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(57) Sang ché d& cap dén phuong phap va may didu khién chuyén dong bén cua
xe tu 14i, va xe tu l4i. Phuong phap diéu khién chuyén dong bén cua xe tu 14i bao
gdm cac budc: thiét dat cac thong sb diéu khién ctia bo diéu khién tuyén tinh bac
hai (S102); thu nhan cac thong sb téng thé ciia xe (S104); thu nhan d6 khuéch
dai thong sé diéu khién (S106) theo céc thong sd didu khién va cac thong sb tong
thé cua xe; thu nhan d6 khuéch dai thong sb diéu khién theo thoi gian thuc (S108)
theo do khuéch dai thong sb didu khién; thu nhan luong phan hdi 18i trang thai,
do cong quy dao, va goc nghiéng ciia xe (S110); thu nhan lugng didu khién va
lugng bu (S112) theo d6 khuéch dai thong sé didu khién theo thoi gian thuc,
lrgng phan hoi 13 trang thai, do cong qu§ dao, va goc nghiéng cla xe; va thu
nhén géc vo lang duoc ky vong, va dua ra goc vo lang duoc ky vong téi hé théng
1ai bang day (S114) theo luong diéu khién va lugng bu. Sang ché c6 thé dat dugc
viée diéu khién tbi wu cua chuyén dong bén cua xe tu 141 ma khong co 16i tinh,
lam giam déng ké lugng tinh toan, va dam bao tinh hoi tu ctia d6 khuéch dai diéu
khién tdi wu, dat duoc viéc theo ddi c6 do chinh xac cao va dd tin cdy cao cua

quy dao lai xe dugc ky vong.
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Linh vuc k§y thuat dugc dé cap
Sang ché dé& cap dén linh vuc k§ thuat cia cac xe tu l4i, cu thé 1a, dén

phuong phép va may diéu khién chuyén dong bén cla xe tu l4i, va xe tyu lai.

Tinh trang ky thut ciia sing ché

Phuong phép diéu khién chuyén dong bén clia xe tu 14i tinh toan 1énh l4i
mong mudn trong thdi gian thuc theo quy dao dy kién va thong tin dinh vi xe cua
16p trén, va diéu khién xe 1ai xe doc quy dao dich. Hién nay, do khuéch dai thong
s diéu khién tdi wu thuong duge thu nhan bang cach giai quyét truc tuyén
phuong trinh Riccati, vén yéu cau lugng tinh toan 16n va yéu cdu nhiéu tai

nguyén tinh todn hon.

Ban chit ky thuit ciia siang ché

S4ng ché nham giai quyét hodc cai thién it nhét mot trong sb cac vin dé ky
thuat néu trén.

Do d6, muc dich thtr nhit cua sang ché 1a dé xuét phuong phap diéu khién
chuyén dong bén ctia xe tu l4i.

Muc dich tht hai cta sang ché 1a dé& xuit may diéu khién chuyén dong bén
cua xe tu 1ai.

Muc dich thi ba cta sang ché 1a dé xuét xe tu 14i.

Pé dat dugc muc dich thir nhit ciia sdng ché, cac phuwong 4n cua sing ché
dé xuét phuwong phap didu khién chuyén dong bén cia xe ty 14i, bao gdm céc
buée: thiét dit cac thong s6 didu khién cua bo diéu khién tuyén tinh bac hai; thu
nhan cac thong sb téng thé cta xe; thu nhan do khuéch dai thong sd diéu khién,
theo céc thong sé didu khién va cdc thong sb tong thé cuia xe; thu nhan do khuéch

dai thong sb didu khién theo thoi gian thuc, theo do khuéch dai thong sé diéu

=
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khién; thu nhan lugng phan hoi 13i trang thai, do cong quy dao, va goc nghiéng
cta xe; thu nhan luong diéu khién va luong bu, theo d6 khuéch dai thong sé diéu
khién theo thoi gian thuc, lvgng phan hoi 161 trang thai, dd cong quy dao, va goc
nghiéng cua xe; va thu nhén géc vo lang dugce ky vong, theo lugng diéu khién va
lugng bu, va dua ra goc vo lang duoc ky vong téi he théng 14i bang day.

Phuong 4n nay co thé thyc hién viéc diéu khién t6i wu cua chuyén dong bén
cua xe tu 1ai ma khong c6 13i tinh, lam gidm déang ké lwong tinh toan, dam bao
tinh hoi tu clia dd khuéch dai didu khién téi wu, va xét dén anh hudng cua do
cong duong, dd nghiéng dudong va do bat dinh cua cac thong sb tong thé cua xe,
dé dat dugc viéc theo doi c6 dd tin cdy cao va do chinh xac cao cia quy dao 1ai
mong mudn.

Ngoai ra, cac phuong an dugc dua ra béi cac phuong dn néu trén cua sang
ché ciing c6 thé c6 cac dau hiéu k¥ thuat bd sung sau.déy.

Theo phuong an néu trén, budc thiét dat cac thong sé didu khién cta bd
diéu khién tuyén tinh bac hai bao gdm: cac thong sb diéu khién bao gdbm ma tran
trong s thtr nhat Q va ma tran trong sb thtr hai R, Q=diag[q1, q2, q3, q4], R=[r],
trong do, q1, q2, q3, q4 var lan luot 1a ndm thong sb diéu khién, q2, q4 va r dugce

thiét dat toi céc tri s6 ¢b dinh, va qi, g3 duoc thu nhén theo cong thirc sau day:

qlmax Vx< V;
q min - 4q max
q, = Q1max+1—l/ﬁ—<n'l/1)’/13n§@

qlmin Vx> VZ
q3max Vx<Vl

4y = | Gy + DV V) V<V, S,
27"
43 min V.=v,

Trong d0, qimax 12 tri s6 16n nhét ctia q1, qimin 12 tri s6 nho nhit cua q1, q3max
1a tri s 16n nhét cua q3, q3min 12 tri s& nho nhét cua q3, Vx 1a tdc do doc cua xe,
V1 1a ngudng téc do tht nhét, va V, 12 ngudng tdc do thi hai.

Theo phuong an nay, thiét dat q2, 4, va r toi cac tri s ¢b dinh, q1, q3 thuc

hién viéc diéu chinh tuyén tinh cua cac thong so6 theo toc do doc cia xe Vi, nghia
2
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la, ma tran trong sb cua cac thong sb diéu khién cua bd diéu khién tuyén tinh bac
hai thure hién phwong phap didu chinh tuyén tinh téc d9, didu nay ¢6 thé lam giam
dang ké luong tinh toan.

Theo phuong an bat ky trong sb cac phuong an néu trén, bude thu nhan do
khuéch dai thong sb diéu khién, theo cic thong s6 diéu khién va cac thong sb
tdng thé cta xe bao gbdm: do khuéch dai thong s diéu khi_én dugc thu nhén theo

cong thie sau day:

0 1 0 0 |
B 20, + 2C, 2C, + 2C, B 20,1, — 2C, 1,
mV, m mV,
4=10 0 0 |
L2 1, —20,0, 20, 20,0, 20,1 + 20,1,
k [ZVX ]Z ]ZVX a
") 1
2,
_ m
5= 0
2C, 1,
L ]Z -
ky, = [k14<1)’ k14(2)’ k14(3)’ k14(4)]
ky, = 1gr(4, B, @, k)
](1 = k14(1)
kz = k14(2>
/"3 = k14<3)
k4 = k14(4)

Trong d6, m 1a khéi lugng xe, I, 1a quan tinh quay ctia xe xung quanh huéng
thang ding, 1 1a khoang cdch tir truc trude clia xe téi tdm ty cu, Ir 12 khoang cach
tlr truc sau ctia xe t¢i tim ty cu, Crla do cing khi vao cua cta banh trude, va C;

1a do cung khi vao cua cua banh sau, Vi 1a toc do doc clia xe, ki4 1a ma trén hoi

tu d6 khuéch dai didu khién, K10, Ko Kuo va %@ 13n lugt 12 bén thanh
phén trong ma tran hdi tu do khuéch dai diéu khién, ki, ko, k3, va ks lan luot 1a
bén do khuéeh dai thong sé didu khién.

Céc thong sb tong thé cta xe bao gdm khdi lugng xe va/hodc quan tinh quay

3
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clia xe xung quanh hudéng thang dirmg va/hodc khodng céach tur truc trude cua xe
t6i tAm ty cu va/hodc khoang céach tir truc sau cua xe téi tdm ty cu va/hodc do
cing khi vao cua ciia cac banh trude va/hodc do cing khi vao cua cta cac banh
sau. Theo cac thong sb téng thé cua xe va mod hinh ddi tuong dugce diéu khién,
d6 khuéch dai thong sé diéu khién téi wu ki, ko, k3, va ks duge tinh toan ngoai
tuyén qua ham MATLAB Iqr, diéu nay lam giam dang ké luong tinh todn so véi
giai phap tryc tuyén ctia do khuéch dai thong sb diéu khién.

Theo phuwong 4n bét ky trong s6 cdc phuong 4n néu trén, buge thu nhan do
khuéch dai thong sb diéu khién theo thoi gian thuc, theo do khuéch dai thong b
didu khién, bao gbdm: iy téc do lam bién doc lap, va thuc hién viéc khép da thic
ctia do khuéch dai thong sé didu khién dé thu nhan da thirc thi nhat; va thu nhan
d6 khuéch dai thong sé didu khién theo thdi gian thuc, theo da thirc th nhit va
tdc d6 doc cua xe theo thoi gian thuec.

Dua vao d6 khuéch dai thong sé diéu khién dwgc thu nhan ngoai tuyén,
phuong phap tinh todn cua viéc khép da thirc duge sir dung dé thu nhan do khuéch
dai thong sb diéu khién theo thoi gian thuc, va lugng tinh todn dugc tdi wru hoa.

Theo phuong an bat ky trong sb cac phuong an néu trén, budc thu nhan do
khuéch dai thong sé diéu khién theo thoi gian thuc, theo dd khuéch dai thong sb
didu khién, bao gdm: 14y téc d6 lam bién doc 1ap, va thuc hién viéc khép da thirc
bac ba ctia d6 khuéch dai thong sé diu khién, va da thirc thir nhat duge thu nhan
la:

_ 3 2
= a,V" + ayv. + a v + ay

—_

_ 3 2
= 8,V + ayuV + auV + ay

_ 3 2
= A,V + aypV + aV + ag

o

L= ayV +aurt +ay + a,

Trong do, as1, az1, a1, va ao1 la cc hé sb da thirc bac ba cua cac thong s6 diéu
khién K1, a3, a2, a12, va ag 1 cac hé sb da thue bac ba cia cac thong sb didu khién
ko, a33, a23, a13, va ap3 la cac hé sb da thirc bac ba cua céac thong s6 diéu khién ks, azs,

a4, a14, va ao4 1a cac hé s6 da thirc bac ba cta cac thong so diéu khién ky, v 1a toc do;
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thu nhan do khuéch dai thong sb diéu khién theo thoi gian thuc K, theo da thire thir
nhét va tdc do doc clia xe theo thoi gian thyc:
ki = C731[/)(3 + 5’21Vx2 + ayl, + ay

, 3 2
Ky = apl, +ayl, + aul, + ay

S
I

3 2
agV, + ayl, + ayl, + ag

ki, = aMVX3 + a24V;2 + a,V. + ay,

K =k, k), k3, k;]

Trong do, Vx 1a tdc do doc cua xe.

Theo phuong an nay, viéc khdp da thirc bac ba dugc thyc hién, va do khuéch
dai thong sb didu khién t6i wvu dugc tinh toan trong thoi gian thuc theo tdc do
thue t& dwgc phan hdi boi xe, didu nay khong nhitng lam giam luong tinh toan
ctia do khuéch dai thong sb diéu khién tdi wu, ma con didm bao tinh hoi tu va d
tin cdy cua do khuéch dai thong s6 diéu khién tbi wu.

Theo phwong 4n bét ky trong sb cac phuong an néu trén, bude thu nhan
lurong phan hoi 16i trang thai bao gom:

thu nhan lugng phan hoi 13i trang thai theo cong thirc sau day:

6’}, = (_V - -Vdes) COsS (l//des) - (X - Xdes) Sin Qz”a’es)

éy :Vy —Vx(l//_l//des)

ey/:l//—l//a’es
e, =o-\Vp
ey
e
X=|"
€,
é

Trong d6, % 1a do 1&ch vi tri bén, % 1a ty 1é thay ddi ciia do 1&ch vi tri

bén, % 1a do lach gbc ddo 14i, v 1a ty 16 thay dbi cua do léch goc dao 1i, X

l1a lugng phan hoi 181 trang thai, Vy 1a tde do doc ciia xe, Vy 1a tc do bén cua xe,
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(X, ¥) 1a vi tri xe & thoi diém hién tai, oo Yaes) 13 vi trf qu§ dao mong mudn,
Y 1a goc dao 14i cta xe & thoi diém hién tai, Yes 1a géc ddo l4i cua quy dao
mong mubn, ® biu din van tbc goc xoay clia xe thong, va p biéu dién do cong
diém dich mong mubn.

Bing cach cap nhat 13i trang thai va phan hdi né téi do khuéch dai diéu
khién, hiéu qua didu khién bén chinh x4c hon.

Theo phuong an bat ky trong sb cac phuong an néu trén, bude thu nhén
luong didu khién va lugng bu, theo do khuéch dai thong sb didu khién, do khuéch
dai thong s diéu khién theo thoi gian thuc, 16i trang thai, dd cong quy dao, va
goc nghiéng cla xe, bao gbm:

thu nhan lrong didu khién phan hdi, theo do khuéch dai thong sé diéu khién
theo thoi gian thyc va lugng phan hoi 161 trang thai la:

o,, ,=—KX

sw b
trong do, K 1a do khuéch dai thong s diéu khién theo thoi gian thue, X 1a
lwong phan hoi 18i trang thai;

thu nhén luong diéu khién tich phan 15i vi tri, theo tich phan 16i vi tri l1a:

SW

8, ; =0, kel

trong do, k13 hé s tich phan,  1a do 1éch vi tri bén, T 1a khoang thoi

)

gian didu khién, Osw i 1a tri s6 khoang thoi gian diéu khién cia nhip trude d6

P
cia "1,

thu nhan lrong bu tiép thuan d6 cong dudng, theo do cong quy dao la:

2
§SH=mVX[J,_Jf+Jf is b 3
- T R.L 2, 20, 2, R, R

des des

/

r /

trong d6, m la khoi lugng xe, Vxla tdc do doc cua xe, Ir1a khoang cach tir
truc trudc cla xe t6i tAm ty cu, 114 khoang cach tir truc sau cua xe téi tam ty cu,
Crla do ctng khi vao cua cla banh truée, Cr 1a do cing khi vao cua cua banh
sau, Raes 14 ban kinh quy dao, L 1a téng cua lgvalr;
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thu nhan lugng bu tiép thuan do dbc duong, theo goc nghiéng cia xe 1a:

s A(4,3) - B(1, 9)k3 sin(y)
T T A(2,3)B(1,4) - A(1,4)B(1,2) § !

trong do, AGL D) 13 thong sb twong (rng vo6i hang tha i va cot thir j cia ma
trdn A, B, J) 1a thong sb twong trmg v6i hang tha i va cot thir j cia ma trén B,
g la gia tdc trong luc, 7 1a géc nghiéng cua xe.

Céc phuong phap thu nhén cu thé cua lwong diéu khién phan hdi, luong
didu khién tich phan 18i vi tri, lugng bu tiép thuan do cong dudng, luong bu tiép
thuan do déc duong duogc dua ra bdi cdc cong thirc néu trén. Theo phuong an
nay, do cong dudng dugc dua ra béi quy dao mong mudn dugce s dung dé thuc
hién viéc bu tiép thuan cho dd cong duong, thong tin dinh vi dugc st dung dé
thuc hién viéc bu tiép thuan cho d nghiéng duong, va s6 hang tich phan dd léch
huéng vi tri duge dua vao dé lam giam 181 vi tri. Va xét dén mot cach toan dién
anh huong do bit dinh ctia d6 cong duong, dd nghiéng duong va céc thong sb
téng thé cua xe dé dat dugc viéc theo doi c6 do tin cdy cao va do chinh xac cao
cta qu§ dao 1ai mong mudn.

Theo phuong an bat ky trong s6 cac phuong an néu trén, bude thu nhan goc
vo lang dugc ky vong, theo luong diéu khién va lugng bu, va dua ra goc vo lang
duoc ky vong t6i hé thong 14i bang ddy, bao gom:

thu nhan goc vo lang dugc ky vong, theo cong thirc sau day:

8, =(0,, , +0,, ,+6,, .6, )i

N

Trong d6, %+ ¢ 1a luong didu khién phan hdi, %» ¢ 1a luong didu khién

tich phan 16i vi tri, Ow_c 1a lugng bu tiép thuan do cong duong, O r 13 lugng
bu tiép thuan do déc duong, 11a ty 1¢ vo lang

Theo céc két qua tinh todn cua lugng diéu khién phan hbi, lugng diéu khién
tiép thuan do cong dudmg, lrgng bu tiép thuan do dc dudng, va lugng diéu khién

tich phan vi tri, cac két qua tinh toan dugc cong lai, va sau d6 dugc nhan véi ty

7137
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1é vo lang dé thu nhan goc vd ling duge ky vong cudi cung, ma duge dua ra téi
hé thdng 14i bang ddy, dé dat dugc viéc theo ddi duong, dé dam bao rang 16i trang
thai 6n dinh c6 thé dugc loai bé hoan toan khi cac thong sb tdng thé cua xe 12 bat
dinh.

DPé dat dugc muc dich thir hai ctia sdng ché, cac phuong 4n ciia sang ché dé
xuét may diéu khién chuyén dong bén cua xe tu 14i, bao gbdbm: mddun thiét 1ap;
mddun thu nhan th& nhit; médun thu nhan thr hai; modun thu nhén thir ba;
médun thu nhan tht tu; modun thu nhan thé ndm; va modun thu nhén thr sau,
trong d6, cac thong sb didu khién ctia bo didu khién tuyén tinh bac hai dugc thiét
dat béi modun thiét 1ap, mddun thu nhan thu nhat thu nhan cac thong sb téng thé
cua xe, modun thu nhan thr hai thu nhan do khuéch dai thong sb diéu khién theo
cac thong sb didu khién va cac thong sb tong thé cua xe, mddun thu nhén thir hai
thu nhan do khuéch dai thong s diéu khién theo cac thong sb diéu khién va céc
thong ) téng thé ctia xe, mddun thu nhan tht ba thu nhan do khuéch dai thong
s& didu khién theo thoi gian thyc theo do khuéch dai thong s6 diéu khién, mddun
thu nhén th{ tu thu nhan 16i trang thai, do cong quy dao va goc nghiéng cia xe,
modun thu nhan tht nim thu nhan lugng didu khién va lugng bu theo do khuéch
dai thong sb didu khién, do khuéch dai thong sb diéu khién theo thoi gian thue,
16i trang thdi, do cong quy dao va goc nghiéng clia xe, modun thu nhén thir sau
thu nhan géc vo lang dugce ky vong theo lugng diéu khién va luong bu, va dua
ra goc vo lang duoc ky vong té1 hé théng 14i bang day.

Phuong 4n nay co thé thyc hién viéc didu khién tdi rru cla chuyén dong bén
ctia xe tu 14i ma khong c6 16i tinh, lam giam déng ké luong tinh toan, dam béo
tinh hoi tu cua do khuéch dai didu khién ti wu, va xét dén anh hudng cua do
cong duong, do nghiéng duong va do bét dinh cua cac thong sb téng thé cia xe,
dé dat dugc viéc theo ddi c6 do tin cdy cao va do chinh xdc cao cua quy dao lai
mong mudn.

Pé dat dugc muc dich thi ba ctia sang ché, phuong 4n cta sang ché dé xuit

xe tu l4i, bao gdm: than xe va thiét bi didu khién; trong d6, thiét bi diéu khién
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diéu khién viéc chay ctia than xe nho st dung phuong phéap diéu khién chuyén
dong bén cia xe ty lai nhu dugc mo ta theo bat ky mot trong s6 cac phuong 4n
clia sang ché.

Xe tu l4i duge dé xuét boi cac phuong 4n cia sang ché thyc hién cdc budc
cua phuong phéap diéu khién chuyén dong bén ctia xe tu 1ai nhu theo phuong 4n
bt ky ctia sang ché. Do d6, né co tit ca céc hidu qua c6 lgi ciia phuong phap
diéu khién chuyén dong bén clia xe tu 1ai nhu theo phuong 4n bt ky cila sang
ché, ma s& khong dugce lip lai o day.

Céc khia canh va cac vu diém bd sung cua sang ché sé& tré nén rd rang trong

phan mo ta sau ddy hodc s& dugc nhan biét bai thuc t& cua sang ché.

Mo ta viin tit cac hinh vé

Céc khia canh va cac vu diém b sung clia sdng ché s& tré nén rd rang trong
phan mo ta sau ddy hodc s& dugc nhan biét boi thyuc té cia sang ché.

Fig.1 1a hinh v& gian luoc vé su diéu khién chuyén dong bén cia xe tu 14i
theo 1inh vuc k¥ thuat lién quan;

Fig.2 1a lvu dd cua phuong phap diéu khién chuyén dong bén ctia xe tu 1ai
theo phuong an cia sang ché;

Fig.3 1a lvu d6 phuong phéap thu nhan do khuéch dai théng sé diéu khién
theo thoi gian thue theo phuwong an cila sang ché;

Fig.4 1a luu d6 phuong phép thu nhan lugng diéu khién va lugng bu theo
phuong 4n cua sang ché;

Fig.5 1a so @6 khdi cu trac clia mdy diéu khién chuyén dong bén ciia xe tu
14i theo phuong an cua sang ché;

Fig.6 12 so dd khdi cu truc cia xe tu l4i theo phuong 4n cia sang ché;

Fig.7 14 hinh v& gian lugc vé su diéu khién chuyén dong bén cia xe ty 1ai
theo phuong 4n cu thé cla sang ché; va

Fig.8 1a luu d6 ciia phuong phap diéu khién chuyén dong bén clia xe ty lai

theo phuong 4n cu thé ctia sang ché.
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Mbi quan hé tuong ting giita cdc ky hiéu tham chiéu va cac tén bd phan trén
Fig.1 dén Fig.8 nhu sau:

100: méy didu khién chuyén dong bén ciia xe tu 1ai, 110: modun thiét lap,
120: mo6dun thu nhéan tht nhét, 130: mddun thu nhan thtr hai, 140: modun thu
nhan thir ba, 150: modun thu nhén tha tu, 160: moédun thu nhén tht ndm, 170:

moOdun thu nhan tha sau, 200: xe tu lai, 210: than xe, 220: thiét bi diéu khién.

Mo ta chi tiét sang ché

Dé cac muc dich, cac ddu hidu va cac uu diém néu trén cua sang ché c6 thé duoc
hiéu rd rang hon, phin mé ta chi tiét thém cla sang ché s& duoc dua ra dudi day c6
dua vao céac hinh vé& va cac phuong an kém theo cu thé. Cén luu y riang cac phuong
4n cua sang ché va cac du hiédu theo cac phuong dn c6 thé duge két hop v6i nhau

néu khong c6 xung dot.

Trong phan mo ta sau day, nhiéu chi tiét cy thé dugce dua ra dé cung cap su hiéu
biét thau ddo vé sang ché. Tuy nhién, sang ché cling c6 thé dugc thyc hién theo céc
cach thirc khac ngoai céac cach thirc duge mé ta & day. Do do6, pham vi bao hd cua

sang ché khong gi6i han & cac phuong 4n cu thé duogc boc 16 dudi day.

Phuong phdp va may diéu khién chuyén dong bén cua xe tu lai cia mot sd

phuong an cla sang ché dugc mo ta du6i day dya vao Fig.1 dén Fig.8.

Phuong phép diéu khién chuyén dong bén clia xe ty 14i tinh toan 1énh 14i mong
mudn trong thoi gian thyc theo quy dao du kién va thong tin dinh vi xe cta 16p trén,
va diéu khién xe 1ai xe doc quy dao dich. Hién nay, phuong phap diéu khién t6i uu
tuyén tinh bac hai (linear quadratic optimal control, viét tit 1a LQR) duoc st dung
rong rai dé diu khién chuyén dong bén cua xe tu 14i. Nhu duoc thé hién trén Fig.1,

chtl yéu ¢ céc van dé sau day:

(1) B6 khuéch dai diéu khién t6i wu thuong duge thu nhan bang cach giai quyét
truc tuyén phuong trinh Riccati, ma yéu cAu nhiéu tai nguyén tinh todn hon va khong
dam bao & mirc can thiét tinh hoi tu cua d6 khuéch dai diéu khién.

(2) Hién nay, hdu hét cac hé théng didu khién chuyén dong bén cia xe tu l4i
10
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thyuc hién viéc dua vao luong bu tiép thuan do cong duong dé 1am giam 13i trang thai
4n dinh, va khong xét dén 13i trang thai 6n dinh bén dugc giy ra boi dd nghiéng

duong, diéu nay 1am gidm chat luong cia hé thong dieu khién bén cua xe.

(3) C6 db bét dinh nhét dinh trong céc thong sb tong thé cia xe, va khong thé
dam bao duogc viéc loai bo hoan toan 16i trang théi 4n dinh cta qué trinh diéu khién

bén cua xe.

Ky thuat lién quan 1a phuong phép didu khién LQP chuyén dong bén thich timg
v6i thong s6 cho cac xe ty dong. Chién luoc didu chinh cac thong sb diéu khién LQR
dua vao 13i theo doi dudng va moi quan hé vi tri duong-xe xac dinh cac thong s6 bd
diéu khién 6 trang thai hién tai. Theo céc thong s6 bd didu khién duoc x4c dinh, lugng
diéu khién 14i ctia xe ty dong duoc tinh toan, va n6 dugc chuyén t6i co céu chap hanh

14i cho viéc thyc thi, ma khac véi phuong an nay & chd:

(1) Céc chién lugc didu chinh thong s6 13 khac nhau. Cong nghé lién quan nay
st dung chién luge didu chinh thong s6 cua 13i theo doi duong va mdi quan hé vi tri

dudng-xe, va phuong én ndy st dung chién lugc diéu chinh thong s6 toc do.

(2) Quy trinh tinh toan cta do khuéch dai diéu khién t6i vu 1a khéc nhau. Cong
nghé lién quan nay giai quyét truc tuyén phuong trinh Riccati dé thu nhan d6 khuéch
dai diéu khién téi uvu. Theo phuwong 4n nay, do khuéch dai diéu khién téi uu duge tinh
toan ngoai tuyén, va sau d6 viéc khép da thuc dugce sir dung dé diéu khién do khuéch
dai va cap nhat n6 trong thoi gian thuc.

(3) Goc vo ling 1a khac nhau. Cong nghé lién quan nay chi xét dén luong diéu
khién phan hoi 16i trang thai. Trén co s& cia lugng didu khién phan hoi 16i trang thi,
phuong 4n nay cling x¢t dén luong didu khién tiép thuan do cong duong, lugng bu
tiép thuan do dbe duong, va luong diéu khién tich phan 161 vi tri.

Tém lai, muc dich cua phuong an nay la dé giai quyét it nhit mot trong sb cac
vén dé sau day:

(1) Giai quyét true tuyén phuong trinh Riccati dé thu nhan do khuéch dai diéu

khién toi wu, von yéu cau lugng tinh toan 16n.

11
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(2) Ldi trang thai 6n dinh bén dugc gy ra béi d nghiéng duong khong duoc

xét dén.
Phuong én 1

Nhu duge thé hién trén Fig.2, phuong an nay dé xuét phuong phap diéu khién

chuyén dong bén cta xe tu lai, bao gom:

Bude S102, thiét dit cac thong sb didu khién ctia bo diéu khién tuyén tinh bac

hai;
Bude $104, thu nhan cac théng sb tong thé cia xe;

Bu6c S106, thu nhan dd khuéch dai thong sb didu khién, theo céc thong sé diéu

khién va cac thong so tong the cua xe;

Bude S$108, thu nhan d khuéch dai thong sb didu khién theo thoi gian thyc,
theo do khuéch dai thong sé didu khién;

Bude S110, thu nhan luong phan hoi 16i trang théi, do cong quy dao, va goc

nghiéng cua xe;

Budc S112, thu nhéan luong diéu khién va luong bu, theo do khuéch dai thong
s6 diéu khién theo thoi gian thuc, lwong phan hoi 18 trang thai, do cong quy dao, va

goc nghiéng cua xe; va

Budc S114, thu nhan goc vo lang dugce ky vong, theo luong diéu khién va lugng

bu, va dua ra goc vo lang dugce ky vong t6i hé théng 14i bang day.

Phuong 4n nay c6 thé thuc hién viéc didu khién t6i vu ctia chuyén dong bén clia
xe tu 14i ma khong c6 15i tinh, 1am giam déng ké lwong tinh todn, ddm béo tinh hoi tu
ctia d0 khuéch dai didu khién tbi wu, va xét dén anh hudng ctia do cong duong, do
nghiéng duong va do bét dinh ctia cac thong s téng thé ctia xe, dé dat dugc viéc theo

ddi c6 dd tin cay cao va dd chinh xac cao clia quy dao lai mong muon.
Phuong an 2

Ngoai cdc dau hiéu k¥ thuét cua cac phuong an néu trén, phuong an nay con

bao gbm céc ddu hidu k¥ thuat sau day.
12
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Theo phuong an néu trén, budc thiét dat cac thong sd didu khién cta bo diéu
khién tuyén tinh bac hai bao gdm: céc thong sb diéu khién bao gdm ma tran trong sd
thir nhAt Q va ma tran trong s6 thir hai R, Q=diag[q1, q2, q3, q4], R=[r], trong d6, qu,
q2, g3, q4 var 1an lugt 14 nam thong s6 diéu khién, qQ2, q4 var dugc thiét dat t6i cac tri

s6 ¢b dinh, va qi, q3 dugc thu nhan theo cong thirc sau day:

ql max VX< Vi
ql = qlmax + QImin - q“ﬂax (VX - Vi) Vl < VX < VZ
V=N
ql min Vx> Vé
qS max VX< Vl

@y =y + Y ) K S S,
2 1

Z

qS min Vx> Vé

Trong d6, qimax 12 tri sO 16n nhat cua qi, qimin 12 tri O nho nhat clia qi, q3max 12
tri s6 16n nhat cla 3, qamin 1 tri s6 nhd nhét cta qs, Vx la toc do doc cua xe, Vi 1a

ngudng toc do thir nhét, va Va 12 ngudng téc do thir hai.

Theo phuong an nay, thiét dat 2, 4, va r to1 céc tri s6 ¢b dinh, chi dbi voi q1,
q3, thuc hién viéc diéu chinh tuyén tinh cua cac thong s6 theo tbc do doc cua xe Vy,
nghia 1a, ma tran trong s6 cua cac thong sb didu khién cia bo diéu khién tuyén tinh
bac hai thuc hién phuong phap diéu chinh tuyén tinh téc d9, diéu nay c6 thé lam giam

lugng tinh toan.
Phuong 4n 3

Ngoai cac dau hiéu kg thuat cta cac phuong an néu trén, phuong an nay con

bao gdm céc ddu hidu k¥ thuat sau day.

Budce thu nhan dd khuéch dai thong so6 diéu khién, theo cic thong so di€u khién
va cac thong so6 tong thé ctia xe bao gdm: do khuéch dai thong so dieu khién dugce thu

nhén theo cong thirc sau day:

i3
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0 1 0 0
0 B 2C, + 2C, 2C, + 2C, B 20,1, —2C 1,
4 mV, m mV,
10 0 0 1
B 2C.1, — 2.1, 20,1, — 2C,1, B ZCf]f2 + ZCI]rZ
L ]ZVX [z ]ZI/:\’ B
o
2C,
_ m
F=1 0
2C, 1,
- [Z -
k14 = [k14<1)’ k14<2)’ k14<3>’ k14(4>]
k, = lgr(4, B,@, k)
k1 = k14<1)
/fz = Ky
ka = k14<3)
”f4 = l‘14(4)

Trong d6, m 1a khdi lwgng xe, I, 1a quén tinh quay cia xe xung quanh huéng
thang dung, lr1a khodng céach tlr truc trude cia xe toi tim ty cu, I 1a khoang céch tir
truc sau cla xe t6i tim ty cu, Cr1a do cimg khi vao cua ctia banh trude, va Cr 1a do

ctrng khi vao cua ctia banh sau, Vx la toc do doc cua xe, kis4 1a ma trén hoi tu do khuéech

dai didu khidn, K10, Kue | Kuo ya Kuw 13n luet 1a bén thanh phdn trong ma
trén hoi tu do khuéch dai didu khién, ki, ko, ks, va k4 1an luot 1a bon do khuéch dai
thong s6 diu khién. ki4 1a ma tran hoi tu do khuéch dai diéu khién t6i uu duge tinh
todn boi MATLAB, va ki, ka, ks, va ke 14n luot 12 bon do khuéch dai thong sb diéu
khién.

Trong d6, cac thong sb téng thé clia xe bao gom khéi lugng xe va/hodc quan
tinh quay cta xe xung quanh hudng thang dimg va/hodc khoang céach tir truc trude
clia xe t6i tAm ty cu va/hodic khoang céach tir truc sau ctia xe t6i tm ty cy va/hodc do
ctmg khi vao cua cua cdc banh truée va/hodc hodc do cimg khi vao cua cua cac banh

sau. Thu nhan céc thong sb tong thé ctia xe, thu nhan do khuéch dai thong s6 diéu

14
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khién ngoai tuyén theo cac thong s6 téng thé cua xe, va lam gidm do phuc tap tinh

toan ctuia phuong phap vé phuong 4n nay.

Theo céc thong s tong thé cua xe va md hinh ddi twong duoc didu khién, do
khuéch dai thong sé didu khién tdi wu ki, ko, ks, va ks duge tinh toan ngoai tuyén qua
ham MATLAB Igr, diéu nay lam giam dang ké lugng tinh todn so vé&i gidi phap truc

tuyén ctia do khuéch dai thong s6 diéu khién.
Phuong an 4

Nhu duge thé hién trén Fig.3, ngoai cac ddu hiéu ky thudt cla cac phuong én

néu trén, phuong 4n nay con bao gdm cac dau hidu k¥ thuat sau day.

Buéc thu nhan do khuéch dai thong s6 diéu khién theo thoi gian thue, theo dd
khuéch dai thong sb didu khién, bao gom:

Bude S202, léy tbc do 1am bién doc 1ap, va thuc hién viéc khép da thirc cia do
khuéch dai thong s6 didu khién dé thu nhén da thirc thir nhét; va

Bude S204, thu nhan do khuéch dai thong s6 didu khién theo thoi gian thyc,

theo da thirc thir nhit va tdc do doc ctia xe theo thoi gian thyc.

Dua vao do khuéch dai thong s6 diéu khién dugc thu nhan ngoai tuyén, phuong
phap tinh toan cua vi¢c khép da thire duge s dung dé thu nhan d6 khuéch dai thong

s6 diéu khién theo thoi gian thyc, va lugng tinh toan dugc tdi wu hoa.
Phuong an 5

Ngoai cac dau hiéu k¥ thudt cuia cac phuong dn n€u trén, phuong an nay con

bao gdm cac dau hiéu k¥ thuat sau day.

Bué6e thu nhan do khuéch dai thong s6 diéu khién theo thoi gian thuc, theo do
khuéch dai thong sb diéu khién, bao gém: léy tdc do 1am bién doc lap, va thuc hién
viée khép da thire bac ba ctia d khuéch dai thong s6 diéu khién, va da thirc thi nhat
duoc thu nhan la:
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_ 3 2
L = ay Vvt o+ oa, vt + agv + ay

3 2
9 V- + gV + apv + ay

k
k
ky = aur’ + aur’ + agv + ag
k

_ 3 2
g = AyV T+ ayvt +oauv + ay

Trong do6, as1, a1, a11, va ao1 1a cac hé sb da thuc bac ba cia cac thong sb didu
khién ki, as, ax, a1, va an 12 cac hé sd da thirc bic ba cia cdc thong sb diéu khién
ko, a33, a23, a13, va ao3 la cac hé sb da thirc bac ba cua cac thong s6 diéu khién ks, as,
a4, 14, va ag4 14 céc hé sb da thic bac ba cua cac thong s6 diéu khién kq, v 13 toc do;
thu nhan do khuéch dai thong sé diéu khién theo thoi gian thyc K, theo da thire thu

nhét va toc do doc ctia xe theo thoi gian thuc:

, 3 2

ki = a)V, +a,l, +al +ay
- 3 2

Ky = a,V, +aul, + a,l, + ay

, 3 2
ki = agl, +ayl, + ayl, +ay

, 3 2
Ky = a,V, +ayl, +a, + a
K =k, ky, ks, kﬂ

Trong d6, Vx 1a tde do doc cua xe.

Theo phwong 4n nay, viéc khép da thire bac ba dugce thuc hign, va do khuéch
dai thong s6 diéu khién tdi wu duge tinh toan trong thoi gian thuc theo tde do thuc té
duge phan hdi béi xe, didu nay khong nhiing lam giam lwong tinh ton cia do khuéch
dai thong s6 didu khién t6i ru, ma con dam bao tinh hi tu va do tin cdy ctia do khuéch

dai thong sé diéu khién tdi wu.
Phuong 4n 6

Ngoai cac dau hiéu k¥ thuét cua cac phuong an néu trén, phuong an nay con

bao gdm cac dau hiéu k¥ thuat sau day.
Buéc thu nhan lwvgng phan hdi 18i trang théi bao gom:
thu nhan lugng phan hoi 18i trang théi theo cong thire sau day:
e, = (7 = Vas) c0s (Wy) — (x = x,.) sin(y,,)

16
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éy :Vy _Vx('//_'//des)
E’W = l// - l//des

e, =w—-Vp

14 e hY A A ° r A é Y 9 A /1 . 7 A A M r A
Trong d6, “v 1a do 1éch vi tri bén, * 1a ty 1¢ thay doi ctia do 1&ch vi tri bén,
€, 15 AA 1A f gz 1zr € s 4o 1a R: 2 2a 1 S TVETT \

v 1a do léch goc dao 14, v 1a ty 1€ thay doi cua do léch goc dao lai, X 1a luong
phan hoi 161 trang thai, Vi 1a toc do doc ctia xe, Vy 1a toc do bén cua xe, () 13 Vi
rf xe & thoi diém hién tai, (Xees» Yees) 13 vi tri qu dao mong muén, ¥ 1a géc déo
14i cua xe & thoi diém hién tai, ¥es 1a goc dao 1ai ctia quy dao mong muon, o bicu
dién van toc géc xoay cua xe thong, va p bicu dién d6 cong diém dich mong muon.

Bing cach cap nhat 1i trang thai va phan hoi n6 t6i do khuech dai diéu khién,
hiéu qua diéu khién bén chinh x4c hon.
Phuong an 7

Nhu duge thé hién trén Fig.4, ngoai cac dau hi¢u ky thuat cia cac phuong an
néu trén, phuong an nay con bao gom céac dau hi¢u k¥ thuét sau day.

Buéc thu nhan luong didu khién va lugng bu, theo do khuéch dai thong s diéu
khién, do khuéch dai thong s6 didu khién theo thoi gian thuce, 16i trang thdi, do cong

qu¥ dao, va géc nghiéng cua xe, bao gbm:
Bude $302, thu nhan lugng didu khién phan hdi, theo do khuéch dai thong s

didu khién theo thoi gian thuc va lugng phan hdi 16i trang thai 1a:

0

sw_b

=—KX

trong do, K 1a do khuéch dai thong s6 diéu khién theo thoi gian thue, X 1a luong
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phan hoi 18i trang thai;

Bude $304, thu nhan lugng didu khién tich phan 16i vi tri, theo tich phan 15i vi

tri 1a:

8, =06, ;+kelT

sw_ 1 sw_ 1

trong do, ki hé sb tich phan, % 1a do léch vi tri bén, T 1a khoang thoi gian

A -2 A gt LA ) -A A . f ar oo O .
diéu khién, Oo i 1a tri s0 khoang thoi gian diéu khién cta nhip tru¢e do cia ~sv-7;

Buéc S306, thu nhan lugng bu tiép thuan do cong duong, theo do cong quy dao

la:

s ol 1oL
sw_c }?

des

- + k) + L_ L k)
L°2C, 2, 2, R.. R

des des

trong d6, m 1a khoi lugng xe, Vy1a toc do doc cua xe, Ir1a khoang cach tur truc
truGe cla xe toi tim ty cu, Iy 12 khoang cach tir truc sau clia xe téi tam ty cy, Crla do
ctng khi vao cua ctia banh trude, C; 1a d§ cung khi vao cua ctia banh sau, Raes 1a ban

kinh quy dao, L 12 tong ctia levals;

Budc S308, thu nhan luong bu tiép thuan do dbc duong, theo goc nghiéng cla

xe la:

s - A(4,3) - B(1,4)k3 gsin(y)
v T R@ BB A - ALOBLD T

trong do, AGL D) 13 thong s tuong g v6i hang thr i va cot thir j cia ma tran
A B (1,0 1a thong sb twong tmg voi hang thir i va cot thir j cia ma trén B, g la gia

tbe trong luc, 7 1a goc nghiéng cua xe.

Céac phuong phép thu nhén cu thé cua lwong didu khién phan hdi, luong diéu
khién tich phan 13i vi trf, lugng bu tiép thuan do cong duong, lugng bu tiép thuan do
dbc duong duoc dua ra bdi cac cong thire néu trén. Theo phuong an nay, do cong
duong dugc cung cip boi quy dao mong mudn duoc str dung dé thure hién viéc bu

tiép thuan cho do cong duong, thong tin dinh vi dugc s dung dé thuc hién viéc bu
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tiép thuan cho dd nghiéng duong, va ) hang tich phan d¢ 1éch huéng vi tri dugc dua
vao dé lam giam 161 vi tri. Va xét dén mot cach toan dién anh hudng do bét dinh cua
dod cong duong, do nghiéng duong va cac thong s6 thng thé ciia xe dé dat duoc viéc

theo ddi ¢6 do tin cdy cao va do chinh xac cao cua quy dao lai mong mudn.

Phuong 4n ndy dua vao so hang tich phin d6 1éch huéng vi tri d€ lam giam 16i
vi tri, d¢ dam bao rang 16 trang thai on dinh van ¢6 thé duoc loai bé hoan toan khi
cac thong so tong thé ctia xe 1a bat dinh.

Phuong an 8

Ngoai cac dau hiéu k¥ thudt ciia cac phuong dn néu trén, phuong an nay con

bao gdbm cac déu hiéu k¥ thuat sau day.

Budce thu nhan goc vo lang duge ky vong, theo lugng diéu khién va lugng bu,

va dua ra goc vo lang duge ky vong t61 hé théng 1ai bang day, bao gbm:
thu nhan goc vo lang dugc ky vong, theo cong thirc sau day:

S, =00, ,+0,, ,+0, +36, )i

sw sw_b W

S+ 13 lwong didu khién phan hdi, % i 1a luong didu khién tich

phan 131 vi trf, %< 1a luong b tiép thuan do cong dudng, %+ 1a lugng bu tiép

Trong do,

thuan do déc duong, 1 1a ty 1§ vo lang.

Theo cac két qua tinh toan cua lugng diéu khién phan hoi, luong diéu khién tiép
thudn do cong duong, lugng bu tiép thuan do dbc duong, va luong diéu khién tich
phéan vi tri, cac két qua tinh toan dugc cong lai, va sau d6 dugc nhén voi ty 18 vo lang
dé thu nhan géc vo lang dugc ky vong cudi cing, ma dugc dua ra toi hé thong 14i
bang day, dé dat dugc viéc theo doi dudng, dé dam bao rang 15i trang théi 6n dinh ¢6

thé dugc loai bé hoan toan khi cac thong sb tong thé cua xe 1a bét dinh.
Phuong an 9

Nhu dugc thé hién trén Fig.5, phuong an nay dé xuit may diéu khién chuyén

dong bén cia xe ty 1ai 100, bao gbém: mddun thiét 1ap 110; mddun thu nhén thir nhét
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120; modun thu nhan tht hai 130; modun thu nhén thir ba 140; mddun thu nhén thir
tu 150; médun thu nhan thir ndm 160; va mddun thu nhan thir sdu 170, trong do, céc
thong sé diéu khién ciia bo diéu khién tuyén tinh bac hai dugc thiét dat boi modun
thiét 1ap 110, mddun thu nhan thir nhét 120 thu nhan cc thong sd tong the cua xe,
modun thu nhan thtr hai 130 thu nhan d khuéch dai thong sé didu khién theo cac
thong sé diéu khién va cac thong s6 tong thé ctia xe, mddun thu nhan thi hai 130 thu
nhan d9 khuéch dai thong s6 diéu khién theo cac thong s6 diéu khién va céc thong sb
tdng thé cia xe, modun thu nhan thir ba 140 thu nhan do khuéch dai thong s6 dicu
khién theo thoi gian thue theo do khuéch dai thong s6 diéu khién, modun thu nhan
tht tv 150 thu nhan 16i trang thai, do cong quy dao va goc nghiéng cua xe, médun
thu nhén thr nam 160 thu nhan lugng didu khién va lugng bu theo d khuéch dai
thong s6 diéu khién, do khuéch dai thong s6 didu khién theo thoi gian thyc, 1i trang
thai, do cong quy dao va goc nghiéng cta xe, modun thu nhan thir sdu 170 thu nhan
goc vo lang duge ky vong theo lugng diéu khién va luong bu, va dua ra goc vo lang

duoc ky vong toi hé thong 14i bang day.

Phuong 4n nay c6 thé thuc hién viéc diéu khién t6i wu ctia chuyén dong bén ctia
xe tu 1i ma khong c6 18i tinh, lam giam déng ké luong tinh todn, dam bao tinh hdi tu
ctia do khuéch dai diéu khién téi wu, va xét dén anh hudng ctia d6 cong duong, do
nghiéng duong va do bét dinh cta cac thong sb tong thé cia xe, dé dat dugc viée theo

ddi c6 do tin cdy cao va do chinh xac cao cta quy dao lai mong mudn.
Phuong an 10

Nhu duge thé hién trén Fig.6, phuong 4n nay dé xuét xe tu 141 200, bao gdm:
than xe 210 va thiét bi didu khién 220; trong do, thiét bi diéu khién diéu khién viéc
chay ctia than xe 210 nho su dung phwong phap didu khién chuyén dong bén ctia xe
tu 14i nhu duge mo ta theo bat ky mot trong s6 cac phuong 4n clia sdng ché.
Phuong 4n cu thé

Phuong 4n nay dé& xuit phuong phép didu khién chuyén dong bén cla xe tu 1ai
(nghta 13, phuong phép didu khién t6i vu ma khong c6 13i tinh bén), ma c6 thé 1am
giam déy du lugng tinh toan cia do khuéch dai diéu khién t6i vu va dam bao tinh hoi
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tu ctia do khuéch dai didu khién, va xét dén anh hudng do bat dinh cia do cong duong,
do nghiéng duong va thong s6 tong thé dé dat duoc viéc theo ddi c6 dd tin cdy cao va

do chinh xac cao cta quy dao lai mong muon.

Nhu duoc thé hién trén Fig.7, phuong 4n nay trude tién tinh toan ngoai tuyén
do6 khuéch dai diéu khién t6i vu, sau do st dung da thirc dé khop do khuéch dai diéu
khién va luu né & bd phan tinh toan, va sau d6 cép nhat do khuéch dai diéu khién t6i
wu va luong 13i trang thai trong thoi gian thuc theo téc do duoc phan hdi bdi xe. Do
cong duong duoc bu tiép thuén béi do cong dudng dugce cung cip boi quy dao mong
mudn, va d6 nghiéng duong duoc bu tiép thuan béi géc nghiéng ciia xe dugc thu nhan
tir thong tin dinh vi. Ngoai ra, sb hang tich phan d6 1éch hudng vi tri duoc dua vao
d8 1am giam 15i vi tri dé dam bao rang 13 trang thai 4n dinh van ¢6 thé dugc loai bo
hoan toan khi cac thong sé tdng thé cia xe 1a bit dinh. Nhu dugc thé hién trén Fig.8,

cc budce thuc hién nhu sau:

Budce S402, tinh toan ngoai tuyén do khuéch dai didu khién t8i wu va ma tran
trong sd, trong do6 cac thong s6 diéu khién dugc bao gom trong bd diéu khién chuyén
dong bén LQR bao gém ma tran trong s6 thtr nhat Q va ma trin trong s6 thr hai R.
Cu thé 13, c6 Q=diag[q1, q2, g3, q4], R=[r], nghia 1a, tong clia 5 thong s6 q1, q2, @3, q4
va r; theo sb lwong vat ly duoc két hop véi céac thong s6 didu khién, xac dinh tAm
quan trong cta nd, va qz, qa, va r dugc thiét dat 1a cac tri sb ¢b dinh, chi dbi voi qi,

s, diéu chinh cac thong s6 theo tdc do xe.

qlmax VX<V1
R G I AR A
V="
qlmin Vx>V2
quax V)(<V1

Gy = 4Gy + Dun_Dmc(y oy o<V, <
v, =1

qS min V){> VZ

Tinh to4n ngoai tuyén: theo c4c thong s6 tong thé ctia xe va md hinh d6i tuong

duoc diéu khién, tinh toan cac do khuéch dai diéu khién toi wu ki, ko, k3, va ks ngoai
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K 1 0 0 ]
0 B 2C, + 2C, 2C, + 2C, B 2,1, —2C. 1,
4= mV, m mV,
10 0 0 1
o _ %A =200, 20, 20,1, 2c,1,° + 20,1
L ]ZI/X ]Z [ZVX N
C o
2,
_ m
5= 0
20,1,
L 4. ]
ky, = [k14<1)’ k14(2)’ k14(3)’ k14<4)]
k14 = 1QJ”<A, By Q: ﬁ)
kl = k14(1)
k2 = k14(2>
ka = k14(3>
k4 = k14(4)

Bude S404, khép da thire: theo cac két qua do khuéeh dai didu khién t6i vu duge

tinh todn, thue hién viée khép da thire bac ba cia do khuéch dai didu khién toi wu béi

toc do.

L=
g =

k
k, =
k
k

4 =

3 2

a, v+ a,v. + ayv + a
3 2

A,V + anV’ + auv + ag
3 2

Gy + ayV. + agv t+ ag

3 2
Ay V" + ayv. + auv + ay

Budce S406, cap nhat do khuéch dai: tinh toan do khuéch dai diéu khién tbi wu

K trong thoi gian thuc theo tdc do thuc té duoc phan hoi bai df?)ng hd banh xe tdc do

XC.
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, 3 2
ki = al, +a), +al, +ay

=
KeS
I

3 2
ayl, + ayl, + aul, + ay

X

=
BN
Il

3 2
agl, + ayl, + apl, + ag

3 2
kK, = ayV, +al, +a,l, + ay
K = k], ky, &, k]

Buéc S408, cap nhat 10i trang théi: tinh toan d6 1éch vi tri bén G, ty 1¢ thay d6i

d6 lech vi tri bén ©, do léch goe dao 1ai v, ty 16 thay dbi do Iech goc dao lai %,
lwong phan hoi 15i trang thai X, theo vi tri xe, thong tin tu thé va toc do duge duara
boi hé thdng dinh vi trong thoi gian thyc, va thong tin quy dao dugc ky vong cua viée

quy hoach.
e}’ = (.V - -Vdes) Ccos (de*) - <X - Xdes) Sin <l//des)

éy = Vy _Vx(l// —Wdes)

QWZV/_Wdes
e, =0 —-Vp
€y
é
X=|"7
€y
e

Bude S410, tinh toan luong didu khién phan hdi: nhan d¢ khuéch dai diéu khién

t6i wu va lwong phan hoi 16i trang thai @& tinh toan lwong phéan hoi 16i trang thai.

15

sw_b

=—KX

Buéc S412, tinh toan lwgng bu tiép thuan d6 cong dudng: tinh toan luong bu do

cong duong, theo do cong quy dao dugc cung cAp boi hé théng quy hoach.

5SWC=/JJVX [], B 1, N 1, K]+ L 1, K
- R.L 2C, 2C, 2C, R R

des des

23



48800 24/37

BuGe S414, Tinh toan luong bu tiép thuan do dbc duong: tinh toan lugng bu
tiép thuan do dbc duong, theo goc nghiéng cua xe dugc cung cAp boi hé thdng dinh
Vi.

5 A(4,3) - B(1,4)k3
T T A(2,3)B(1,4) - A(1,4)B(1,2)

gsin(y)

Budce S416, Tinh toan lugng diéu khién tich phan 16i vi tri: dwa vao tich phan
ctia 181 vi tri, va tinh toan luong tich phan do 15i vi tri nhd sir dung phép tich phan

tang.

S, =06, ;tkelT

sw_ 1 sw

Budce S420, Tinh toan géc vo lang: tinh téng cac két qua tinh toan cua lugng
didu khién tiép thuan do cong duong, lugng b tiép thuan do dbc duong, va luong
didu khién tich phan vi tr, theo lugng diéu khién phan hdi, va sau d6 nhén ty 18 vo
lang dé thu nhan géc vo lang duge ky vong cudi ciing, va dua ra téi hé théng 14i bang

day, thuc hi¢n viéc theo doi duong.

5, =, ,+6

sw_ sw_r

+ 5SW_C + 5m_1)i

Theo cong thirc néu trén, i 1a ty 1¢ truyén cua co cau lai, m bi€u dién khoi lugng
xe; I, biéu dién quan tinh quay cla xe xung quanh hudng thang dung; o bi€u dién
van toc goc xoay cua xe thong; Ir va Iy 1an lugt bicu dién khoang c4ch tir cac truc trude

va sau clia xe toi tdm ty cu; Crva Cr lan luot 1a cac do cung khi vao cua cua cac banh

trude va sau, 7 1a gée nghiéng duoc cung cip béi viée dinh vi, ¥, Yes lan luot
1a goc dao lai cta xe & thoi diém hién tai va goc dao ldi cua quj dao mong mudn,
(x, v) , oo o) 12 vi tri clia xe ¢ thoi diém hién tai va vi tri cia quy dao dugc ky

)

vong, £ 1a hé sb tich phan, T 1a khoang thoi gian diéu khién, O i I tri sb
khoang thoi gian diéu khién cua nhip trude d6 cua Osw_i , AGL 9y B D) 130 luot
1a cac thong s tuong tng v6i hang tht i va cdt thir j cia cic matrdn Ava B, va g la
gia tdc trong luc.

Toém lai, cac hiéu qua c6 1¢i ctia cac phuong 4n vé sang ché la:
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1. Phuong an nay co thé thuc hién viéc diéu khién t6i wu ctia chuyén dong bén
cua xe tu 14i ma khong c6 16i tinh, lam giam déng ké luong tinh toan, dam bdo tinh
hoi tu ciia dd khuéch dai diéu khién t6i wu, va xét dén anh hudng cta do cong duong,
do nghiéng duong va do bét dinh cta céc thong sb tong thé cua xe, dé dat duoc viée

theo ddi ¢6 do tin cdy cao va do chinh xac cao cla quy dao 1ai mong mudn.

2. Phuong 4n nay dé xuit phuong phap khong 16i tinh va dua vao s6 hang tich
phan do léch huéng vi tri dé lam giam 15 vi tri, d& dam bao rang 13i trang théai on

dinh van ¢6 thé dugc loai bo hoan toan khi céc thong s6 tong thé ciia xe 13 bét dinh.

3. Tinh toan do khuéch dai didu khién ti wu trong thoi gian thuc theo toc do
thuc t& duge phan hdi boi xe, didu nay khong nhitng lam giam lugng tinh toan cua do
khuéch dai diéu khién téi vu, ma con dam bao tinh hoi tu va dd tin cdy cla do khuéch

dai diéu khién toi wu.

Theo sang ché nay, cac thuat ngit "thir nhét", "thtr hai" va "tht ba" duge st dung
chi nham muc dich md ta, va s& khong dugc hiéu 1 chi bao hodc 4n y tdm quan trong
lién quan; thuét ngit “nhiéu” dé cap dén hai hogc nhiéu hon hai, trir khi dugc dinh 15
1o rang theo cach khac. Céc thuat ngit "dugc lép dat", "duoc kétndi", "két ndi", "duoc
¢b dinh", v.v., s& duoc hiéu theo nghia rong. Vi dy, "duoc két ndi" co thé 1a két ndi
cb dinh, két ndi ¢6 thé théo roi, hode két ndi lién khdi; "két ndi" ¢6 thé duge két noi
truc tiép, hodc dugc két ndi gian tiép qua su két ndi trung gian. Pdi véi nhitng ngudi
¢6 hiéu biét trung binh trong linh vyc k¥ thuat twong Gmg, cac y nghia cu thé ctia cac

thuat nglt néu trén theo sang ché c6 thé duge hiéu theo céc tinh hubng cu thé.

Trong phan mo ta clia sang ché, thuat ngit "nhiéu" dé cap dén hai hoac nhiéu,
trir khi dugce dinh rd rd rang theo cach khac, va can hiéu rang cac mbi quan hé vi tri
hodc hudng duge chi bao béi cac thuét ngir “trén”, “dudi” “trai”, “phai” va thuat ngir
tuong tu 1a céc mbi quan hé vi tri hodc hudng dya vao nhing gi duge thé hién trén
c4c hinh v&, chi nham thuan tién cho viéc mo ta sang ché va don gian hoa phan mo
ta, va khong chi bao hodc &n ¥ rng thiét bi hodc bd phan dugc dé cap phai c6 hudng
cu thé va duge cdu tric va dugce thao tac theo hudng cu thé, va vi vay khong thé dugc

hiéu 1a giGi han cla sang ché.
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Trong phan mb ta ctia ban md ta, cac phan mo ta ctia cac thuat ngir “mdt phuong
4n”, “mot sd phuong 4n” va “cdc phuong an cu thé” va thuat ngit twong ty nghia 1a
cac diu hiéu, cac cAu trac, cac vat liéu hodc cac dic diém cu thé dugc mo ta két hop
v6i (cac) phuong an hodc (céc) vi du dugce bao gdm trong it nhat mot phuong an hodc
vi du cua sang ché. Theo ban mo ta, sy biéu dién gian luge cua cac thudt ngit né€u trén
khong nhét thit phai d& cap t6i cing phuong phép hogc vi du. Hon nita, céc dau hiéu,
céc cAu trac, cac vat liéu hodc cac dic diém cu thé duge mo ta co thé duoc két hop

theo cach thirc thich hop theo mot hodc nhiéu phwrong 4n hoic nhidu vi dy bét ky.

Cac phan md ta néu trén chi 1a cac phuong 4n vu tién cua sang ché, ma khong
duogc st dung dé gi6i han sdng ché. Déi voi ngudi c6 hiéu biét trong linh vuc k¥ thuat
tuong Ung, sang ché c6 thé ¢o cac sy thay doi va cac bién thé khac nhau. Cac sy ci
bién, céc su thay thé twong duong, cac su cai tién bat ky, v.v., nim trong tinh than va

nguyén ly cla sang ché thi déu s& dugc bao gdm trong pham vi bdo ho cua sang ché.
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YEU CAU BAO HOQ

1. Phwong phap diéu khién chuyén dong bén cua xe ty 14i bao gdm cac budec:

thiét dat cac thong sb didu khién ctia bo diéu khién tuyén tinh béc hai;

thu nhan cac thong sb tong thé cua xe;

thu nhén d¢ khuéch dai thong sé didu khién, theo cac thong sb diéu khién
va céc thong sb téng thé cua xe;

thu nhan do khuéch dai thong sé diéu khién theo thoi gian thuc, theo do
khuéch dai thong sé diéu khién;

thu nhan luong phan hdi 15i trang thai, d§ cong quy dao, va goc nghiéng
cua xe;

thu nhan lugng diéu khién va luong bu, theo dd khuéch dai thong so diu
khién theo thoi gian thue, lugng phéan hoi 161 trang thai, do cong quy dao, va goc
nghiéng cia xe; va

thu nhan goc vo lang duge ky vong, theo lugng diéu khién va lugng bu, va
dua ra goéc vo lang dugce ky vong toi hé théng 14i bang day;

trong d6 budc thu nhan do khuéch dai thong sb diéu khién theo thoi gian
thue theo do khuéch dai thong s didu khién bao gdm:

léy tbe do lam bién doc 1ap, va thyc hién viéc khop da thirc cua do khuéch
dai thong sb diéu khién dé thu nhan da thirc thir nhét; va

thu nhan do khuéch dai thong sb didu khién theo thoi gian thyc, theo da
thirc thir nhat va téc do doc cia xe theo thoi gian thyec.
2. Phuong phép diéu khién chuyén dong bén cua xe ty 14i theo diém 1, trong d6
bude thiét dat cac thong sb didu khién cia bo diéu khién tuyén tinh béc hai bao
gdm:

cac thong sb diéu khién bao gdm ma tran trong sb tho nhit Q va ma tran
trong s6 thir hai R, Q=diag[q1, q2. g3, q4], R=[r], trong d6, q1, q2, g3, g4 va 1 lan
luot 1a ndm thong sb diéu khién, qo, g4 va r dugc thiét dat toi cac tri sb ¢b dinh,

va q1, q3 duge thu nhén theo cong thirc sau déy;
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qlmax VX<V1
qlz qlmax+M<Vx—Vl) V1SVXSV2
V=W
qlmin VX>V2
quax VX<V1
C]B = quax + q3min - q3m&x (VX - V1> I/i < Vx < VZ
V, - h
quin Vx> VZ

trong d6, qimax 12 tri s6 16n nhat cta qi, qimin 12 tri s6 nho6 nhét ciia qi, q3max
1a tri s6 16n nhéat cua 3, q3min 12 tri sb nho nhit cua qQ3, Vx la tdc dd doc cua xe,
V1 1a ngudng tdc do thi nhét, va Vo 1a ngudng toc do thi hai.
3. Phuong phap diéu khién chuyén dong bén cua xe tu 14i theo diém 1, trong d6
bude thu nhan do khuéch dai thong s diéu khién, theo cac thong s diéu khién
va céc thong sb tong thé cia xe bao gdm:

do khuéch dai thong sd diéu khién dugc thu nhéan theo cong thirc sau day:

0 1 0 0 ]
_ 20, + 2C, 2C, + 2C, B 2C,1, —2C 1,
mV, m mV,
4=1, 0 0 1
20, - 20,1, 20, - 20,1, 20,1 + 20,1,
L [ZVX [z '[ZVX _
F o T
2,
B=1 1
20,1,
L ]Z _
k14 = [k14(1)’ k14(2)’ l(14(3>’ k14<4>]
ky, = lgr(4, B, @, k)
kl = k14(1>
kz = k14(2)
]fa = k14(3)
k4 = k14(4)

trong do, m la khéi luong xe, I, 1a quéan tinh quay cia xe xung quanh huéng

thang dung, Ir1a khodng céch tir truc trudce cla xe t6i tdm ty cy, I 1a kKhoang cach
28
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tr truc sau ctia xe t6i tAm ty cu, Cr1a do cing khi vao cua cua banh trude, va Cr

1a d6 cung khi vao cua cta banh sau, Vx la toc do doc clia xe, kis 1a ma trén hoi

tu do khuéch dai didu khién, w0, Kue)| Kuo va Kuw 130 1uet 1a bén thanh
phin trong ma tran hoi tu do khuéch dai didu khién, ki, ko, ks, va k4 lan luot 1
bén do khuéceh dai thong sé didu khién.
4. Phuong phap diéu khién chuyén dong bén cia xe tu 14i theo diém 1, trong d6
budc thu nhan do khuéch dai thong sé diéu khién theo thoi gian thyc theo do
khuéch dai thong sé diéu khién bao gom:

14y téc do 1am bién doc lap, va thuc hién viéc khép da thirc bac ba cta do

khuéch dai thong sé didu khién, va da thirc thtr nhit duge thu nhan la:

Il

3 2
a, v+ ay,v + auv + ay

—

_ 3 2
3 = sV + AoV + alSV + 303

k
3 2
ky, = ay,v" + anv + ayv + ay
k
k

_ 3 2
W = AV +ayuvt +aur + ay

trong do, asi, az1, ai1, va ao1 1a cdc hé so da thirc béc ba cua cac thong so

diéu khién ki, a3z, a2, aiz, va ag2 12 cdc hé s da thirc bac ba cua cic thong sd

>N

diéu khién ko, a33, a23, a13, va aos 1a cac hé so da thirc bac ba cla cac thong sd

>N

didu khién ks, as4, a4, a14, va aos 1a cac hé s da thirc bac ba cia cdc thong so
diéu khién k, v 12 tdc do;

thu nhan d6 khuéch dai thong s diéu khién theo thoi gian thuc K, theo da
thire thtr nhit va tdc dd doc cua xe theo thoi gian thyec:
ki = 331[/x3 + 521’42 + ayl, + ay
ki = 332I/x3 + 522V;2 + apl, + ay

. 3 2
Ky = anl, +ayl, + a,l, + ay

ki = a34Vx3 + a24VX2 + a,V. + ay,
K = k], k), k3, k]
trong do, Vx la toc do doc cua xe.
5. Phuong phap diéu khién chuyén dong bén cua xe ty ldi theo diém 1, trong do6

buéc thu nhan lwgng phan hoi 16i trang théi bao gbm:
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thu nhan lwong phan hoi 16 trang thdi theo cong thuc sau déy:

e, = (}/ - ya’es) Ccos (l//a’es) - (X - Xdes> Sin(Wdes)

éy = Vy _I/x(l//—l//des)

ew zl//_l//des
e, =o-Vp
ey
x=|%
e

7

€y

trong do, ® 1a do léch vi tri bén, % 1a ty 1€ thay ddi ctia d6 léch vi tri
bén, % 1a dd 1éch gbe dao lai, % 1a ty 1€ thay dbi cua do léch goc dao 14i, X
1a lugng phan hdi 18i trang thai, Vx 1 téc o doc cua xe, Vy 1a tée do bén cua xe,
(%,9) 14 vi trf xe & thoi didm hién tai, Fas Yes) 1a vi tri quy dao mong mubn,
Y la goc dao lai ciia xe & thoi diém hién tai, Y%= 1a goc déo 1ai clia quy dao
mong mudn, ® biéu dién van tdc goc xoay cia xe thong, va p biéu dién do cong
didm dich mong muén.
6. Phuong phép diéu khién chuyén dong bén cia xe ty 1ai theo diém 1, trong d6
budc thu nhan lugng diéu khién va luong bu, theo do khuéch dai thong sb diéu
khién, d6 khuéch dai thong sb didu khién theo thoi gian thuc, 18i trang thai, do
cong quy dao, va goc nghiéng cua xe bao gbm:

thu nhan lugng didu khién phan hoi, theo do khuéch dai thong sb diéu khién
theo thoi gian thyc va lugng phan hoi 18i trang thai la:

o, ,=—KX

sw_ b T
trong d6, K 1a do khuéch dai thong s6 didu khién theo thdi gian thuc, X 1a
lugng phan hoi 16i trang thai;
thu nhén lugng diéu khién tich phan 13i vi tri, theo tich phan 18i vi tri la:
8, =0, ;+keT
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trong do, £ 1a hé sb tich phéan, € 1a do l1éch vi tri bén, T 1a khoang thoi

3

gian diéu khién, O i 13 tri s6 khoang thdi gian diéu khién ctia nhip truée dé

a0, .
cua sw_1

thu nhan lwong bu tiép thuan do cong duong, theo do cong quy dao la:

5 szj[Jr 1, 1,
sw_c¢ fl)

des

K1+ L L ky

—_ + 3
L2, 20, o, R, R

des des

trong d6, m la khdi lugng xe, Vxla tdc do doc cia xe, 1r1a khoang cach tir
truc trude cia xe t¢i tAm ty cu, Ir1a khoang cach tir truc sau clia xe t6i tim ty cu,
Cr 1a @0 cting khi vao cua cia banh trude, C; 1a do cing khi vao cua cta banh
sau, Raes 1a ban kinh quy dao, L 1a téng cua lfvalr; va

thu nhan lugng bu tiép thuan do dbc dudng, theo goc nghiéng cua xe 1a:

5 ~ A(4,3) - B(1,4)k3
sw_r A(Z, 3)8(1,4) - A(1,4>B<1,2)

gsin(y)

trong do, AL D) 13 théng s twong (ng véi hang tht i va cdt thtr j cia ma
tran A, B, 1) 1a thong s6 tuong Gmg v6i hang tha i va ¢t tha j cia ma tran B,
g la gia toc trong luc, 7 1a goc nghiéng cia xe.
7. Phuong phép diéu khién chuyén dong bén cua xe ty l4i theo diém 1, trong d6
budc thu nhan gboc voé lang duge ky vong, theo lugng diéu khién va luong bi, va
dua ra goc vo lang dugce ky vong té1 hé théng 14i bang day bao gdm:

thu nhan goc vo lang dugc ky vong, theo cong thirc sau day:

s, =6 )i

SW S

w_ b + 55!4’72“ + é’swfc + 5

sw_ 1

trong d6, %+ ¢ 1a luong didu khién phan hdi, % 7 1a lugng didu khién

tich phan 16i vi tri, Ow_c 12 lwgng bu tiép thuan do cong dudng, Ow_r 1a lugng
ba tiép thuan do déc duong, I1a ty 1& v lang.
8. May diéu khién chuyén dong bén cua xe ty 14i (100), bao gbdm:

modun thiét 14p (110);
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mddun thu nhén thir nhét (120);

modun thu nhén tht hai (130);

modun thu nhan thr ba (140);

modun thu nhan tht tu (150);

modun thu nhan tht ndm (160); va

modun thu nhan th sdu (170),

trong do, cic thong sb didu khién cua bo diéu khién tuyén tinh bac hai duoc
thiét dat boi modun thiét 1ap (110),

mddun thu nhén thi nhit (120) thu nhan cac thong s6 tong thé cua xe;

moédun thu nhéan tht hai (130) thu nhan do khuéch dai thong s6 diéu khién
theo cac thong s6 diéu khién va cac thong s6 tong thé cia xe;

modun thu nhan thr ba (140) thu nhan do khuéch dai thong sb diéu khién
theo thoi gian thuc theo do khuéch dai thong sé didu khién;

mddun thu nhén tht tu (150) thu nhan 18i trang thai, dd cong quy dao va
gbéc nghiéng cla xe;

modun thu nhan tht ndm (160) thu nhan lwgng didu khién va lugng bu theo
d6 khuéch dai thong sb didu khién, do khuéch dai thong sé diéu khién theo thoi
gian thuc, 13i trang thai, do cong quy dao va goc nghiéng cuia xe; va

moOdun thu nhan thr sdu (170) thu nhan goc vo lang dugce ky vong theo
lugng diéu khién va luong bu, va dua ra géc vo lang duge ky vong toi hé théng
1ai bang day;

trong d6 mddun thu nhan tht ba (140) 14y tbc do lam bién doc 1ap, va thuc
hién viéc khép da thirc cua do khuéch dai thong s6 diéu khién dé thu nhan da
thitc tht nhat; va

thu nhan do khuéch dai thong sé diéu khién theo thoi gian thuc, theo da
thtrc thr nhét va toc do doc cua xe theo thoi gian thue.
9. Xe tu 14i (200), bao gdm:

than xe (210); |

thiét bi diéu khién (220); va
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trong do, thiét bi didu khién (220) diéu khién viéc chay cta than xe (210)
nho st dung phuwong phap diéu khién chuyén dong bén cia xe tu lai nhu dugce

md ta theo diém bat ky trong sé cac diém tir 1 dén 7.
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> Bu d6 cong quy dao

»| B0 didu khién giai quyét

o) ,
'T v tryc tuyén LQR

Xe

Dinh vi —

FIG. 1

Thiét dit céc thong sb didu khién cua b diéu khién tuyén tinh
béc hai

- s102

b

Thu nhan cac théng sb tong thé cia xe

| S104

Thu nhan d6 khuéch dai thong s6 dleu kh1en theo cc théng sb
didu khién va c4c thong s6 tong thé cua xe

)

Thu nhan d6 khuéch dai thong sb dxeu khlen thoi gian thue,
theo d6 khuéch dai thong s6 didu khién

l

Thu nhéan lugng phan hdi 18i trang thai, d6 cong quy dao, va géc
nghiéng cua xe

v

Thu nhén luong diéu khién va luong bu, theo do khuéch dai théng
s didu khién thai gian thyc, lvong phan hdi 15i trang théi, do
cong quy dao, va goc nghiéng cua xe

v

Thu nhén géc vd lang duoc ky vong, theo luong didu khién va
Iugng b, va dua ra géc vé lang dugc ky vong t6i hé théng lai
bang déy

Keét thuc

'

FIG. 2
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< Bitddu >

A 4

Ly toc 6 1am bién doc 1dp, va thuc hién viée khép da thire cia
d6 khuéch dai thong s6 diéu khién dé thu nhén da thire thir nhat

J 5202

A4

Thu nhéan do khuéch dai thong sb didu khién thoi gian thyc,
theo da thtrc tht nhat va toc doc doc cua xe theo thoi gian thue

\/ S204

A 4

Két thuc

FIG. 3

Thu nhén luong diéu khién phan hdi, theo d6 khuéch dai

thong sb didu khién theo thai gian thue, va lugng phan hdi \/ $302

16i trang thai

v

Thu nhan luong didu khién tich phan 18i vi tri, theo tich

phan 13i vi tri Ve S304

v

Thu nhan luong bu tiép thusn d6 cong dudng, theo 6 \/ S306

cong quy dao

v

Thu nhan lugng bu tiép thusn d6 dbc dudng, theo goc / S308

nghiéng cua xe

FIG. 4
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May dé diéu khién chuyén dong

bén ctia xe tu l4i —— 100

Modun thiét 1ap 1110

Médun thu nhan thir nhat Jr/“ 120

—130

| Modun thu nhan thirhai

r Moédun thu nhan thi ba ﬂ(}* 140

( Mbdun thu nhan thi tu 4//‘ 150

1 Médun thu nhan thir nim {/f 160

\ Mbddun thu nhin thi sdu +ﬁ 170

FIG. 5
Xe ty 1ai 200
L Thén xe -%/\ 210
‘ Thiét b didu khién J,ﬁ 220
FIG. 6

Bu dd cong quy dao

v

p —}rTich phan 16i vi tri P Xe
Quy dao.

mong muén B diéu khién khép da

——p thirc giai quyét ngoai
tuyén LQR

Bu d¢ nghiéng
duong

I Pinh vi '<

FIG. 7
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Tinh toan ngoai tuyén do \/ S 4 0 2

khuéch dai diéu khién tbi

uu

v

Thyc hién viéc khép da
thirc ciia d6 khuéch dai

diéu khién t6i vu

v

Cép nhat d6 khuéch

\__~" dai diéu khién tbi wu

S408

D

<___

Cap nhat 16i trang thai

A 4

Y

Y

Y

Tinh toén Tinh toén lugng bu | | Tinh to4n lugng bu Tinh todn lugng
lugng dicu tiép thusn db cong tiép thuan d6 déc diu khién tich phén
khién phan hoi duong duong 161 vi tri

<

S410

N

S412

N

S414

N

S416

Tinh toan goc vo lang

Két thuc?

Két thac

FIG. 8
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