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Muc dich cua nghién ctu 14 xay dung va mé phong mo hinh dong luc hoc
doan xe nham xac dinh tai trong dong tac dong 1én khung xe so mi ro
modc. Mb hinh dong lyc xe doan xe gom dau kéo va so mi ro mooc dai 40
feet dugc mo6 phong sur dung Matlab/Simulink. Tai trong dong sinh ra do
kich thich tir mip mé mit dudng dén banh xe qua hé thong treo tac dong
1én khung xe. M6 hinh dugc img dung dé nghién ctru vé rung 6n va phan
tich d beén két cau. Két qua khao sat mo hinh Ia tai trong dong lén khung
xe khi xe di qua duong map mo ng?luvnhién theo tiéu chuan ISO 8608. Mot
s6 két qua nghién ctru duoc dua ra dé danh gia va phan tich kha ning g
dung ctia mo hinh.

Abstract
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This study aim is to develop and simulate dynamics of a combination
tractor and semi-trailer to determine dynamic loading generated at semi-
trailer chassis frame. Dynamics model of articulated vehicle with 40 feet
semi-trailer using Matlab/Simulink. Dynamic loading in motion generated
mostly due to the excitation from the rough surface of the road via wheels
and suspension system to the frame chassis. This model is usually utilized
to study the vibration problem (NVH) and structural strength analysis. The
results of analysing model are the dynamic loads generated when the
vehicle travels on road surface with the typical bump and road roughness
profiles in accordance with ISO 8608. The research results are plotted for
assessing and analyzing the applicability of the proposed model.
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1. PAT VAN DE

Trong dich vu van chuyén hang héa, xe tai ning va doan xe dong vai trd quan trong, chiém
phan 16n khéi Irgng van chuyén bang dudng bd. Vi su phat trién kinh té xa hoi, nhu cau su
dung somi ro moéc (SMRM) vén chuyén hang hoa dudng bd ngay cang nhiéu va da dang.

Dbi véi cac doan xe so mi ro mode (DXSMRM), thong thuong cac nghién ctru vé dong luc
hoc thi tap trung vao nghién ctru tinh diéu khién quy dao chuyén dong nham dam béo an toan
cho hang hoa, con ngudi va cac phuong tién khac do tinh tham khdc néu cé tai nan xay ra hoic
nghién ctru anh hudng tai trong cia ching anh huéng dén két ciu cau duong, hé thng giao
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thong hodc dua ra cic canh bao ving hoat dong anh huong xau tic dong dén hang hoa, dudng
x4, tai nan trong mot s6 cac nghién ctru da dugc cong bd [2,3,4,7].

Muc dich chinh cua bai bao 14 xdy dung mé hinh dong luc hoc thing dirg DPXSMRM cé
ké dén dic tinh phi tuyén hinh hoc cua hé théng treo va lép nhiam muc dich xac dinh céc tai trong
dong thang dimg sinh ra do kich dong tir mip mé mit duong. Nghién ciru khao sat va mo hinh
dong luc hoc thang ding cia DPXSMRM 5 tryc dai 40 feet trong Matlab/Simulink. M6 hinh nay
duogc tmg dung vao dé nghién ciru vé rung On va phan tich d6 bén két cau. Két qua khao sat mo
hinh 1a tai trong dong 1én khung SMRM khi xe di qua dudong c6 mip mo ngiu nhién theo tiéu
chudn ISO 8608:1995. Mot sb két qua khao sat & cac ché do khac nhau va dugc dua ra dé danh
gid va phan tich.

Noi dung bai béao bao gdm céc phan chinh nhu sau: phan gidi thiéu, phan hai 1a xdy md
hinh dong luc hoc thing dung ciia doan xe, phan ba gi6i thiéu va md ta mip md mit duong theo
tiéu chuan ISO dé khao sat md hinh, két qua va phan tich két qua khao sat dwoc trinh bay trong
phan bdn va cudi cung 1a két luan va kién nghi.

2. MO HINH POAN XE

2.1. M6 hinh khéng gian

Poan xe dugc chon khao sat 1a doan xe SMRM 5 cAu, gém xe dau kéo 3 cAu va SMRM 2
cau (hinh 1). Trong d0, cau 1 1 cAu din hudng, cau 2-3 14 cu tandem din dong xe kéo v6i hé
thong treo dang can bang, cau 4-5 14 cau tandem lién két véi SMRM bang hé théng treo dang can
bang don lic doc.
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_Hinh 1. M6 hinh doan xe 5 cau
a. Hinh chi€u canh b. Hinh chiéu tir sau

Theo Hinh 1, OXYZ 1a hé toa do cb dinh; m¢;, me,, 1a khdi lwgng duge treo xe kéo,
SMRM va my; 1a cac khdi luong khong dugc treo tai cac clu i (1=1=+5);Zc1, Zc> 1a chuyén Vi
théng ding cua khdi luwong m¢;, Mey; Zai la chuyén Vi théng ding cua khdi luong khong dugce
treo mai; li, b, I3 khoang cach tir trong tam xe kéo dén cau 1, 2; 1y, Is khoang cach tur trong tdm
SMRM dén cau 4,5; L, ko khoang cach tu chét kéo cia SMRM dén trong tam xe kéo va
SMRM; G, Ky d§ cung va hé s6 can giam chin hé théng treo thur ij, vdi i 1a thir ty cac clu xe va
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j: 1_tréi, 2_phai; Cryj, Ky d6 ctimg va h¢ s6 can hudng kinh 16p thir ij, wikhoang cach tam cau xe
dén diém dat he thdng treo i, 2b; 1a chiéu rong co s& cau xe thir i, hjj méap mo mit dudng tai cac
banhxe ij ((i=1+5,j=1+2);

Trong nghién ctru [7], tic gia da thiét 1ap mot md hinh xac dinh tai trong dong lam tai lidu
tham khao cho cac nghién ctru thiét ké duong véi mo hinh doan xe trong khong gian véi 28 béc
tu do khuyén cdo cho nganh ciu duong trong viéc thiét ké dudng cho 6 to noi chung va doan xe
ndi riéng. Mo hinh dong lyc hoc doan xe SMRM dugc md ta khong gian cho cac muc tiéu khac
nhau nhu kich dong mét day, kich dong hai day, kich dong don. Trong ndi1 dung bai bdo, nghién
ctru nhim xac dinh tai trong dong thang dimg tac dung 1én khung xe SMRM ddi véi doan xe 5
cau voi 16 bac ty do (DOF) md ta 16 toa do suy rong bao gdm chuyén dong phuong thing ding
bXSMRM gém cac khdi lwgng dugc treo me; va mes (2, Zea); €ac goc lic doc B By va goc
ldc ngang Pe1> Py chuyén dong thang dimg va lac ngang cac khdi lugng khong treo tai cac cau
XC ZAi » BAI

Pé xac dinh tai trong dong thang drng, mo hinh sir dung mot s cac gia thiét sau:

- Poan xe SMRM dbi xtng truc theo chiéu doc;

- Cac m6 men MZlJ tai cac banh xe bang khong (M;=0,1i=1+5,j=1+2);

- Do dan hoi ctia hé thong treo tuyén tinh khi chua va cham vau han ché hanh trinh;

- Do cimg hudng kinh 16p khong thay d6i khi chua tach banh;

- Banh xe 14 dan hdi; Cac banh xe kép dugc quy vé banh xe don; Khoang cach gitra hai vét
tiép xtc duoc xac dinh 1a gia tri trung binh cta vét tiép xtic hai banh xe don;

- Bd qua chuyen dong dich chuyén ngang tuwong ddi giira khdi luong duoc treo va khong
dugc treo, chi xét lic doc va lic ngang.

2.2. M6 hinh dong luc hoc

Phuong trinh dong lyc hoc doan xe bao gém cac khdi luong dugc treo cua xe kéo, SMRM
va cac khdi luong khong dugc treo ciia cau din hudng xe kéo, cau tandem chu dong xe keo va
cau tandem xe ban modc. Viée thiét 1ap phuong trinh dong Iyc hoc theo nguyén li tach céu tric
hé nhiéu vat va dya trén nguyén li D’ Alambert dé mé ta chuyén dong cta cac toa do suy rong.

Hé phuong trinh dao dong thang dimg cia mé hinh doan xe khao sat theo [5, 7] duoc md
ta nhu sau:

((Me1Zey =Fcy +Fgy +Fey +Fgy +Fe3 +Fgz —Fy,
Jye1@c1 == (Fer +Fy))ly +(Feaz +Fi3) bs —Fize
Jxc1Ber = (Ferr +Frin —Feiz = Frizd)wi + (Feoy +Fior = Fear —Fror )W,
+(Fe31 +Fiar —Fesp — Fraz )ws
SMeyZey =Fcy +Fgy +Fes +Fgs +Fy, (1)
Jyc2@c2 = (Fea +Fa)ly + (Fes +Fis)ls —=Fpz. o
Jxc2Bez = (Fear +Frar —Fcaz = Frap)Wa + (Fes1 + Fys1 —Fesy —Fisa)Ws
MuiZy =Ferin +Fgiz —Fein —Fra
\ JeaiBai = (Feir +Frin —Feip = Frio )W + (Fepiz + Fraiz —Ferin = Fraa )b
voi(i=1+5,j=1+2) ,, i i
. Heé phuong trinh (1) mo6 ta chuyén dong thang ding cua t6 hop doan xe SMRM vai bay
khoi lugng gdm 16 phuong trinh md ta cac béac ty do cua hé voi thong s6 dau vao 1a kich dong
mat duong. Trong do, Fcij va Fkij 1a cac ndi luc cuia h¢ thong treo:
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{FCij =C(zy —2;) 2

Fij =K (Zy —Z;)

Véi K, C 1a cac hé sb dic trung cho h¢ théng treo 0 t0, Ferij va Fiij 1a cdc ndi luc hudng
kinh cua lop.

2.3. Dic tinh h¢ thong treo va tai trong dong tai banh xe

Trong ndi dung nghién ciru ndy, cac luc lién két gdom lién két giita khdi lwong duoc treo va
khong duoc treo, lién Kkét gitra mat duong va banh xe dugc md ta trong moé hinh khao sat dugc
coi 1a cac lyc phi tuyén hinh hoc.

D6i v6i cau dan dong xe kéo sir dung hé thong treo can bang kiéu tandem, cac luc dan hoi
Feij va luc can giam chdn Fy;; (i=2+3, j=1+2) dugc md ta theo [5] nhu sau:

Zpz3j = %(ZAZJ' +ZA3j)
FCZj +FK2j :FCSj +FK3j = %(Fcz3j +FK23j)
Dbi voi cau 4 va 5 xe ban modc su dung hé ‘théng treo c4n bang lién tiép co don lic doc,
Phuong trinh chuyén ddng gdc cua céc thanh can bang doc theo [7]:
Jy1V1 =(Fes1 +Fgs1 —Fean +FK41)§
]y2]72 = (Fs2 +Fks2 —Fca +FK42)§
Vi yi la gée géc doc cua don doc, ¢ 1a chiéu dai don 1ic doc. Noi luc hé théng treo duoc

xac dinh tu do cliing phén ttr dan hdi C va hé sb can K véi do dich chuyén va van toc dich chuyén
tuong doi gitra khoi lwgng dugce treo va khong dugc treo duge xéc dinh nhu sau:

I( Cor(2aij — 24 +fc$j)

4FCU =1 Cij(za;j —24))

| _COO(ZAij —Zjj —fﬁj)
Frij =Kij(%uj —Zij)

Tai trong banh xe ¢6 ban chat 1a phan lyc 16p-duong, gom tai trong tinh va tai trong dong,

néu bod qua can huéng kinh cua lép thi cac phan lyc théng dung F,; dugce x4c dinh phu thudc vao
trang thai tiép xac gitta banh xe v4i mat duong [2]:

inj= FGij + Fz,dyn

3)

4

)

Trong do, Fg; 1a tai trong tinh; F, 4, 1a tai trong dong.

F,ii :{ Feijp hi(Zaij —f ) 20 .
zij, dyn 0, ij(ZAij _fﬁj)]’KO
( m
|CLij(hij _ZAij) ; h —(f _g"_“%)> >0
FCLij = 4' o
\

: =) (e o
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3. KICH PONG MAP MO MAT PUONG

C6 nhiéu nguon kich thich gdy ra dao dong thing dimg cho 6 t0, trong d6 ngudn kich dong
chinh la tir cac map mé cua bién dang duong. N6 anh hudng dén nhiéu tinh nang khai thac, dac
biét anh huong dén tinh ém diu, an toan chuyén dong va do bén lau ciia 6 to. D6i v6i cac nghién
ctru vé dao dong va do bén két cau ciia 6 t6 khi chiu tai trong dong thang dimg tir mat duong 1én
cac két ciu ctia SMRM thi s liéu vé d6 map mo bién dang mit duong 1a rat can thiét.

Té chuc tiéu chuan qudc té (ISO) dua ra phuong phap biéu thi 6 map mé bién dang mat
duong véi tiéu chuan ISO 8608:1995 [1] voi 4 loai duong thong dung phu hop diéu kién khao
sat va md phong dbi voi doan xe: “A-B” rat t6t, “B-C” duong tdt, “C-D” dudng trung binh, “D-
E” duong x4u.

Theo [6], néu xem 6 t6 chuyén dong déu v6i van toc khong ddi thi md ta mip md mat
duong ngiu nhién thong qua ham bién d6i Fourier nguoc nhu sau:

h(x) = YN, VAn. % 103 @V) cos (21 i. An. xH¢@ (8)

V6i x 1a bién thay doi tir 0—L; An = 1/L; nyex = 1/B; N = npa/An, k 13 hing s6 theo ISO
cho tung loai mat duong, co gia tri tur 3 dén 6 tuong ung cho mat duong AB, BC, CD, DE; ny=
0,1 vong/m; ¢ ¢ gid tri ngau nhién tir 0 — 27.

Ham h(x) dugc st dung 1am ham kich thich cho m6 hinh khdo sat dugc thyc hién trong
Matlab/Simulink. Hinh 2 mé ta map mo miat duong ngau nhién véi tdc do 40km/h cho céc loai
duong AB, BC, CD, DE.

h(x) mm
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-100

-150

-200

X(m)

Hinh 2. Bién dang mép md mat dudng theo ISO cho cac mat duong AB, BC, CD, DE

4.KET QUA

Tai trong dong thang dimg cia PXSMRM 5’c§u qua hé¢ phuong trinh (1) dugc mo6 phdng
trong moi truong Matlab/Simulink véi cac thong so cua xe tham khéo theo Bang 1.
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Bang 1. Thong s két cau doan xe 5 cau tham khao

Théng sb Ky hi¢u Pon vi Gia trj
Chiéu dai co so cia xe kéo Li+a m 3,05+ 1,3
Kich thude bao ban mooe DxRxC m 12,500 x 2,480 x 3,95
Chiéu dai co sé cua xe ban mode L,tb m 9+1,31
Khdi lwgng toan bo xe kéo M, kg 8.720
Khdi lugng ro mode M, kg 27.000
Khdi lwgng phan bé 1én chét kéo m,, kg 9.200
Khdi lwgng phan bé 1én cau 4,5 ban mode - kg 9.000
Do cung cua nhip trudce xe kéo Cy N/m 250.000
b6 cung cua nhip sau xe kéo Cys N/m 1.400.000
Do cling cua nhip cAu xe ro modc Cyj, Cs; N/m 700.000
Heé s6 can giam chan cia treo trude xe kéo Kj; Ns/m 15.000
Heé s can giam chén cua treo sau xe kéo Ky Ns/m 30.000
Heé s can giam chén ciia treo xe ro mooc Ky, Ky Ns/m 30.000
Do cimg hudng kinh 16p trude xe kéo Cyyj N/m 1.000.000
D6 clng hudng kinh 16p sau xe kéo Craj, Crs; N/m 2.000.000
D6 clng hudng kinh 16p SMRM Cry;, Cis N/m 2.000.000

F (N)

38

‘Trong n6i dung nghién clru nay, cac ché d6 duoc lya chon dé khao sat mo hinh doan xe &
cac toc d6 60km/h va 80km/h trén cac mat duong BC va CD nham muc dich xac dinh tai trong
dong tir kich dong map mé mit duong va banh xe qua hé thong treo tac dong 1én cac vi tri lap
ghép hé thdng treo véi khung xe ban modc. Py 1a truong hop thudng xuyén xay ra trong thuc
té, déj v6i DPXSMRM phil hop cho bai toan xac dinh tai trong dong nham danh gia d6 bén cac
ket cau.

DO THI LUC TAI TRONG DONG LEN KHUNG BAN MOOC

F (N)

DO THI LUC TAI TRONG DONG LEN KHUNG BAN MOOC
T T T T

X:7.433
Y:4.983404 o oo

Y: 5.062e+04
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ot DO THILUC TAI TRONG DONG LEN KHUNG BAN MOOC : . DO THILUC TAI TRONG DONG LEN KHUNG BAN MOOC
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Hinh 3. Tai trong dong tai cac mau nhip & cau 4 va 5 xe ban mode
a. buong BC, 60km/h b. Buong BC, 80km/h c. Puong CD, 60km/h d. Buong CD, 80km/h

DO THI HE SO TAI TRONG DONG BAN MOOC DO THIHE SO TAI TRONG DONG BAN MOOC

1(s) 1(s)
a b.
DO THI HE SO TAI TRONG DONG BAN MOOC ) DO THIHE SO TAI TRONG DONG BAN MOOC
13 T T T T T T T T = T 1 T T
By 1725 —— kdst X129
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i ]| .l D) vet2s ‘ .
1r 1 | 1 .
% | i ] il ‘ ! |
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a4 AR i
2o 1N il M
08 { 1
—kd5t| |
o
ik I i : I I i I I I
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Hinh 4. Hé s6 tai trong dong cau 4, 5 xe ban modc
a. buong BC, 60km/h b. Buong BC, 80km/h ¢. Puong CD, 60km/h d. Buong CD, 80km/h

Qua cac két qua mo phong tai trong dong va hé sb tai trong dong tai vi tri ciia khung va hé
thong treo & cau 4 va 5 xe SMRM khi cho doan xe chay cac tbc do khac nhau trén cac mit
duong map mod ngau nhién khac nhau. C6 thé d& dang quan sat duoc trén cung loai duong van
tbe cang 16n thi gia tri tai dong va hé s6 tai trong dong ting theo va cung mot van tdc loai dudng
cang x4u thi cic cac gia tri cuc dai cia chung ciing ting theo. Gid tri hé s tai trong dong 1on
nhét sinh ra & vi tri cAu s6 5, cu thé trén duong BC 1a 1,131 va 1,15 va trén dudng CD 14 1,3 va
1,43 & van toc lan lugt 60km/h va 80km/h,

Dé danh gid hé sb tai trong dong & cac két qua md phong, ta co thé ding gia tri binh
phuong trung binh RMS(kd) thé hién qua Hinh 5.
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Hinh 5. gi4 tri binh phwong trung binh RMS(kd) khung SMRM tai cau s6 5

Gia tri binh phuong trung binh hé s6 tai trong dong tai khung ciing c¢6 xu hudng ting khi
van toc ting va tang khi cting van tdc ma duong x4u hon. Gia tri binh phuong trung binh dbi véi
hé s6 tai trong dong co thé dugc dung tham s6 tham chiéu khi mo phéng mé hinh dong lyc hoc 6
t6 trong mdi truong MBS (Multiboy System) dé danh gia do bén két céu.

5. KET LUAN

Bai bao trinh bay phuong phap xac dinh tai trong dong 1én khung so mi ro mooc khi cho
xe trén mot sb duong ¢ bién dang theo tiéu chuan ISO. Két qua xac dinh tai trong dong nay co
thé duge sur dung cho bai toan phan tich do bén tinh va bén moi cua khung SMRM. D1 nhién, dé
danh gid d6 chinh xac va do tin cdy cuia moé hinh can c6 thi nghiém thyc té dé kiém chirng. Hién
nay, véi tmg dung cong cu CAE c¢6 hd tro md ta dong luc hoc hé nhidu vat (MBD), co thé xay
dung mé hinh dong luc hoc bang phuong phap MBD két hop CAE dé nang cao hidu qua trong
cac van dé nghlen clru vé rung 6n va danh gia do bén cac két cau trén 6 t6 ndi chung, doan xe so
mi ro mooc ndi riéng.

TAI LIEU THAM KHAO

[1]. ISO8608:1995, Mechanical vibration-Road Surface Profiles-Reporting of Measured Data.

[2]. P. Bolzern, R. M. DeSantis, A. Locatelli, An Input-Output Linearization Approach to
the Control of an n-Body Articulated Vehicle, Journal of Dynamic Systems, Measurement, and
Control, SEPTEMBER 2001, Vol. 123 O 309.

[3]. Le, V.Q. & Zhang, J & Liu, X & Wang, Y. (2011). Nonlinear dynamic analysis of
interaction between vehicle and road surfaces for 5-axle heavy truck. Journal of Southeast
University (English Edition). 27. 405-409. 10.3969/j.issn.1003-7985.2011.04.012.

[4]. Rosnawati Buhari, Munzilah Md Rohani and Mohd Ezree Abdullah, Dynamic Load
Coefficient of Tyre Forces from Truck Axles, Applied Mechanics and Materials Vols. 405-408
(2013) pp 1900-1911.

[5]. V& Van Huong, Nguyén Tién Diing, Duong Ngoc Khanh, Pam Hoang Phiic, “Péng
luc hoc 6 t6”, NXBGDVN, 2014.

[6]. M. Agostinacchio & D. Ciampa & S. Olita, The vibrations induced by surface
irregularities in road pavements - a Matlab® approach, Eur. Transp. Res. Rev. (2014) 6:267-275.

[7]. Phan Tuén Kiét, Nghién curu xac dinh tai trong dong théng dung cua doan xe lén mat
dwong, Luan an tién sy k¥ thuat, Truong Pai hoc Bach khoa Ha Noi, 2018.



