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MO PHONG XE TUHANH
HOAT PONG PUGC TREN MOI PIA HINH

Tran Thanh Hing'
ABSTRACT

This paper addresses the simulation of an autonomous amphibious vehicle. All components of the
vehicle driveline from the engine, CVT, gearbox to wheels are analysed and simulated, based on
their dynamic models and trial data. Results from the simulation can be useful for studying
dynamics and control of the vehicle.
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Title: Simulation of an AUTONOMOUS Amphibious Vehicle

TOM TAT
Bai viét nay trinh bay van dé md hinh hoa va md phong mér xe tw hanh moi dia hinh. Tét ca cdc
bé phdn cia xe tir dong co, CVT, hp s6 dén cac banh xe durge phan tich va diege mé phong diwa
trén mod hinh déng lic hoc va dit ligu thue nghiém. Céc két qud mé phong rat hitu ich trong viéc
nghién citu dong lyc hoc va diéu khién xe tir hanh.
Tir khoa: xe tw hanh, CVT, differential, skid-steering

1 GIOITHIEU

Xe tu hanh hoat déng duoc trén moi dia hinh (autonomous amphibious vehicle), mot khi
ra doi, s& cuc ki hiru ich trong nhiéu g dung khéc nhau nhu tham hiém, ctru nan, quan
su,... Dé co thé thiét ké dugc mot hé thong nhu vay, can phai nghién ctru nhiéu linh vic
khéc nhau, tir thiét ké, diéu khién, hé thong cam bién bén trong xe va méi trudong xung
quanh, hé thong dinh vi, co hoc dat, ... Khau quan trong dau tién 1a c6 gang md hinh hoa
(modelling) cac bd phan caa xe, dé co thé biéu dién dugc hoat dong cuia hé thong va tir 46
c6 thé thiét ké duogc cac bo diéu khién téi vu. Nhiém vu nay cuc ki khd khan vi cac bo
phan cua xe & nhitng hé thng phi tuyén, va trong nhiéu truong hop, khong thé tim duoc
md hinh chinh xac mé ta hé thong.

Bai viét nay nham phan tich va mé hinh hoa cac bd phan ciia mot xe chay dugc trén moi
dia hinh san c6, xay dyng mé hinh cta toan bo xe trén may tinh nham khao séat quan h¢
gitta cac ngd vao diéu khién va cac ngd ra dé tir do co thé cai tién thanh xe ty hanh. Bdi
tuong nghién ctru 1a mot xe chay duoc trén moi dia hinh cta hang Ontario Drive & Gear
(ODG), Canada (Hinh 1). Xe c6 cdng suét 20 h.p, kich thudc 3x1.45x1.1 m (dai x rong x
cao), khéi lwong 490kg, tai trong 454 kg hoic 6 ngudi, te do 30 km/h trén dat va 3 km/h
dudi nuéc. Sir dung 8 banh xe, l4i theo kiéu truot (skid-steering, nhu cac loai xe béanh
xich), xe c6 thé chay trén nhiéu dia hinh khac nhau, ké ca dudi nudc.

Xe st dung dong co ddt trong FD620D (20 h.p) cua hdng Kawasaki. Cong suat duoc
truyén tir dong co dén 8 banh xe thong qua CVT (Continuous Variable Transmission,
chire nang gidng nhu mot hop sé nhung ti s rang c6 thé thay déi mot céch lién tuc tuy
theo téc do va tai), hop sd, differential va hé théng xich (Hinh 2). Cac banh xe bén phai
duogc ndi véi nhau bang xich va dugc kéo bai ngd ra bén phai cua differential, twong tu
véi bén trai. Hai thang dia hoat dong doc 1ap dugc gan vao ngd ra bén phai va bén tréi caa
differential. Co cu differential va thing cho phép lai xe theo kiéu truot (thdng trai/phai
Xe s€ queo trai/phai).

1 B6 mon vién thong va Ty dong hoa, Khoa Cong Nghé Thong Tin
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Pé xac dinh cac thdng sd, xe dugc gén thém cac cam bién dé do téc d6 quay cua dong co,
hop s6, banh xe,... Nhiéu thir nghiém duogc thuc hién dé 13y dit liéu thuc té phuc vu cho
viéc mo hinh hoa hé théng. Dura trén cac thir nghiém nay céc ly thuyét lién quan, mot md
hinh don gian cua tat ca cac bo phan tir dong co, CVT, hop s6, differential, hé théng xich
dén cac banh xe di duogc phat trién va dugc md phong bang cong cu SIMULINK caa
MATLAB. Céac két qua md phong s& rat hiru ich dé biéu dién hoat dong cua tit ca cac bo
phan bén trong xe ciing nhu phuc vu cho viée thiét ké cac bo diéu khién gidp cho xe ty
hanh hoan toan. B md phong nay con co thé duoc sir dung dé thir nghiém cac bo diéu
khién trude khi tién hanh trén xe that gidp tiét kiém thoi gian va tranh céc rai ro c6 thé co.

Hinh 1: Xe chay dwgc trén moi dia hinh

Twr

Nur LA
, ’ Ki hi¢u:
Hop s6 <— Dia thang N: toc do quay
K2 ne T: moment tai
}?;(l)l% C)O <t Differential Ttric: moment ma sat
P K: ti so6 banh rang
Dia thang TbL/Tbr: moment thang
) Banhxe  trai/phai
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Tec CVT Tc Nt
Ne K1 Nc

Hinh 2: Cac b$ phin cia xe
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Hinh 3: So dd khéi cac bd phan cia xe ﬂ T_T

ToL TtricwL
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2 MO HINH HOA VA MO PHONG XE

Hinh 2 m6 ta cac bo phan cua xe véi cac thong sb tée do (ki hiéu N), moment tai (T),
moment ma sat (Tric) phan bo trén cac timg bo phan. M6 hinh lién két cac by phén cung
V&i céc thdng so phan bo duge mo ta trén Hinh 3.

2.1 Pong co

C6 thé ap dung phuong trinh khi Iy tuéng va dong hec hoc dé mé ta ting bo phan caa
dong co. Béng céch nay, c6 thé mo phong chi tiét timg chu ky ciia mot dong co 4 thi
(Crossley P. R. and J. A. Cook, 1991). Tuy nhién, trong nghién ctru nay, khong can thiét
phai md hinh dong co qué chi tiét nhu vay. Thuc nghiém cho thay c6 thé mé ta moment
sinh ra bai dong co nhu mot ham truyén bac mot (Kiencke U. and L. Nielsen, 2000):

K

T.=—"-0, 1)
rpS+1

trong d6 6 1a 46 mo cua ga (throttle); Ke va 2 1a d6 loi va hang sé thoi gian cia dong co,
duogc Xac dinh tir thuc nghiém.

Phuong trinh chuyén dong cua dong co duoc xac dinh tir dinh luat 2 Newton:
JeNe =Te _Tfric,e _Tec1 (2)

vai Je [a moment quan tinh cua dong co, Tice la moment ma sat ctia dong co, Tec 12 tai tac
dong 1én dong co.

2.2 CVT

CVT la mot bo truyén dong co thé thay doi ti s banh rang mot cach lién tuc (Continuous
variable transmission). Chuc nang CVT giéng nhu mét hop sd truyén thong, tie cho
phép thay doi hé sb truyen dong dé phl hop véi cac diéu kién tai khac nhau. Tuy nhién ti
sb banh rang ciia hop sb chi ¢ thé co vai gia tri ¢d dinh (4-5 sb), trong khi CVT c6 thé
thay dbi lién tuc tir gia tri nho nhat dén gia tri 16n nhat tay theo diéu kién hoat dong. Do
d6 co thé dé dang nhan ra mot wu diém rat 16n cia CVT so voi hop sé 1a né téi wu hoat
dong cua dong co, cho phép dong co hoat dong trong diéu kién tét nhat. Mot uu diém
nita 12 khdng c6 su gian doan khi thay do6i hé s6 truyén dong nhu hop sé.

CVT duogc str dung trong nghién ctru nay thudc loai V-belt CVT (Hinh 4), bao gdém hai
pulley. Mbi pulley gom hai dia ¢6 thé di chuyén so véi nhau, kep mot day co-roa ¢ giita.
O tdc d6 cao, hai dia cua pulley keo bi ép lai (do lyc ly tam), lam tang ban kinh hi¢u dung
cua pulley kéo nén hé sb truyen dong ting lén dé tang tbc do ngd ra. Nguoc lai, khi tai
I6m, hai dia pulley duoc kéo bi ép lai 1am giam hé sé truyén dong dé tang luc kéo. Vi vay
¢6 thé mo hinh CVT nhu mot ti s6 banh rang:
K1: f(Ne’Tc)' (3)

Ti s banh rang caa CVT la mot ham cua tée d6 dong co va tai tic dong 1én CVT. Ham
nay phu thudc vao cau tao co khi cua CVT, va thuc té rat khé tim duge mé hinh chinh
xé&c. Trong nghién ciru nay, CVT duoc md hinh mét cach ly tuong nhu mot ham tuyén

tinh cia tdc d6 dong co va tai trén CVT, voi deadzone dugc xac dinh tir thyc nghiém
(Hinh 4).
Téc d6 tai ngd ra cia CVT va tai tir CVT tac dong lén dong co dugc xac dinh boi:
N, = N,K,,
4)
TEC = TC Kl’
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v6i Ne 12 tbe @6 ngd vao CVT (tde do dong co) va T 1a tai & ngd ra CVT.
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Hinh 4: V-belt CVT va md hinh tuyén tinh
2.3 Hop so

Hop s6 duogc st dung gom ¢6 4 vj tri: Reverve dé lui xe, Neutral ding ldc bat dau né may
hoic dimg xe, Low dugc sir dung khi can luc kéo cuc manh hoidc toc do rat cham, High
dé st dung trong hoat dong binh thudong. O hoat dong binh thudng, hop s6 ludn duoc
ding & vi tri High (khéng can chuyén sang Low hay Neutral vi CVT da thuc hién rét tot
nhiém vu cia mot hop sb, kiém ludn nhiém vu caa bo ly hop).

Bo qua cac thanh phan phi tuyén, hop s6 duge mo hinh mét cach don gian bang mot ti s
rang Kz, xac dinh tir cac banh rang thyec té:

-0.1295, Rewverse
0, Neutral
Kz = )
0.1295, Low
0.2655, High.

Tbc do tai ngd ra caa hop s6 va tai tir hop sé tac dong Ién CVT duoc tinh nhu sau:

NG = NCK2 , (6)
T =TeKy+ Thice:

trong d6 To la tai tai ngd ra hop 6, Tiric.e 1a moment ma sat bén trong hop sé.
2.4 Differential

Differential la b phan truyén dong dén cac banh xe bén trai va phai trong khi cho phép
ching c6 thé quay & téc do khéc nhau (khi queo trai/phai) [Karim Nice, 2004]. Hinh 5
mo ta ciu tao cua differential. Day la mot ciu tric planetary gear (hé banh rang kiéu hé
hanh tinh). V¢ (case) cua differential dugc gan chat véi

Vg mot banh rang (ngd vao), dugc kéo bai ngd ra cua hop

Ner s6. Bén trong c6 2 sun gear (banh rang mit troi) duoc

gan v&i hai ngd ra bén trai va phai. Xung quanh 2 sun

Ndvf gear la 6 planet gear (banh rang hanh tinh), 3 cai bén
trai lién két rang véi sun gear bén trai dong thoi lién

két rang véi 3 cai bén phai, 3 planet gear bén phai lai
lien két véi sun gear bén phai (trong hinh 5 chi vé& 2
planet gear). Cau trdc nay cho phép truyén dong tir ngd
N vao (case) dén 2 ngd ra, dong thoi ciing cho phép

truyén dong tir ngd ra ndy qua ngd ra kia (Vi ti s ran
Hinh 5: Differential 1.1))/ one g Y4 g ( g
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Néu tai tac dong trén 2 ngd ra can bang nhau, 2 ngd ra s& quay ciing toc do véi vo
differential (case). Nguoc lai, khi 4p dung thang trai/phai dé queo trai/phai, tai trén 2 ngb
ra sé khép nhau lam cho toc do chung khac nhau. Viéc nay lam cac banh trugt mot
khoang d¢é queo xe (skid-steering).
Néu dat x 1a do chénh léch té,c do gitra case (Ng) va mét ngo ra, vi du bén phai (Ngr). Tur
nguyén ly cua differential, toc d6 ngd ra bén phai va bén trai cua differential dugc xac
dinh bai:

Ngr = Ny

Ny =Ny +Xx.
Vi case dugc lién két rang véi ngd ra cua hop s6, nén cé thé coi case 1a ngd ra cua hop sd
(thuc té ti s6 rang Kz cua hop s6 duoc tinh bao gom lubn ca banh rang gan vao case).
Trong truong hop nay:

Ny =Ng,

Ny = Ng
N, = Ng +X.

()

Khi 4p dung moment thang Tsr cho bén phai, va/hoic ToL cho bén trai, tong cong tai trén
ngd ra bén phai va trai cua differential sé la:
Tr =Tor + Tir:

(8)
Ty =Ta +Tos

trong do Tqr Va Tqc 12 tai tir Xich bén phai va bén trai 1én differential.

Néu Tsr 16n hon Ts , c4c banh xe sé& truot trén duong dé queo phai va nguoc lai. Viéc
nay sinh ra thém mot luong tai trén differential. Do do tong cong tai trén differential la:

Ty =T +Ty +Torns 9

trong d6 Twm la tai sinh ra do queo phdi/trai. Twm phu thudc vao do chénh léch téc do x
va diéu kién duong dang chay. CoO thé mo phong luong tai nay don gian nhu sau:

T, = KX, (10)

turn
véi hé s6 K phu thudc vao dat noi xe dang chay.

O trang thai xac lap (steady state), do chénh léch tai giira hai ngo ra cua differential s& can
bang v&i ma séat bén trong cua differential (ma sat do chuyén dong cia cac sun gear va
planet gear). Luogng ma sat nay c6 thé md hinh mot cach don gian nhu ma sat nhét
(vicous damping) do do chénh léch téc do, x, gay ra:

TsR _TsL :Tfric,case = d.X,
vé6i d 12 hé sé ma sat bén trong differential.
Do do:
X = TsR ;TSL . (11)

Chuyén dong ciia vo (case) differential ciing gay ra mot luong ma sét Trricp. DO d6 tong
cong tai Ién hop so la:
Te =Ty JrTfric,D- (12)
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2.5 Heé théng xich
Hg thdng xich diing dé truyén dong tir hai ngd ra cia differential dén céc banh xe. Bo qua
thanh phan phi tuyén, c6 thé mé hinh xich nhu mét ti s6 banh rang.

K, =0.2483, (13)

Khi d6 toc d6 banh xe phai, banh xe trai va tai tic dong 1én hai ngd ra cua differential 1an
luot la:
Nz = NgKs,
N, = Ng Ky, (14)
Ter =TurKs,
Ty =Tu Ky,
vGi Twr va Twe la tai tac dong trén cac banh xe phai va trai.
2.6 Banh-than xe
Khi cdc banh xe bén tréi va phai quay cting toc do Nw, c6 thé mo phong tat ca cac banh xe
nhu mot banh xe duy nhat. Xét mot xe khoi lugng m dang di chuyén véi van toc thang v
trén mot doan duong c6 do ddc 1a x. Céc luc tac dong vao xe theo phuong chuyen dong
bao gom (Hinh 6):
- Luc kéo Fiw,
- Lyc ma sat cua khong khi, Fuind, CO
thé bo qua vi xe chay & toc d6 thap.
- Luc ma sét (rolling resistance) cua
véo banh xe voi mat  duong,
Fo=m(c,+C,v), V&I  cr(m/s?),
cra(m/s) 1an luot 1 cac hé sb ma sat
tinh va ma sat lan, phu thudc vao voé
banh xe va mat duong.
— Thanh phén tac dong cia lyc hap dan do chay trén duong dbc, mgsin(y).

Fuwind

Hinh 6: Lwc tac djng 1én xe theo hwéng chuyén dong

Ap dung dinh luat 2 Newton cho chuyén dong thang cia xe:

F =MV +F,.,+F+mgsin(y). (15)

Tong cong moment tai tic dong 18n truc banh xe bao gdm moment can dé ting téc banh

Xe, moment ma sat cua truc banh xe va moment can dé sinh ra luc kéo Ftw.
T,=JN, +T..,+rF (16)

fric,w t,w!?

trong d6 Jw va r 1an luot 12 moment quén tinh va béan kinh cua béanh xe.
Thay (15) vao (16) vai chi y v = Ny .r va bo qua ma sat khdng khi, tong cong tai 1én banh
xe la:

T, =3, +mr2)N, +T

Khi queo phai/trai, cac banh xe bén trai va phai quay ¢ téc do khac nhau. Do dé phai mo
phong bén phai va trai tach roi nhau. Tat ca cac banh xe bén phai duoc md phong bang
mot banh duy nhat, twong tu cho banh xe bén trai. Gia su trong luong xe va luc ma sét
giita vo banh xe voi mit dudng c6 thé phan bd déu 1én banh xe bén phai va trai. Ap dung
(15), (16) va (17), tong cong tai Ién banh xe phai va tréi lan luot 1:

+mr(c,, +c,,rN,, )+mgrsin(y). (17)

fric,w
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1 . 1 1 .
Tor == I, +Mr?)N g +Tricwr = = Mr(c,, +¢,,rN,z)+=mgrsin(y),
R 2( ) R fric,wR 2 ( 1 2 R) 2 ( ) (18)
1 2\ 1 1 .
TWL = E(‘]w +mr )NWL +Tfric,wL +Emr(cr1 + CrZrNWL)+EmgrSIn(Z)'

v6i Nur vaNw 12 the d6 quay banh xe phai va trai, Trricwr V& Trricwt 1an luot 12 moment ma
sat trén truc banh xe bén phai va trai.

Cac moment ma sat cua dong co, hop s, differential va truc banh xe c6 thé md phong
nhu ma sat nhat (vicous damping) véi cac hé s6 ma sat tuong tng:

Thice = d.N,,
Thice = dsNe. (19)
Thico =dp Ny,
Thicw = d,N,-

Dua trén cac cong thuc trén, mot bo moé phong xe da duoc xay dung theo nguyén ly trén
hinh 7, trong dé toc d6 duogc truyén tir dong co qua CVT, hop sb, differential dén cac
banh xe; nguoc lai, tai tac dong 1én banh xe va cac bo phan khac duge hdi tiép vé truc
dong co dé tinh toan toc do dong co. Hinh 8 thé hién md hinh chi tiét cia cac bo phan xe
dugc thiét ké bang cong cu Simulink trong Matlab.

3 KET QUA

Két qua md phong xe dugc thé hién trén hinh trén hinh 9. Pap tng cua xe V&i ham nac
cua ga (& muc téi da) dugc biéu dién trong khoang thoi gian 5-15 gidy. Co6 thé quan sét
dap tmg (tdc d6 quay) cua dong co va hop sb trén hinh 9a, cia banh xe trén hinh 9b va tai
tac dong 18n banh xe, hop sb va dong co trén hinh 9c. Quy dao xe duoc V& trén hinh 9c.
Pong co dap ung véi ham nic vai thoi gian tré khoang 0.3 gidy, thoi gian xac lap khoang
1.9 gidy; trong khi cac thong sé tuong tng caa hop sé va banh xe khoang 0.6 va 3 gidy.
C6 thé quan sat dap ung cia xe khi queo phai voi ham nic thang phai (50% muc thang tdi
da) trong khoang thoi gian 15-20 gidy. Khi queo, banh xe dap tng hau nhu tac thi voi
ngd vao thang, vai thoi gian xac lap khoang 3.5 gidy. Twong tu, xe dap ung khi queo trai
trong khoang thoi gian 25-30 gidy. CO thé quan sat xe khi giam toc véi cuing mot ham
nic cho ca hai thing trong khoang 20-25 giay.

Trén hinh 10 1a két qua mo phong khi diéu khién xe theo mot quy dao ¢ dang biéu tuong
ctua Pai hoc Can Tho (CTU). Ngd vao ga duoc dit & muc tdi da, cac ngd vao thing va
dap ung cua banh xe duoc V& trén hinh 10b. Trong mé phong nay, cd thé quan sat dap
ung cua xe khi queo ¢ cac muc do (ban kinh) khac nhau (hard turning / smooth turning).
Co thé thay rd lgi diém cua CVT so voi hop so truyén thdng trong cac mé phong trén.
CVT di hoat dong nhu mot bo didu hoa tai, giit cho tai trén dong co rét it thay doi, mac
du tai & ngd ra (trén banh xe va hop s6) dao dong rat Ién. Do d6 di on dinh téc d6 dong
co, gilp dong co hoat dong & diéu kién t6t nhat (khdng qué tai).

Differential Banh xe

Ne Ne g Ne g Nar Nur

Ga - " " NaL | Nwi

K1 K2 d K3 o
o - Tar TwrR
‘Tec - Tc _Tc [ TaL _TwL

Dong co CcVvT Hop sb Xich
Tor | ToL x

Hinh 7: So' @ khéi bd mo phéng xe
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Hinh 10: Két qua md phéng dap tng caa xe khi chay theo mét quy dao

4 KET LUAN

Tat ca cac bo phan cia mot xe hoat dong duoc moi dia hinh tir dong co, CVT, hop sb,
do, mot bo
md phong xe dd duoc xay dung trén cong cu Simulink cia Matlab. Céc két qua mo
phong cho thiy cd thé dung mé hinh nay dé tim hiéu dap ung cua céc bo phan trong xe
thang phai
tréi, md hinh c6 thé udc lwong duogc tée do cua banh trai va phai. Tur d6 c6 thé dy doan
c6 thé udc

difererential dén xich va céc banh xe di dugc phan tich va mé hinh . Dya vao

khi chay & céc diéu kién khac nhau. Tir cac tin hiéu ngd vao nhu ga va hai

dugc quy dao chuyén dong caa xe. Néu tir ddy xay dung md hinh nguoc lai,

lwong duoc cac thdng s6 ngd vao dé diéu khién xe chay theo mot quy dao mong muén.

Bo mo phong xe ndy c6 thé diing dé tro gilip thiét ké cac bo diéu khién cho céc ngd vao
ga va hai thang d¢ tu dong xe moi dia hinh. C6 thé thur nghiém cac bo diéu khién khac



Tap chi Nghién citu Khoa hoc 2005:3 86-95 Truong Pai hoc Can Tho

nhau trén md hinh nay dé giam thoi gian thiét ké ciing nhu tranh cac rui ro cé thé co trén
mo hinh that. Ngoai ra, day ciing la mot mé hinh rat tot dé giang day va nghién ctru cac
loai xe.
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CAMTA

Pé tai nay nam trong chwong trinh nghién ctru dugc tai trg boi chinh phu Viét Nam, trong
dé &n "Pao tao can bd khoa hoc, ky thuat tai cac co sé nudc ngoai béng ngan sach Nha
nudc”. TAc gia xin trén trong cd&m on ban l&nh dao Khoa Céng Nghé Théng Tin va
Truong Pai hoc Can Tho da tao diéu kién tot dé dé tai duoc thuc hién.

THAM KHAO

Crossley P.R. and J.A. Cook, “A nonlinear model for drivetrain system development,” Proc. IEE
International Conference 'Control 91', Conference Publication 332, vol. 2, pp. 921-925. Edinburgh,
U.K, 1991

Karim Nice "How differential works", http://auto.howstuffworks.com/differential.htm, truy cap
07/2004

Ontario Drive & Gear Limited, OPERATOR’S MANUAL, http://odg.orc.ca/manuals.php, truy céap
06/2004

Tran Thanh Hung , Q.P. Ha, R. Grover, and S. Scheding, “Modelling of an autonomous amphibious
vehicle”, Australian Conference on Robotics and Automation, 2004

Kiencke U. and L. Nielsen, AUTOMOTIVE CONTROL SYSTEM, ISBN 3-540-66922-1, Springer,
2000.

Zanasi R., A. Viscontit, G. Sandoni, and R. Morselli, "Dynamic modeling and control of a car
transmission system"”, IEEE/ASME International Conference on Advanced Intelligent
Mechatronics. Proceedings, 2001.


http://auto.howstuffworks.com/differential.htm
http://odg.orc.ca/manuals.php

