU VA UNG DUNG

DO THI a DO THI a
X1 X2
2 2
—1 —1
0 2 0 A
—3 —3
Nr; 2 ----4 1l (\l; —2 ----4’
E \ > 2 \ —5
£ " £, —
Nx 4 e Nx _4
6 -6
8 1 2 3 4 5 6 7 _80 1 2 3 4 5 6 7
t(s) i(s)
Hinh 9. Gia téc phanh xe dau kéo [7] Hinh 10. Gia téc phanh so mi ro moéc [7]
Béng 1. Gia téc phanh va hé sé trurot trén 6 loai duong [7]
L Gia téc phanh (m/s?) Hé s6 trwot
Hé so bam I
s iéu chuan
Dt Khao sat ECE-R13 s, s, S,
0,5 4,0 5,0 0,040 1,0 1,0
0,6 4,7 5,0 0,032 1,0 1,0
0,7 5,6 5,0 0,028 0,04 1,0
0,8 6,3 5,0 0,027 0,04 0,05
0,9 6,3 5,0 0,026 0,03 0,04
1,0 6,3 5,0 0,025 0,03 0,04

@ 4. Két luan

Phanh DXSMRM véi cwdng dd 80% md men phanh dinh miéc & van téc 60km/h trén dwéng
0,..,=10,7; 0,8; 0,9; 1,0] thi gia tbc phanh > 5m/s?, dat tiéu chuan ECE-R13, DXSMRM chuyén dong 6n dinh;
duong ¢, =0,6 thi cac banh xe cau gira va cau sau bj trvot hoan toan, gia téc phanh khoang 4,7m/s?,
hiéu qua phanh gidam 25%; dwong ¢, =0,5 thi cac banh xe cau gitra va cau sau bj trwot hoan toan, gia téc
phanh khodng 4m/s?, hiéu qua phanh gidm khoadng 37%. Vay phanh BXSMRM véi cwdng dd 80% & van
téc 60km/h trén duong co hé s6 bam ¢ =[0,6; 0,5] thi DXSMRM bj truot, mét on dinh chuyén dong, hiéu
qua phanh gidm tir (25-37)%.
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