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MO DAU

Hé théng lai gilt vai tro quyét dinh dén kha ning diéu khién va 6n dinh chuyén
dong cua 6 t6. Hé thong lai tro luc dién EPS (Electric power steering) da dugc Umg
dung ngay cang rong rai trén 6 to con thay thé cho cac hé théng tro luc thiy luc truyen
thong Cam glac 1ai 1a chi ti€u quan trong phan anh mac d6 phu hop cua hé thong lai
d6i v6i nguoi didu khién, anh huong truc tiép dén kha ning kiém soat, 6n dinh chuyén
dong va an toan van hanh. Do EPS tic dong truc tiép 1én hé thdng 14i thong qua didu
khién mé men cua dong co dién, néu dic tinh trg luc lai va chién lugc diéu khién
khong duoc xdy dung mdt cach khoa hoc va hé théng 6 thé tao cam giac lai thiéu tu
nhién, lam giam d6 chinh xéac diéu khién. Vi vay, nghién ciru xay dyng dic tinh tro Iyc
1ai Iy tuong, chién luge diéu khién phu hop va danh gia cam giac 14i trén co s cac chi
tiéu dinh luong 13 yéu cau cip thiét ddi v6i hé thong 1ai trg luc dién trén 6 t6. Mic du
da c6 nhidu két qua nghién ciru, viéce tiép can hé thong 1ai tro Iuc dién theo hudng tong
thé, gén két chat ché gitra dac tinh trg luc 1ai, diéu khién hé théng va danh gia cam
giac lai vAn con nhitng han ché nhét dinh. Xuat phat tir nhitng yéu cau néu trén, luan
an Iya chon dé tai “Nghién civu dic tinh va diéu khién hé thong ldi tro lwc dién trén
é té con”. Két qua nghién ctru ciia luan 4n gdp phan b sung co sé khoa hoc cho viée
thiét ké, didu khién va danh gia hé thong 14i tro luc dién, dong thoi ¢ thé lam tai lidu
tham khao phuc vu nghién ctru, giang day va ung dung trong thyuc tidn ddi véi hé
thdng 14i trén 6 to con. )

CHUONG I: TONG QUAN VAN PE NGHIEN CUU

1.1. TONG QUAN VE HE THONG LAI EPS

H¢ thong 1ai EPS 1a hé théng lai trg luc bang sir dung dong co dién. Hé thong lai
C-EPS 1a hé théng 14i EPS ¢6 bd tro luc nam trén truc 14i, dong co dién trg luc cung
cdp mo men hd trg tac dung 1én truc 14i thong qua hop giam tdc truc vit-banh vit.
1.2. CAM GIAC LAI

Trong linh vuc dong luc hoc (PLH) 6 t6, cam giac lai dugc xem 1a tong hop céac
phan hdi ma ngudi 1ai cam nhan thong qua vanh tay 1ai va cac cam giac ngoai quan,
bao gdm mo men lai, goc 1ai va dic tinh ty tra 1ai, phan 4nh trang thai chuyén dong
cua xe va diéu kién mat duong. Cac chuyén gia trong linh vyc dong lyc hoc 6 td va
phat trién hé thdng 1ai chi ra cam giac 1ai co thé dwoc dic trung thong qua mot tip hop
cac thude tinh ¢t 16i phan anh muc do twong tac giita nguoi 1ai va phuong tién, Nam
thudc tinh chinh bao gdm: M6 men 14i va quy ludt bién thién mé men 14i; D6 tr& phan
ung lai; Cam giac moé men lai qua d§; Kha nang tra lai; Phan hdi mat duong.
1.3. CAC NGHIEN CUU NUOC NGOAI VA TRONG NUGC
1.3.1. Cac nghién ciru nwéc ngoai

Céc hudng nghién ciru chinh vé EPS: Nghién ctru xdy dung mo hinh hé thong

1ai EPS; Nghién ciru vé chién luge diéu khién; Nghién ctru phuong phap xay dung ban
dd dic tinh tro luc 1ai; Nghién ctru danh gia cam giac 1ai; Nghién ctru xir Iy phan hoi
cia cam bién; Phat trién cac ché do lai cho nguoi dung lya chon; Phat trién cac tinh
nang hd tro nguoi lai; Tich hop véi cac hé thong kiém soat dong luc hoc ciia xe; Phat
hién va chan doan 15i hé théng. Cac hudng nghién ctru lién quan tryc tiép dén nhanh
nghién cru cta luan an gém: Nghién ctru xay dung ban dd dac tinh tro luc lai; Nghién
ctru chién luoc va thiét ké bo diéu khién EPS; Nghién ctru danh gia cam giac 14i.




Khoang tréng nghién ciru: (1) Chua ton tai co sé 1y ludn va ciu trac téng quat
dé xay dung ban dd dic tinh tro luc lai ly tuong, trong d6 ban dd dugc tao tr m6 hinh,
tich hop quy ludt cam nhén cia ngudi diéu khién, tach bach tham sé phan ctng va
tham sO cam nhan/phong céch 1ai. (2) Chua c6 mdt khung danh gia cam giac lai EPS
theo hudng “toan dién”, duoc chuén hoa theo tiéu chuin quéc té ISO hodc tiéu chuin
qudc gia twong duong, voi hé thdng chi sé dinh lugng rd rang, nhim kiém chimg chit
lwong ban dd dic tinh trg lyc 1ai va bo diéu khién. (3) Chua c6 mot quy trinh khép kin
tir khau thiét ké ban dd dac tinh tro Iyc 14i, xay dung chién lugc didu khién va danh gia
cam giac 1ai dé kiém chung tinh phu cua ban dd dic tinh tro Iyc 14i va kha niang dap
{ng cua bo diéu khién trong giai doan nghién ciru va phat trién san pham.

1.3.2. Cac nghién ciru trong nwéc

Céc cong bd nghién ctru chuyén sau hé théng 14i tro luc dién EPS, con rat han
ché; mot s nghién ctru tidu biéu chu yéu tap trung vao hé thong 1ai SBW. Vi EPS
chua c6 nghién ctru chuyén sau vé cac ndi dung c6t 18i nhu xay dung ban d6 dic tinh
trg lyc 1ai, chién lugc, phuong phap diéu khién va thiét ké bo diéu khién theo muc tiéu,
cling nhu danh gia cam giac lai mot cach hé thong.

1.3.3. Vén dé nghién ciru trung tim va dinh huéng gidi quyét ciia lun an

Ludn an hudng t6i tra 101 cau hoi: Lam thé ndo dé xdy dung mét quy trinh khép
kin gom phirong phdp xdy dung ban doé ddic tinh tro lye ldi c6 co sé Iy lugn, co cau
triic tong quat, o tinh nhan ban va phu hop véi quy lugt tam Iy nguoi diéu khién, dong
thoi phat trién chién luoc diéu khién, thiét ké bg diéu khién EPS dé hién thuc héa ban
do dé. Cudi cing xdy dung mét khung danh gid cam gidc lai theo hudng toan dién,
chudn héa theo tiéu chudn, nham kiém chirng chdt hrong ban dé va bé diéu khién?

1.4. MUC TIEU, PHUONG PHAP VA NOI DUNG NGHIEN CUU
1.4.1. Muc tiéu nghién ctru
Muc tiéu 1: Nghién ctu xdy dung ban dd dac tinh tro luc 14i va trg luc lai ly
tuong phit hop voi quy luat tim 1y nguoi diéu khién;
Muc tiéu 2: Nghién ciru chién lugc va thiét ké by diéu khién EPS dé thyc thi muc
tiéu 1;
Muc tiéu 3: Panh gia cam giac lai dé kiém chimg muc tiéu 1 va 2.
1.4.2. Pham vi va déi twong nghién ciru
Pham vi: Nghién ctru xdy dyng dac tinh trg lyc 1ai dién; Nghién clru xay dung
c4c md hinh PLH c6 tham gia trong cdu triic ban dd dic tinh trg luc 1ai. Nghién ciru
cam giac 14i, chi tiéu danh gia cam giac lai. Tir d6 x4y dung ban dd dic tinh tro luc lai
1y tuong, thiét ké bo diéu khién cho hé thdng l4i EPS va danh gia cam giac 1ai tong thé.
Déi twgng: Hé thong lai EPS loai C-EPS trén 6 t6 con.
1.4.3. Phwong phap nghién ciru
Nghién ctru 1y thuyét két hop mo phong va thir nghiém mo phong trén phan mém
thtr nghiém ao cong nghiép.
1.4.4. Ngi dung nghién ctru
Luan 4n cdu tric gdm 04 chuong: Chuong I: Tong quan van dé nghién ctru;
Chuong II: X4y dung mé hinh dong luc hoc va thiét ké bo diéu khién cho hé théng lai
EPS; Chuong III: Tinh toian mé phong dénh gia hé thong 14i EPS; Chuwong IV: Nghién
ctru thir nghiém mo phong.
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CHUONG II: XAY DUNG BAN PO PAC TiNH TRQ LU'C LAIL THIET KE
BO PIEU KHIEN VA NGHIEN CUU PANH GIA CAM GIAC LAI EPS
Muc tiéu chuong 2 1a xay dung mot khung 1y thuyét toan dién, cé hé thong, co co
so 1y luan dé xay dung céac loai dudng dic tinh tro luc l4i, dé xuét co s 1y thyét xay
dung dic tinh tro luc 1ai 1y twong theo quy luat tam 1y nguoi diéu khién véi cac phong
cach 1ai khac nhau, thiét bo diéu khién hé thong 1ai EPS va cubi cung dwa ra phuong
phap, cac chi tiéu danh gia cam giac lai.
2.1. XAY DUNG MO HINH DONG LUC HQC

M5 hinh nghién ctru tong quat DLH va diéu khién EPS thé hién nhu Hinh 2.1.
trong d6 cac mo hinh BDLH s€ dugc thiét lap dé dua vao ciu tric dic tinh tro luc 14i.

i
|
T ..
7 5,81, 8
Ta Taas Mé hinh Tnas,
< 2 i . ok .2 BLH aéng Mé hinh BLH
ar do dag Bo diéu khién| 1 co dién * EPS
tinh tro' lwc > 2
. EPS MAP | Tuqg Controller d)’;"n"a‘r‘:"ic T GFe dynami
v (%) >
model
Mb hinh mé men can quay
Road resistance torque model
X, X

T

M6 hinh phan bd khéi lwong
Load distribution model

w, g, ¢ | M6 hinh déng lwc hoc
+———— chuyén déng 6 té
BB Vehicle dynamic

model

Mé men gay
nhiéu ngau

3 nhién

JININI

M$ hinh banh xe dan hai | disturbance

V. v Elastic tire model torque

&, 81, 3¢

Hinh 2.1. M hinh nghién civu tong qudt DPLH va diéu khién EPS
2.1.1. Xay dung mo hinh toian hoc PLH hé thong lai

lnyrmy  Is,ms,Js

im <« T, » op,Jp, TP

PayJea T

Torque signal
Vehicle
speed (v)

Hinh 2.2. M6 hinh PLH EPS
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Mo hinh BLH cua hé théng lai EPS duogc trinh ba‘l‘y duoc thé hién‘nhu’ Hinh 2.2.
2.1.1.1. Trwong hep 1: Khi xem xét tat ca cac khau déu c6 tinh dan hoi
Hé phuong trinh vi phan biéu dién DLH cac khau trong hé thong 14i nhu sau.
Japa =Tgq— [KC(QDd - (pp) + Dc((pd - (pp)] — [Bepa + Msign(@q)]
]m(bm = Tm - [Km((pm - im(pp) + Dm((pm - im(pp)] - [Bm(pm + MmSign((pm)]
]pii’p = im[Km((pm - imgop) + Dm((pm - im(pp)] + [KC((pd - (pp) + Dc((;od - (pp)]
_[Kp((pp - Yr/rp) + Dp((pp - yr/rp)] - [Bp(pp + MpSign((pp)]
m.y, = [Kp((pp - YT/rp) + Dp((pp - yr/rp)]/rp - [Kr(YT - lS(pS) +
D, (¥ — ls@s)] — [Kr(vr — ly907) + D (3 — l7907)] — [ByYr + Frsign(y;)]
Js¢s = [K:r — ls@s) + Dr (V4 — Isp5)]/1s —
[Ks5(9s — @6) + Ds(@s5 — @6)] — Mssign(¢s)]
J7%7 = [K:r — lyp7) + D (9 — L7 97)]/17 — @.1)
[K7(97 — @) + D7 (@7 — @g)] — M7sign(¢s)]
Je®6 = [Ks(9s — ¢6) + Ds(@5 — @6)] —
[K6(®6 — @wr) + Ds(@6 — ur)] — Mgsign(@s)
Jes = [K7(@7 — @) + D7(97 — Pg)] —
[Ks(ps — @wi) + Dg(Ps — Puw1)] — Mgsign(pg)
]w(pwr = [K6(<p6 - (pwr) + D6((p6 - (pwr)] - [Kafafr + Dafdfr]
]w¢wl = [KB((I]B - (pwl) + D8(¢8 - (pwl)] - [Kafafl + Dafdfl]
]rafr = [Kafafr + Dafdfr] - Trr
Jiép = [Kapap + Dosip] — Thy ’ ‘
2.1.1.2. Trwong hop 2: Coi kh@u ls, 1;,l6, lg cling tuyét doi, Céquhéll con lai dan hoi.
Phuong trinh vi phan chuyén dong cua thanh rang dugc bi€u dien nhu sau:
mreqj)r = [Kp(q)p - :Vr/rp) + Dp((pp - j/r/rp)]/rp - [Kreqyr + Dreqyr] -
[Breqyr + FreqSign(yr)] (22)
Phuong trinh vi phan hinh thanh 1ai Ackermann nhu sau:
Jss = Fils/2 + Fpls/2
J7$7 = Fgly /2 + Fply /2
Us — Melu1) s = lFpsin(pg — @s) + lgFpsin(@s — @s) — Ty
UJs — mgly1)@s = lgFsin(pg — @7) + lgFpsin(pg — @7) — Ty
Trong d6 cac phan luc dugc xac dinh thong qua hé phuong trinh nhu sau:
F%.sing, + F%.sinps—FL. cos@,+FY. cosgps + N, = 0
F}.cos@; + F}. cos@s+Fl,. sing;+F). sings + Mo,
= [Kreqyr + Dreqyr] - [Breqyr + FreqSign(:S/r)]
N,l,/2+F%l.cosps—F7%l, sinps = 0
F§ +mslss/2 = Fy =0
Fi —msls@g/2 — F3 =0
Fils/2 + Fils/2 = J5ips = 0
Fey + Fsings — Fhcosgps — mggg = 0

2.3)
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N,l,/2+F}l.cosps—F%l.sinps = 0
FL + mslspps/2 —F) =0
Fjy— msls('ﬂé/2 —Fp=0
Fils/2 + Fls/2 — Js(ps = 0
Fey + Fsings — Fhcosgps — mg@g = 0
Fey, — Ficosps — Fisings — mglgpe/2 = 0
1 L6FBsin(@s — @s) + lFpsin(@s — @s) + melyy1 G — Trr = J66 (24)
FL+myl,6,/2 — FH =0
Fi —myl;95/2 — Fp =0
Fily/2 + Fhly /2 = J7(7 =0
—Fpy + Fising; + Fhcosg; + mggg = 0
— Fpy — Ficosp, — Fising; + mglg@§/2 = 0
lgFEsin(ps — ¢7) + lgFpsin(@s — ¢7) + mgly1¢s — T = Jas
2.1.2. Xiy dyng md hinh DLH chuyén dong cuaa 6 to
M6 hinh BPLH chuyen dong 6 to hai vét dé tinh toan cac thong sb dong luc hoc

chuyén dong 6 t6. M6 hinh BLH chuyen dong mot Vet dé xac dinh cac ham truyén va
ham truyén ngugc. M6 hinh PLH chuyén dong hai vét duoc thé hién Hinh 2.3.

y F
Fn3 Fo sz,

an

o
31
74

X

3
2
i

Hinh 2.3. M6 hinh DLH chuyén djng hai vét
H¢ phuong trinh vi phan DLH chuyén ddng cta xe mo hinh hai vét:

b= v + BB+ (Ii, Fricoss; — Ti, Frising)
; ’ ; 1 .
B==-B—+—(Ei, Frisind; + ¥i_, Fnicoss;) 2.5)
. 1 . ,
¥ =7 (B Frixsing; = yicos6) + T, Fuu(yisind; — xicoss)]
M6 hinh BDLH chuyén ddng mot vet theé hién Hinh 2.4.
5




Hinh 2.4. M6 hinh DLH chuyén djng mjt vét
Phuong trinh vi phén cua mo6 hinh PLH chuyén dong mét vét nhu sau:

mvp + (K'af + Kar)ﬂ + [mvz - (Karxr - K'afxf)] % = K'af(lz_j 2.6)

Jab + (K opxf + Karx72’)%_ (KearXy = K'apxp)B = K'afxf(f_sd
2.1.3. X4y dyng mé hinh PLH banh xe dan hdi

Phan luc tor mat
duong tac dung 1én banh xe
nhue Hinh 2.5. Véi vy ,
Dy v la van tde doc, ngang
va tong hop cua banh xe; f;
1a goc hop boi phuong van
tbc v; va phuong chuyén

gﬁ‘;ﬁ lligathgl;agn dl’;ﬁ;g; I;Z; }Z Hinh 2.5. Cdc luc tic dung tir mit dwong Ién banh xe

X M Goc 1éch bén cia cac banh xe: a; = §; — 6; (2.7)
phan lyc ngang; Fr;1a phan ] ] Vi
lue doc. Goc léch B; xac dinh boi: B; = arctan (v—y) (2.8)

Yi Fni

2.1.4. Phan lwc ngang tac dung tir mat dwong l1én banh xe

Phan lyc ngang tr mdt duong tac dung I€n cac banh xe Fp; duogc xdc dinh theo
cong thue thuce nghiém “Magic Formula” ctia Pacejka.

F,(a) = Dsin(Carctan(Ba — E(Ba — arctan(Ba)))) 2.9

Trong d6: € = 1.3 1a tham s6 hinh dang; D = a;F2 + a,F, 1a tham s6 anh hudng
azsin (arctan(a4F§+a5Fz))

cD
16p; BCD = agsin(arctan(a,F? + asF,)) 1a do cing ngang cia 16p; E = agF? +
a;F, + ag 1a tham s6 anh huong dén d6 cong; a = [ay, ay, as, a4, as, aq, a;, ag] 1a cac
hé s6 phu thudc vao kiéu va loai lép.
2.1.5. X4y dung mé hinh xac dinh tai trong phan bd 1én banh xe
F.o=Fd_pp Mo hinh xdc dinh tai trong phan b6 1én banh xe duge thé
z1 2 f A N
hién nhu Hinh 2.6

L) Cspf . m'
@.10) AZr=m o (Pt h) £ Tk (21D

dén gia tri cuyc dai cia F,;; B = la tham s0 d§ cling ngang cia

F
Fpo=—L+AZ; _
CspftCspr—m gh

Cspr ' m

e T @12)

21
AZr =m %Z(%pr +
Trong dé: F,;- trong lugng phan bd 1én cac banh xe.
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Hinh 2.6. So do goc nghiéng thin xe va sw thay doi phén lic thing dirng
2.1.6. Xay dyng mé hinh xic dinh mé men cin quay vong.
M0 hinh gdc dat truc ding va goc dat banh trude nhu thé hién nhu Hinh 2.7.
| .

=
3
;

) Hinh 2.7. Goc ddt banh xe va tru dirng
Tong mo6 men can quay cua mdt bén banh xe dan hudng khi quay vong la:
Ty =(Tpy+Tpx+Tg,) = [Fyp(rysiny, + n.cosy.) + Fyrysiny. +

F,r(rscosy, + rysiny,)siny,sind)] (2.13)
2.1.7. Xay dung mé hinh PLH dfng co dién trg luc
Phuong trinh véc to dién ap stato: Ug = Ryig + Lig + ¢se/%r (2.14)

Phuong trinh dién ap trén hé toa do (d — q) dugc vict la:
Usqg = Rslsd + (prd — WrPsq
usq = Rsisq + ¢rq + WrPsq
Psd sdlsd T P
Psq = quisq




M6 men dién tir cia PMSM theo truc (d — q) la:
Tm = pn(q)rdisq - ﬁorqisd) = Pn [(pfisq + (Lsd - qu)isdisq] (216)
Phuong trinh chu}ién dong cua dong co la: J,w,, =T, — T, — Bjw,, (2.17)
2.1.8. M6 men can ngau nhién
2.1.8.1. Nhiéu tieng on trang (White noise)
x,#Z
e 202

X(O)~N'(0,0%) = sz? 2.18)

Tra(t) = X(t) * h(t)

2.1.8.2. Nhiéu ngau nhién (Random number)
x(t) = R(f, u, 0, Dist) (2.19)

2.2. XAY DUNG BAN PO PAC TINH TROQ LUC LAI HE THONG LAI EPS

Diic tinh tro lwc ldi la dic tinh biéu dién moi quan hé giiva mé men tro liec va
mé men ldi. Bin dé ddc tinh tro lie ldi la d6 thi biéu dién chim cdc dwong dic tinh
tro liee ldi theo vin téc 6 té. Can ctr vao yéu cau cua tro Iyc 14i dién, luan an tién hanh
thiét 1ap cac cong thirc xay dung 04 loai ban dd tro luc 14i nhu trinh bay sau dau.
2.2.1. Pic tinh tro Iyc l4i tuyén tinh

0 Khi|Ty4| < T gmin
Ta = K(v)(Td - Tdmin) Khi Tdmin < |Td| < Tdmax (220)
Tamax = K(U) (Tdmax - Tdmin) Khi |Td| = Tdmax
Voi: K(v) = (Ty — Ta) /(T amax — T amin) (2.21)
2.2.2. Dic tinh trg lwc 1di da tuyén tinh
0 Khi|Ty| < T gmin
Ko()(Tq — T amin) KhiTgmin < |Tql =T
KW({Ty3—Ty)+KyW)(Ty =Tz KhiTy <|T4yl <T
T, = 1(W)(Tq—Ta1) + Ko(W)(Ta — Tamin) a1 STl =Ty, (2.22)
Yo Ki(w)(Tq—Ta) KhiTgg_1y <|Tql < Ty
Tamax = K(v)(Tdmax - TdO) Khi Ile 2 T gmax
2.2.3. Pac tinh tr¢ luc lai phi tuyen
0 Khi |Ty| < T gmin
Ta = f(v, Td)f(Td) Khl Tdmin < |Td| < Tdmax (223)

T amax = K(W) (T gmax — Tdrq) Khi |Td| 2= T gmax
2.2.4. Dac tinh trg lyc 1ai hon hop

0 Khi|T4| < T gmin
T = Kl(v) (Td - Tdmin) Khi Tdmin < |Td| < Tint (2 24)
“ f(v, Td)f(Td) Khi Tint < |Td| < Tdmax '

Tomax = K(U)Tc*imax Khi |Td| 2 T gimax . )
Trong d6: T gy = Tamax — Tint; Tine- di€m chuyén ti€ép mo men.
2.3. XAY DUNG PAC TINH TRO LUC LAI LY TUONG CHO HE THONG EPS
Dic tinh tro Iyc 1ai 1y tuong trong luan an dugc hiéu 1a: Dic tinh tre lwc ldi tao
dwoc cam gidc ldi phit hop quy ludt tam Iy nguwoi diéu khién phwong tién.
2.3.1. Co s6 ly luan xay dung déc tinh tr¢ luc 1ai ly tuwéng
Nam 1953, Stevens da gidi thi¢u quy ludt tdm Iy ham liy thira (Stevens's power

8




law), néu rang nhan thirc cam giac ty 1é thuin v6i cong sudt cua kich thich vat 1y, thiét
lap mdi quan hé ham lity thira giira lugng cam giac va kich thich: S = al®  (2.25)
Trong d6: S- cudng do cam giac; I- cuong do kich thich; a- hé s6 cuong do; b- s6
mil liy thira duge xdc dinh boi loai va cuong do kich thich vat ly.
Ludn 4n d& xudt mot mo hinh 1y tuéng vé mbi quan hé gitra m6 men lai va cuong
d6 chuyén dong l4i dua trén quy lut lity thira cia Stevens, the hién nhu cong thirc sau:
@, = ITal"sign(Ty) = K.ITal* ,VGiK, ksxgn(Td) 026
0 = = TalMsign(Ty) = K, |Tal™ , Vi K, = 7z sign(Ty)
Trong do: @y, a; - 1a goc 1ai va gia téc ngang ma ngu(n lai mong doi; b, b1 1a hé
so cuong do cua goc lai va gia tbc ngang; c, k- biéu thi anh hudng cua vén tdc dén hé
sO cudng do; n, nq- 1a s6 mii lily thira cua goc lai va gia toc ngang.
2.3.2. M6 hinh xay dung dac tinh l4i ly twéng
M6 hinh phén tich dac tinh tro lyc 14i EPS dua trén md hinh “Phong céch 1ai -
DLH nghich xe - DPLH nghich HTL” dugc dé xuat dugc thé hién nhu Hinh 2.8.

Modun phong Modun BLH nghich Modun BLH nghich
cach lai * xe * HTL
Td Driving style ay The inverse dynamic ¢d The inverse
> il of vehicle P dynamic of steering
4 sys}em
V—> f(TaJ Td: VJ Gay G%

(T, Tav) G, - G. 7
Hinh 2.8. M6 hinh phdn tich nghich DLH EPS theo phong cdch ldi
Dua trén md dun "Phong cach 1ai", xac dinh cudng d6 chuyén dong lai mong
mudn can dat duoc, dugc biéu thi bang gia tbc ngang mong mudn (ay) duéi tac dung
clia moé men 1ai dau vao (Ty). Tiép theo, md dun “PLH nghich xe” tinh toan goc lai
mong muén (@) tir dau vao (a}). Tir d6, md dun "DLH nghich HTL" tinh todn md
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men tong can thiét (Ty) tir dau vao (¢3). Tur (T) va (T,), tinh toan md men trg lyc cin
thiét (T, ). Dua trén (T,), ECU gui tin hi¢u dong dién diédu khién 1a cuong do dong
dién 0 dén dong co tro lyc va dong co tro lyc tao md men trg luc (T,), thong qua bd
truyen truc vit - banh vit, tao ra mé men trg lyc thyc té (T, = T%). M6 men tong thuc
té c6 duoc (Ty = To+Ty=T3) du’oc truyén dén banh truc ring (plnlon) lam cho truc
rang dat dugc goc quay mong mudn (¢p = ¢p), sau d6 thong qua co cau Ackermann,
lam banh trudc quay mot goc (6¢) mong mudn, do d6 xe dat dugce cudng do chuyén
dong 1ai mong mudn, tirc 1a (ay = aj).

2.3.3. X4y dung ham truyén nghich va quan hé T, — Ty — a,

2
Ham truyén nghich gia tc ngang va goc lai: G;yl = %) =i LM (2.27)
/s

) 2 1+
Ham truyén nghich giira goc 1ai va mo men: G(;; = %) = men M (2.28)
P T

mx,.ns

Quan h¢ (T, — T4 — a,) theo quy luat liiy thira ctia Stevens: Kp = (2.29)

To= (KiKolTgl"™ = DTy a, = ——|Tyl"sign(Ty) = Kaleln (2.30)
Day 1a co s quan trong dé xay dung ban d6 dic tinh trg luc 131 Iy tudng.
2.3.4. Xay dung dic tinh tro lwc lai ly twéng theo quy luit liiy thira ctia Stevens
Trén co s& modi quan hé giira (T, — Ty — a,) theo quy luat lily thira cua Stevens
(2.89). Luan an thiét lap cong xdy dung ban d6 dic tinh tro lyuc 1ai 1y tuong theo quy
luat Iily thtra cua Stevens cho 02 loai déc tinh 1a déc tinh phi tuyén va dic tinh hon hop.
2.3.4.1. Dic tinh tro lwc ldi phi tuyén theo quy ludt liiy thira ciia Stevens
0 Khi |Ty| < Tgq
T, = (KTKaIlen - DT, KhiT gmex = Ile 2 Tgar (2.3D)
T;;max = K(U)T:;max Khi |T2*Td| > K(U)T:;max
Trong d6: T 44.- mO men lai tdi thiéu dat duge dé dong co trg luc kich hoat.
TZi = Td t Tdmin; Tl*i* = ISTKaleln - 1; T:imax = Tdmax * Tdmin (232)

2.3.4.2. Dac tinh trg luc lai hon hop theo quy ludt liy thira ciia Stevens

0 Khi |T4l < T gmin
r = | KT, Khi |Tg| 2 Tamin and [T Tg| < [K(W)T4l (233)
| TdTa Khi K1(W)|T gmax| 2 1T3"Tal = |K(v)T5] '

Kl(v)TZmax Khi |T***Td| > Tamax - Kl(v)T;max
Trong do: TZZ** - KTK |Td| 1 Td - Td t Tdmm ’ Tdmax Tdmax t Tint 5
Tine - giao diém cua duong T, = K (v)Td va dudng cong phi tuyén T, = T35 .

2.3.5. Xay dung dic tinh tro lwc lai theo “Phong cach 1ai”
2.3.5.1. Phong cach lai

Luan an trinh bay phuong phap xay dung déc tinh trg lyc lai theo ba phong cach
1ai khéc nhau trén cung cau hinh xe mau la: “Phong cach lai thodi mai”, “Phong céch
14i thé thao” va “Phong céch lai da muc” cho hai loai dudng dac tinh tro luc 1ai 1a “dac
tinh trg luc 14i phi tuyén” va “dac tinh trg lyc 14i hdn hop”.
2.3.5.2. Phong cach lai da mirc
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Muc tiéu nham tao: Cam giac 1ai thoai mai & vén tdc thap, cam gic 1ai thé thao &
van toc trung binh va nang chac, an toan ¢ van toc cao. Két qua thu dugc nhu sau:
a. Loai dic tinh tro luc ldi phi tuyén

Khi v<20km/h
0 Khllel <Tdmin: n\/ 1/KTKL1
T(*i*Tz*i Khi Tdmax = |Td| 2 n\/ 1/KTKa
KT imax Khi |T3'Tal > K(W)Tgmax
Khi 20km/h <v <100 km/h
0 Khi |Td| < Tdmin = nil\/ 1/KTKa
Tz*i**Tz*i Khi Tdmax = |Td| = n_l\/ 1/KTKa
KW)T 4max Khi |Tg" Tgl > KW)Tgnax
To =1 Khi 100 km/h < v < 150 km/h (2.34)
0 Khi| T4l < Tyrq
K2(v) (T4 % Targ) Khi [K2(0)(Tq £ Targ)| < K2(0)|Timax £ Tarq
K2 (v)(Tz*imax i Tdrq) Khl IKZ (1]) (Td i Tdrq)| > KZ(U) T:lmax i Tdrql
(lacnay: K2(v) = go(vrq/v) + g1v + gov* + gsv° = 0)
Khi v =150 km/h
0 KhiTy < Tgy
KZ(U) (Td + Tdrq) Khi |Td| > Tdrq va |K2(v)(Td + Tdrq)l = Talm
Talm Khi |K2(v)(Td t Tdrq)l > Talm
(lac nay: K2(v) = go(v,q/V) + g1V + gov* + g3v° < 0)

b. Logi ddc tinh tro lwc ldi hon hop

Khi v < 20 km/h

0 Khi|Tg| < T gmin

K()Tg Khi [Tyl = Tamin va ITg'| < IK@)Tgl

T4 Khi|K1(W)T gnaxl = T3 | = |K(0)Ty|

TK1W)T gmax Khi|Tg'| > [K1(0)T gnaxl

Khi 20 km/h <v <100 km/h

0 Khi |Td| < [(KTKa)l_n + Tdmin]

KW)Ty Khi|Tgl = [(KrKg)'™ F Tamin] v2 TG Tl < [K(w)Tg|

T "Tq Khi K1(W)|Tgmax| 2 T3 Tl = K(v)Tg

K1) T gmax Khi |Tg™ Tgl > |K1(0)T x|

Ta=19 Khi 100 km/h < v < 150 km/h (2.35)

0 Khi [Tg] < Typg

K2 )(Tq ¥ Targ) KRi |Tql > T4rq and |[K1)(Timar F Targ)| 2 |K2(0) (Tg F Targ)|
iKl(U)(T:;max + Tdrq) Khi |K2 (V) (Td + Tdrq)| > |K1(U)(T:imux + Tdrq)l

(lic nay: K2(v) = go(Vrg/V) + g1v + g% + g3v° 2 0)

Khi v =150 km/h

0 Khi [Tyl < Tar,

K2(w)(Tq % Targ) Khi|Tgl > Tgrq and T o = [K2(0) (Tq F Targ)|

F Taim Khi |[K2)(Tg F Targ)| = Taim

(lic nay: K2(v) = go(vrg/V) + g1V + gov* + g3v° < 0)

2.3.5.3. Phong cach lii thoai mai
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Muc tiéu la c6 cam giac 1ai nhe nhang va thoai mai. Két qua thu dugc nhu sau:
a. Loai dic tinh tro luc ldi phi tuyén

Tq=Tax Tamin: Tamax = Tamax = Tamins T = KrKalTg|" (2.36)
0 Khi |Td| < Tumin = n\/ 1/KTKa
To=9TyT; Khi Tgmax = T4l = Y1/K1K, (2.37)

KW Tamar  KhilTg'Tgl > |K(W)T Gax]
b. Logi ddc tinh tro lyc lai hon hop

0 Khi T4l < T gmin
K@W)T; Khi |Tal = Toin v2 T3] < [K@)T;|
T,=1 Tq Khi |[K1(V)T el = IT5 | = K(W)T (2.38)

K1) Timax KR TE | = [K1(0)T |
(“+"khiT420,“—" whenTy < 0)

Trong do:
Ty=TqF Tymin (“+"khiT;<0,“—="KkhiT; = 0)
Tmax = Tamax = Tamin (2.39)

T:i* = KTKach*iln
2.3.5.4. Phong cach l4i thé thao
Muc tiéu c6 cam giac i thé thao. Két qua thu dugc nhu sau:
a. Logi ddc tinh tre lyc ldi phi tuyén

0 Khi|Ty| < Tmin = " 1/KrK,

To =TT} Khi T gmax = |Tal = "1/K1K, (2.40)
Trong d6: T3 = KK, |Th|" 1 —1 (2.41)
b. Logi dic tinh tro lwc ldi hén hop
0 Khi |Td| < [(KTKa)lin + Tdmin]
1 =) KTy KRITA| 2 [(KeKo)' ™ F Tar] 02 T3 T3] < IK@TAl 5 4o
Tq Tq Khi K1(0)|Tgmaxl = 1T Tgl = K@)Tg

. ilil(v)Tt*imgx Khi |T§**Tf1| > |I{1(v)7;:imax| )
2.4. THIET KE BO BIEU KHIEN CHO HE THONG LAI EPS
M6 hinh diéu khién PID-FOC cho EPS duoc thé hién nhu Hinh 2.9.

| | Tq
|1-:7as — Tma Motor Ta"f + v y y
€ — : r rs r
gear
Tal, fees Toraf N PUT] — EFID-FOC ! PMSM im csiti::?ig_>
v _|MAP|  ar9]signalf Ae iController + Yy T,
—>] > < < model
- +<%}TL le———+—
Trd
Random
Tra(t)

Hinh 2.9. So dé chién lwgc kiém sodt EPS
B¢ dicu khién PID-FOC gom cac md dun chirc nang chinh: mé dun “EPS
MAP” tinh todan m6 men trg luc yéu cau (T 4q) dua trén tin hi¢u mo men 1ai (Ty) va
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vén tc (v). M6 dun “INPUT SIGNAL” nhén gia tri (T arq) va so sanh véi md men trg
luc thye té cia dong co 141 PMSM (T ) thu duoc tir cam bién mé men dong co dién.
T d6, m6 dun nay tinh toan sai léch dong dién khién (e) va sai léch dao ham dong
dién (4e), sau d6 chuan hoa hai dai luong nay trude khi dua vao méd dun diéu khién
“PID-FOC”. M6 dun “PID-FOC” nhan cdp tin hiéu chuan hoa (g,Ae) va thuc hién
didu khién dong dién (I) cip cho dong co trg lyc tao ra mé men tro luc thuc t& (T ).
Mo dun “Steering dynamic model” mo phong DLH h¢ thdng 14i tir tin hiéu dau vao 1a
mod men tir dong co tro luc qua hop glam t6¢ (T gas), md men lai (Ty) va md men cdn
tir mat dudng (T, ). Tir d6 tao ra phan hdi trang thai vé chuyén vi, van tdc va gia toc
cua thanh rang lai (y,, y,,¥,). Ngoai ra, mo dun “Random” mo ta thanh phan mé men
nhiéu ngau nhién (T'), phan anh tac dong ngau nhién khong xac dinh tir mat duong.
2.5. PHUONG PHAP VA CAC CHI TIEU PANH GIA CAM GIAC LAI

2.5.1. Cam giac 1ai va md hinh diéu khién vong kin “Nguoi l4i - Phwong tién”

Phuong tign —— biéc diém cua cam giac 1ai doi hoi
(control path) || Steeing wheel angle phai phan tich dong thoi ca xe va
S Vanh tay & nguoi lai, tao thanh vong diéu
(Bién diéu khién) Phan hdi tir xe (Nguon truyen) khién "Nguoi lai-Phuong tién"
Driving direction Vehicle feedback Steering wheel , , \ 1A
(control variable) 1 (actuator) khép kin nhu Hinh 2.10. Trong hé
Phan héi 1ai A A 1L 3L R B
Nguor i Staering feedback thong nay, nguoi 1ai dong vai tro la
(B9 diéu khién) bd diéu khién, phat hién d6 1éch
Driver Tin hiéu vao mé men/géc lai : , s Y L2 T,
(controller) Steering wheel input Torque/Angle trong cac blen dleu khlen SO VO1
Anh séng/Optic trang thai mong muon va diéu
_ Xuc giac/Haptic N , <X ’ \ ’ 7.
Am thanh/Acoustic chinh céac bién kich hoat va goc lai
Déng hoc/Kinaesthetic
cho phu hop. Nguoi lai dya vao
Hinh 2.10. M6 hinh déu khién kin mot s6 ngudn théng tin dé thuc
"Nguwoi lai-Phwong tién'" hién nhiém vy lai xe.

2.5.2. Phwong phap danh gia cam giac lai

C6 ba phuong phéap chinh bao gdm: Phuwong phap danh gia chi quan; Phuong
phép khach quan; Phuong phap mo phong ao.
2.5.2.1. Phwong phap danh gia chi quan

Phwong phap danh gia chi quan bao gdm cac danh gia chu quan do céc tai xé,
chuyén gia thu nghiém thyuc hién voi kién thic sau rong v¢ trai nghiém li xe mong
muoén nhu d6 mugt ma, cam gidc thoai mai hay tinh thé thao.. . Nhimg tai x¢ nay,
thuong dén tir nhidu nhom 1ai xe khac nhau, cung cdp thong tin ch1 tiét toan dién vé
mdi quan hé giira tin hiéu 14i va cac phan hoi.
2.5.2.2. Phwong phap danh gia khach quan

D liéu thoi gian/ Xt ly div liéu/Data e .
N a s T 8 Tham s6 muc tiéu/
Thr nghiém va do Time data processing Objective parameter

Iwong/Vehicle test and - N T
Measurement :: >Géc léi/Steering angle’:> _BU triv/Off-set ’:|’> D6 loi/Gain
; - M6 men lai/Steering Dieu chinh _d§c tinh/ P5 dif:h ‘pha/Phase

Vong kin/Closed loop . torque Curve fitting shift
Vong hé/Open loop Gia téc ngang/Lateral Hiéu chinh tin hiéu/ L ex .
9 H . Do tré/Hysteresis
acceleration Signal correcting

Hinh 2.11. Thir nghi¢m khach quan ) )
Phuong phéap khach quan dé dinh lugng cac ddc tinh diéu khién xe, b6 sung cho
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c4c danh gia chu quan. Céc thir nghiém chuén hoa nhu trong céc tiéu chun quy chuin
qudc t& ISO Trung Qubc GB/T. Qué trinh thir ngiém khach quan nhu Hinh 2.11.
2.5.2.3. Phwong phap mo phéng do
Phuong phap mé phong do tan dung cac MHMP tién tién dé danh gia PLH xe va
dic tinh diéu khién xe ngay tir dau qua trinh phat trién.
2.5.3. Chi tiéu danh gia cam giac lai
Céc chi tiéu danh gia cam giac lai khach quan dwoc xac dinh trén sé liéu thir
nghiém cua cac duong dic tinh mé ta phan tng DLH cia hé thong 1ai va DPLH cua 6 6.
Céc chi tiéu chinh bao gdbm: D¢ cung lai, d6 doc mo men l4i, o nhay gia toc ngang
theo goc lai va theo m6 men lai, 6 nhay goc xoay than xe theo goéc lai va theo mo
men 1ai, mdé men ma sat, dién tich vong tré, ving chét goc 1ai, thoi gian tré goc xoay
than xe theo goc 1ai va mo men 1ai... Cac bai thu nghiém khac nhau s€ c6 cac chi tiéu
danh gia khac nhau.
2.6. KET LUAN CHUONG
Chuong 2 d4 hoan thanh: Pi d¢ xuit mo hinh xdy dung dic tinh tro Iyc l4i ly
tuong trong d6 ban dd dac tinh tro luc 1ai dugce tao ra tir md hinh toan hoc ¢6 cau tric,
lién két rd rang giita dong luc hoc xe, hé thong 1ai va muc tiéu cam giac 1ai. Didu nay
duogc thuc bang cach phan tich mdi quan hé gitra mé men 1ai va phan tmg dong hoc
cua phuong tién thanh ba mé dun chicc nang “Phong céach 14i” “PLH nghich xe” va
“DLH nghich HTL”. Pa dua ra cong thirc xay dung bdn loai dic tinh tro luc 14i bao
gdm: tuyén tinh, da tuyén tinh, phi tuyén va hon hop. Pa thiét 1ap dwoc cong thic xay
dung ban db dic tinh trg luc l4i 1y tuong theo quy luat lity thira ciia Stevens cho hai
loai dac tinh tro lyc 1ai phi tuyén va dic tinh tro luc 14i hdn hop, mdi loai c6 ba phong
cach 1ai 1a “thoai mai”, “thé thao” va “da muc”. Pa thiét ké by diéu khién tich hop
PID-FOC cho co cdu chap hanh EPS. Cubi cing, da hé thong hoa cam giac 1ai trong
mo hinh vong kin “Nguoi lai - Phuong tién” va dwa ra phuong phap, bo chi tiéu danh
gia khach quan cam giac l4i trén co s cac tiéu chuan qudc té ISO va tiéu chuan Trung
Quéc GB/T, nham danh gia chét lugng cua ban dd dic tinh tro luc 14i va bo diéu khién.
CHUONG III: MO PHONG VA PANH GIA HE THONG LAI EPS
Muc tiéu ctia chuong 3 13 4p dung co so 1y thuyét dugce xay dung trong chuong 2
dé tién hanh mo phong, danh gia trén mot xe mau nham kiém nghiém phuong phap
ludn va tinh chinh mé hinh 1y thuyét, lam co s& cho viée tai sir dung va nhan rong mo
hinh trong nghién ciru xay dung dic tinh tro luc 14i Iy tuong va thiét ké bo diéu khién
cho hé théng lai EPS trén xe con. Xe mau duoc lya chon 1a dong xe hang E tiéu chuén
trong thu vién cta Carsim dé dam bao tinh chinh x4c va d6 tin cdy cua thong sb vat 1y.
3.1. XAY DUNG MO HINH MO PHONG
M6 hinh mé phong (MHMP) tong thé “EPS DYNAMIC & CONTROLER-
PONG LUC HQOC VA PIEU KHIEN EPS” duoc chia thanh 02 khéi chtrc ning chinh:
“CONTROLER BLOLK-KHOI PIEU KHIEN” va “DYNAMIC VEHICLE BLOLK-
KHOI PONG LUC HOC PHUONG TIEN”. MHMP duoc thé hién nhu Hinh 4.1.
3.2. MO PHONG VA PANH GIA KET QUA MO HINH PLH
KQMP BLH cac tong thanh duoc thé hién nhu Hinh 3.1 dén Hinh 3.4. KQMP
cho thdy su thay dbi ciia tai trong phan b 1én cac banh xe, PLH banh xe dan hdi, xac
dinh mé men can quay vong déu phu hop vé6i quy luat vat Iy da dugc cong nhan. Didu
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nay chimg minh tinh ding dn ctia mo6 hinh toan hoc da xdy dung. Cac mo hinh nay
tao nén tang tin cdy cho thiét ké bo dicu khien EPS.
Comparison of vertical forces on the front whe

Sgo%mparisan of vertical forces on the rear whe:

8000 A e e :
S
g 7000 . ]
7000 a =
> 7
E000 e 6000 R, e
z 3 s Z 5000 A ——Fzrls
7 £ = =2 el o B
w™ 4000

1000 ; - :
0 5 10 15 20
Time (s} Time (s)
Hinh 3.1. KQMP phdn bo tdi trong
i Displacement Displacement
E 1000 AN — 1000 -
2 1000 L -
are 2 o 2
g &0 Velocity
7 it ;
Pacejka vs Carsim = é dHN_ ’_/'H“"“M-- _j)
[ \/ £ e
»  Carsim Points i 'i o -ZA ]D i 2
= cceleration
10000 b W.E 200 'J“ A
5 L. % 0 \ p— '/;J'k
oo £ 200/ e e e
it 8 0 5 10 15 4 2 0 2
S = Time [s] Driver torque T, [Nm]
8 a. Bong lyc hoc EPS
1 z e il ¥ * .
i~ e T = 3.2sin(2x/5*time)
i (deg) FL (N} 500 d
Hinh 3.2. KOMP DLH bdnh xe dan 5= r‘-{:H‘“f -11:;:1
Q. | yelmm| - V
hoi |+ =~ s Reaed) = V10
. Comparison of total resistance torque T - 100 | irlern] — V10
E 400 LI == el rmul‘ Il']I;:
= | . |t lmm| — V1
e o .- * . - 5.00022 e e gl Badl — V15
. ge P |- == 4o Hat ]
o P i i R = 0 == ;,.ilmmj — VL
L 300 ' . k
5 } A —TuNml
B il * 100
B 200f 8
c |
o
B i
2 1005 T -200
ks ' T'ac 0 2 4 6 8 10 12
B 5 r Time [s]
v e =
b B - 10[ i % 20 b. Thoi gian tré
ime [s
A . Hinh 3.4. KOMP DLH EPST,; =
Hinh 3.3. KOMP mé men cdn quay T n L d
vong 3. Zsm(?t)Nm; (v=0km/h)
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3.3. MO PHONG VA DANH GIA KET QUA DAC TINH TRQ LUC LAI EPS
KQMP bon loai dac tinh trg luc 1ai dugc thé hién nhu Hinh 3.5 dén Hinh 3.8.

Curve: Ta'Td (v; [km/h]) Curve: Ta'Td (v, [km/h])
30 o | X482 30 —n X 41081
| v=10 —y =10 —
20 t| v=50 20 we50
‘ v=100| v=100|
10 v=ﬁ50! 10 -v=150!
v =200/

30 . 30
-6 4 2 0 2 4 6 -6 -4 -2 0 2 4 6
T, INm] T, INm]
Hinh 3.5. Ddc tinh tuyén tinh Hinh 3.6. Ddc tinh da tuyén tinh
Curve: Ta'Td (v, [km/h]) Curve: Ta'Tr.l {vi [km/h])
30 30
V= D V= 0
——v=10 —v=10
20 v=50 20 V=50
—— =100 v =100
10 v=150 10 v =150
v=200

30 - -30
-6 4 2 0 2 4 6 -6 -4 =2 0 2 4 6
T d [Nm] T d [Nm]
Hinh 3.7. Bdc tinh phi tuyén tinh Hinh 3.8. Bdc tinh hén hop

Dic tuyén tinh va da tuyén tinh chi co ban dap tmg duoc yéu cau tro lyc & van
toc thap va khé thoa man toan bd cic yéu cau nghiém ngit vé tro luc lai. Pac tinh phi
tuyén va hdn hop dap tmg dugce hau hét cac yéu cau vé dic tinh tro lyc 1ai. Han ché
cua hai loai ddc tinh nay la xay dung kho, k§ thuat dé xac dinh cac hé so phuong trinh
biéu dién dudng cong phi tuyén phirc tap va viéc diéu khién ciing yéu cau cao.

KQMP 03 phong céch 1ai véi loai dac Curve: T-T , (v, [km/h])
tinh phi tuyén nhu Hinh 3.9. Muyc tiéu mo ==
phong cac phong cach lai khac nhau Ia )
lugng héa va 1am rd anh hudng cua chién .-
lwgc phan b6,m6 men trg lIwc theo mé men g
lai va van toc xe dén cam giac lai, kha E g

nang kiém soat va muc do phu hop véi -10
nhu cau nguoi st dung. Tu do, hudng toi

-20 [0

xay dupg co s6 khoa hoc cho viéc thiét lap
céc ché d6 1ai khac nhau, cho phép ngudi e @ @& B 5 3 &
1ai chu dong lua chon phong cach phu hop T, INm]

theo s¢ thich va diéu kién van hanh. a. Phong cdch Idi thodi mdi
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Curve: Ta'Td (vi [km/h]) Curve: Ta-Tu (v‘ [km/h])

30 | v=0 T x3.12913
‘ v=10 Y 23.0003
v =50

20 ‘ v =100|

10| —va200]
E l Y= X 2.04805
2 vio
l_c::

T, [Nm] T, [Nm]
b. Phong cdch ldi thé thao ¢. Phong cach lai da mirc

Hinh 3.9. Bic tinh phi tuyén véi cic phong cdch ldi khdc nhau
Két qua thu dugc bo tham ) xay dung ban dd dic tinh tro luc lai cho 04 loai dic
tinh tro luc va 03 phong cach 14i cho dic tinh phi tuyén va hdn hop cho xe mau nhu sau:
1. Logi tuyén tinh:
Tdmin =1 Nm, Pmax = 30N, Tdmax(O) = 48Nm,
K(v) = 6.0527 — 0.0607v + 0.0003v* — 0.000011°.
2. Logi da tuyén tinh:
Tdmin = 1Nm, le = 35Nm, Pmax = 30N, Tdmax(O) = 48Nm,
K(v) = 6.0527 — 0.0607v + 0.0003v> — 0.00001v3;
Ki(v) = 2.5 —0.0607v + 0.0003v*> — 0.00001v>.
3. Logi phi tuyén:
- Phong cdch ldi thodi mdi va phong cdch ldi thé thao:
Prax = 30N; T 41nax(0) = 4.8Nm; Ky = 3.8554;
K(v) = 6.0527 — 0.0607v + 0.0003v> — 0.00001v3;
K [b,c, k,n] =[0.2675, 2.7646, 0.4442, 4.5357].
- Phong cach da murc:
Prax = 30N; T 41nax(0) = 4.8Nm; Kr = 3.8554;
T4rq = 3.5Nm; v.q = 110km/h; Ty = 2.5Nm
K(v) = 6.0527 — 0.0607v + 0.0003v> — 0.00001v3;
K2(v) = 2.5(110/3,6)/v — 0.0606v + 0.0003v> — 0.00001v3,
K,:[b,c, k,n] =[0.2675, 2.7646, 0.4442, 4.5357].
4. Logi hén hop:
- Phong cdch ldi thodi mdi va phong cdch ldi thé thao:
Prax = 30N; T 41ax(0) = 4.8Nm; Kr = 3.8554;
K(v) = 2.5 —0.0607v + 0.0003v? — 0.00001v3;
K1(v) = 6.0527 — 0.0607v + 0.0003v% — 0.00001v3;
K,:[b,c, k,n] =[0.2675, 2.7646, 0.4442, 4.5357].
- Phong cach da murc:
Prax = 30N; T 41nax(0) = 4.8Nm; Kr = 3.8554;
T4rq = 3.5Nm; v,y = 110km/h; Ty, = 2.5Nm
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K(v) = 2.5 —0.0607v + 0.0003v% — 0.00001v3;

K1(v) = 6.0527 — 0.0607v + 0.00031% — 0.00001v3;

K2(v) = 2.5(110/3,6)/v — 0.0606v + 0.0003v*> — 0.00001v3;
Ky [b, ¢, k,n] = [0.2675, 2.7646, 0.4442, 4.5357].

3.4. MO PHONG VA BDANH GIA BO DPIEU KHIEN HE THONG LAI EPS
g . _ Assist lqlgue _ Assist torque _ KQMP danh gid bo didu
g 20 f 1 =% 20 /-" khién dwoc thé hién nhu
g o i T | O — i Hinh 3.10. Ket qua cho
% -20! L [Tl g L/ _ thdy: Quy tic cung cap
w0 5 10 2 0 2 dong dién va diéu khién
% mé men lai tr¢g lyc dién
= Motor torque Motor torque cua cum tro luyc lai dién
e 2| [ N —m, 2| /" theo tin hiéu m6 men lai
g o ‘“— ~ T, |0 /,.7-/ va van toc chuyén dong
= o} ' o Tm_ ()2 |/ cua xe théa min yéu cau
£ 0 ' 5 10 o 2 0 2 mé men trg luc thuc té
E Time [s] bém thAeo .En() men  myc
=< Stator current Stator current tiéu. BO diéu khién thich
T 1 o : /~ tng hoan toan voi tac
© 20} | | 1 20 R , ~ A
2 g 0 T = s I _/_dong cia md men gy
8_20: 14 I____;ilgi”}l_m; nhle:u. Chién luoc di€u
27 e — ; —— khién PID-FOC cho ddng
s 0 , a 10 _'2 0 2 co PMSM hoan toan dap
Time [s] Driver torque Td [Nm] img duge yéu cAu didu

Hinh 3.10. Mé men tro lwc, mé men dong co va dong di¢n khién dong co dién trg luc
) dong co ctia hé thong 1ai EPS.
3.5. KET LUAN CHUONG
Két qua ctia chwong 3 d ching minh tinh ding dén cta phuong phéap ludn, do tin
cdy cua cac m6 hinh DLH va ddp tmg cua chién lugc dleu khién. Pua ra bo tham s6 cho
04 loai ban dd dic tinh tro luc lai da tuyen tinh, phi tuyen va hon hop trén xe mau. Pua
ra bo tham s6 cho 02 loai dic tinh phi tuyén va hdn hop mdi loai 03 ban db dic tinh tro
luc 14i 1y tuong theo 03 phong cach 1ai khac nhau trén ciing cdu hinh xe miu.
CHUONG IV: THU NGHIEM MO PHONG PANH GIA HE THONG LAI EPS
Chuong 4 tién hanh thir nghiém mo phong danh gia hé thdng 1ai EPS theo cac
bai thir nghiém duoc chuan hoa trong cac tiéu chuan qudc té ISO va tiéu chuin Trung
Qudc GB/T nham dong thoi thyc hién cung luc muc tiéu kép d6 1a: (1) Panh gia kha
ning dap mg ciia bo diéu khién va kiém chimg ciac mo hinh PLH; (2) Panh gia cam
giac lai cua EPS sur dung ban dd dic tinh tro luc lai Iy tuong do ludn an dé xuit.
4.1. XAY DUNG MO HINH THU NGHIEM MO PHONG PONG LUC HOC VA
DPIEU KHIEN HE THONG LAI TRQ LUC PIEN
Thong sb k¥ thuat cia mo hinh “xe thir nghiém” va thong s6 ky thuat cia cac
tong thanh trén xe ddng nhét hoan toan voi thong sé k¥ thuat dwoc Iya chon lam dbi
tuong nghién ctu trong Chuwong 3. M6 hinh thyc nghiém mé phong tong thé “EPS

18




DYNAMICS AND CONTROL SIMULA"I:ION EXPERIMENTAL MODULE
INTEGRATING SIMULINK & CARSIM - MO BUN THUC NGHIEM MO PHONG
DPONG LUC HOC VA PIEU KHIEN EPS TICH HOP SIMULINK & CARSIM”
duoc tl}é hién nhu Hinh 4.1. MHMP bao goém 03 khoi chinh va 01 cong tac lya chon
phan hoi méat duong (T,) tir Carsim hodc tir m6 hinh luan an xay dung trong Simulink.
EPS DYNAMICS AND CONTROL SIMULATION EXPERIMENTAL
MODULE INTEGRATING SIMULINK & CARSIM
CONTROLER BLOLK CARSIM BLOLK
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Hinh 4.1. M6 hinh diéu khién EPS tich hop CarSim-Matlab/Simulink

4.2. THU NGHIEM MO PHONG VA DANH GIA
4.2.1. Panh gia kha niing dap vng ciia bp diéu khién

Dé danh gia kha ning dap ung ciia by diéu khién PID-FOC khi két hop véi md
hinh xe thir nghiém trong CarSim, luan 4n thyc hién thir nghiém ba truong hop truyén
mo men lai gdm: Tin hidu danh l4i sin (sine); tin hidu danh 1ai déc + budc (ramp +
step) va tin hiéu danh lai xung (pulse). M6 hinh diéu khién trong Matlab/Simulink
dugc két ndi voi mo hinh xe thir nghiém nhu Hinh 4.2.

O ca ba kich ban, PID-FOC dat: (1) Bam theo (Tu) v6i sai s6 khong déng ké;
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(2) On dinh va kiém so4t bdo hoa t6t khi nhu cau 16n; (3) Phan kénh d-g dung nguyén
1y (iy) tao m6 men, ig = 0. Cac quan sat nay nhit quan v6i md hinh vong dong - FOC,
khéi EPS map dat 1énh hop 1y va ghép CarSim cung cép tai thuc (7;) dé kiém ching
tinh virng. Vi vay, két qua chimg minh bé diéu khién dap ung muc tiéu: Nhanh, chinh
xéc, on dinh va tin cdy trong cac diéu kién kich thich dién hinh ciia hé EPS.

PID-FOC-CARSIM

. -
[Td T
4 T l
fon
© o vs_sf
EPS MAP PID-FOC CONTROLER  MOTOR DYNAMIC

Hinh 4.2. M6 hinh dinh gid khd néing ddp ikng ciia b diéu khién PID-FOC

4.2.2. M6 phong thir nghiém danh gia cam giac lai

Trong muc nay, thong qua cac bai thir nghiém cam giac lai dé thyc hién dong
thoi hai muyc tiéu bao gdm: Mot 1a kiém ching d6 chinh xac dong luc hoc thong qua so
sanh gitra md hinh xdy dung trong moéi truong Matlab/Simulink va mé hinh tham
chiéu CarSim. Hai la danh gia cam giac l4i cua hé thong 1ai EPS va tinh phu hop ciia
ban do déc tinh tro lyc lai dé xuét. Dé thyc hién muc tiéu 1 can danh gia twong dong
vé thong s6 dong luc hoc. Pé thyc hién muc tiéu 2 can danh gia cam giac lai thong qua
céc chi tiéu dinh luong khach quan tir @6 mo ta chu quan tong thé vé& cam giac lai va
tinh phii hop cua ban dd dic tinh tro lyc 1ai. Can ctr va tiéu chuan ISO va tiéu chuan
GB/T, luan an lya chon céc bai thir nghiém dugc tién hanh theo sdu nhom chinh, phan
4nh day du dic tinh cam giac lai ciia ngudi diéu khién:

D
2)
3)
4)
5)

6)

Thir nghiém xtr 1y trung tim (On-centre handling test): Danh gia d6 tuyén
tinh, d nhay va tinh 6n dinh cua hé théng 1ai quanh vi tri trung tam;

Thu nghiém tin hi¢u xung (Pulse input test): Danh gid phan ung dong hoc
nhanh va d6 6n dinh khi hé thdng chiu tic dong ngin han;

Thir nghiém kha nang tra 1ai (Returnability test): Panh gia kha nang tu hoi
vi ctia vanh tay 1ai va d 6n dinh quy dao sau khi tha tay lai.

Thtr nghiém chuyen trang thai (Transition test): Danh gia kha nang phan
g ctia hé thdng khi thay d6i trang thai chuyén dong;

Thir nghiém quay vong tai chd (Steering effort test at standstill): Panh gia
md men can va cam giac lai khi van toc xe bang khong hodc nho hon Skm/h;
Thir nghiém tin hi€u budc (Step steering input test): Panh gia kha nang dap
{ing tirc thoi va d6 qua didu chinh cta hé thong;

St dung bin do dic tinh tro lie ldi Iy twéng loai phi tuyén, phong cdch ldi
thodi mdi. Chi y: Pé phdn biét két qua gitta mé hinh Simulink va mé hinh CarSim,
cdc do thi va gid tri thé hién két qua dwoc quy wée: (1) mau “Po” la Simulink, mau
“Xanh” la CarSim; (2) Ky hiéu c6 hdu 6 “s” la Simulink, hdu 6 “c” la CarSim.
4.2.2.1. Thir nghiém danh gia cdm gidc lai xir ly trung tim
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Phan tich cac chi ti€u danh gia cam giac 1ai trung tam nhu Hinh 4.3 va 4.4,
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Ddnh gid cim gidc ldi va tinh phi hop ciia bin do dic tinh tro luc ldi: DO
clng lai trung binh (0,1051 + 0,1123) [Nm/ 9, d6 clng lai tai goc lai bang khong
(0,3322 + 0,3646) [Nm/ 9, md men ma sat hé thong (1,5752 + 1,6969) [Nm], dién
tich vong tré (58,817 + 6 61,6654) [Nm. 9, ving chét goc lai tai gia téc bang khong
3,3996 [ 9, d6 déc md men lai tai gia tc bang khong (28,5964 + 30,5264) [Nm/g],
d6 dbc mo men l4i tai gia tbc bang0,1g (16,9517 + 17,8450) [Nm/g], d6 nhay goc
xoay than xe theo géc i tai tim (0,2198 + 0,2405) [(%s)/ 9, thoi gian tré goc xoay
than xe theo goc 1ai 0,0570 [s], d0 nhay goc xoay than xe theo mé men lai tai tim
(0,6003 = 0,6369) [(%s)/9 , thoi gian tré géc xoay thin xe va md men lai
(0,3394 + 0,3450) [s]. Chiéu theo bang chi tiéu danh gia cam giac lai co thé thdy
cam giac ém, muot, tuyén tinh, 6n dinh hudng cao; ban dd dac tinh tro luc 1ai phu hop
phong céch lai thoai mai; tuy con ngudng dinh nho mé men ma sat ~1,6 Nm khién xe
phan hdi chdm nhe khi déo chiéu rat nho.
4.2.2.2. Thir nghiém danh gia cdm giac lai v6i tin hiéu xung

Vi kich thich 14i xung, ban dd dic tinh tro luc 1ai cho dap ung on dinh & ca 3
vén toe. O 10 km/h, Ay, = 0,061 s~! tao tay lai ém nhung con du cong huong f, =
2,930 Hz v6i D = +5,303dB, A, = 0,112. O 50 km/h dap Gng “sach” nhét:
Ay = 0216s7! =~ A,=0,215s"" , f, = 1,221Hz va D =~ —0,030dB
0100 km/h xe van 6n dinh: Ay = 0,216, fo = 1,221 Hz va y?duy tri 0,998 — 0,857,
pha 13,9 — 64,7° trong tan s6 0,5 — 1,5 Hz giup cam giac lai du doan tbt.
4.2.2.3. Thir nghiém kha nang tra 14i

Thir nghiém kha nang tra l4i cho thdy hé l4i c6 kha nang tra 1ai va 6n dinh tot.
Tai thoi diém tha, @y = 16,247° va 1, = 4,053°/s; sau d6 dap ung suy tit nhanh
véit, = 2,245 s, dat tiéu chi 6n dinh 1, = 0,400°/s va khong vuot qua o = 0 %.
Bién d¢ con lai nhé Ay sau 3s 1a 0,361°/s; Pe, = 0,761°/s. Céc chi tiéu fo =
1,916 Hz, D = 0,863 va & = 0,301 xac nhan giam chin phu hop, cam giac lai
muot va ban d6 dic tinh trg luc 141 dap tmg yéu cau.
4.2.2.4. Thir nghi¢m danh gia cam giac 1ii chuyén trang thai

Do cung lai trung binh (0,144 + 0,159 ) [Nm/ 9, d6 clng li tai goc lai bang
khong (1,088 + 1,200) Nm/‘ﬂ d6 nhay gia toc ngang trung binh (0,011 +
0,012) [g/ 9, do nhay gia tdc ngang trung binh tai tim (0,011 <+ 0,012) [g/ 9, d6 dbc
mo men l4i tai gia toc bang khong (33,223 + 35,894) [Nm/g], 46 doc mo men 1ai tai
gia toc bang 0,1g (7,658 + 8,310) [Nm/g], d6 nhay goc xoay than xe theo goc lai tai
tam (0,219 + 0,241) [(%s)/ 9, d0 nhay goc xoay than xe theo md men ldi tai tAm
(0,28 + 0031) [(%s)/ 9. Theo bang chi tiéu danh gia cam giac l4i c6 thé thdy, tay lai
ém, it dao dong, phan tmg an toan, thién vé dic tinh “ém - chic” hon “sic - nhay”.
4.2.2.5. Thir nghiém d4nh gia cam giac 1ai quay vong tai chd

Do cling 14i trung binh (0,0016 + 0,0018) [Nm/ 9, d6 cimg 1ai tai goc 14i bing
khong (0,0014 + 0,0015) [Nm/ 9, mé men lai 16n nhat 2.5 [Nm]. Chiéu theo bang
chi tiéu danh gia cam giac lai c6 thé thay, tay lai dong déu, do nang vira phai, diém
dirng 13; phi hop thao tic dd hodc quay dau.
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4.2.2.6. Thir nghiém danh gia cam giac lai véi tin hi¢u buéc

Do vuot cua goc xoay than xe 2,484 [%], tong phuong sai van tdc xoay than xe
0,084 [s], tong phuong sai gia tbc ngang 0,089 [%], hé s6 nhay van tdc xoay than xe
0,256 [(Y/s)/ 9, hé¢ sb nhay gia toc ngang 0,0124 [g/ 9, tr& pha giita goc i va van
téc xoay than xe 0,109 [s ] Chiéu theo bang chi tiéu danh gia cam giac lai co thé thdy
phan mg nhanh, gidm chan tt, khong vot 10, xe gitt 6n dinh quy dao.

4.3. KET LUAN CHUONG

ba xdy dung hoan thién md hinh tho nghiém mé phong tich hop
Matlab/Simulink va Carsim. Tién hanh thir nghiém mé phong trén xe mau bao gom:

1.0 nhom thir nghiém diéu khién. B6 PID-FOC thé hién kha ning bam md men
chinh xac, sai s6 tinh gan bang 0, 6 qua diéu chinh thap va thoi gian dép tmg ngén.

2. O nhém kiém chirng déng e hoc. Cac két qua dinh luong gitra hai mé hinh
sai khac nho hon 10%, cic dang séng gan tring nhau, khang dinh tinh twong ddng cao.
Diéu nay khang dinh mé hinh dugc xay dung theo cau tric va tham sé hop 1y, di do
chinh xac dé (mg dung trong giai doan thiét ké, t6i wu va danh gia hé thong EPS.

Pdnh gid cam gide ldi va tinh phit hop ciia ban d6 déc tinh tro liee ldi. Tong thé,
cam giac 1ai dat tiéu chi ém diu, 6n dinh va dé& du doén, thich hop véi muc ti€u cua xe
con hang E thién vé thoai mai hon thé thao, ddng thoi cho thay tinh nht quan cao gitra
cam nhén cha quan va két qua mé phong dinh luong. Ban dd dic tinh tro lyc 1ai 1y
tuong thé hién tinh t6i wu cao, phit hop v6i muc tiéu van hanh “ém dju, 6n dinh”, phan
hdi chinh x4c. Piéu nay chimg t6 tinh phu hop cia ban dd dic tinh tro Iuc 14i Iy tuong
véi phong cach 14i thoai méi dugce ap dung cho xe mau.

KET LUAN

1. Két qua nghién ciru va cic dong gép méi

Nghién ctru xdy dung ban d6 dic tinh tro luc 1ai, thiét ké bo diéu khién hé thdng
1ai EPS trén xe con va danh gia cam gidc 1ai la hudng nghién cuu chua c6 cac cong
trinh nghién ctru chuyén séu trong nudce. Luén an thuc hién “Nghién ciru dic tinh va
diéu khién h¢ théng ldi tro lwc dién trén xe con” 13 mot dong gop méi trong nude vé
nghién ctru vé DPLH diéu khién 6 t6. Cac két qua va dong gép méi cua luan an gdm.

Vé xiy dwng bin dé dic tinh tro luc ldi ¢é 04 dong gop mdi:

1)  Pua ra phuong phép tiép can toan dién méi vé xay dung, danh gia chat lugng ban
dd dic tinh tro lyc 14i va bo diéu khién, d6 1a mot quy trinh khép kin tir khau xay
dung ban d6 dic tinh tro lyc 14i, thiét ké bo diéu khién va cubi cung 1a danh gia
thong qua cam giac 14i theo tiéu chuan ISO va tiéu chudn GB/T.

2)  Dé xuét ciu trac ban d6 dic tinh tro luc 14i hoan toan méi. C4u tric tao thanh ban
dd dic tinh tro lyc l4i gdm ba mo dun chirc ndng “Phong cach 14i”, “DLH nghich
xe” va “DLH nghich HTL”. Tir d6 c6 thé hiéu chudn cam giac l4i va thiét ké cac
phong céch 14i trén cting cdu hinh xe ma khong can tac dong dén phan cimg hoic
logic diéu khién tir d6 tich kiém thoi gian phat trién san pham, giam chi phi san
xudt. Dong thoi ¢ tinh tai st dung cho nhidu mau xe va phéan khiic khac nhau.

3)  Pua ra phuong phap tinh toan cho 04 loai ban d6 dic tinh trg lyc 1ai khac nhau.

4) Xay dung ban db dic tinh tro luc 14i 1y twong phi hop quy luat liy thira cta
Stevens va thiét ké dic tinh tro Iyuc 14i theo phong céach 1ai 1a mot dong gop moi.

Vé xiy dwng mé hinh dpng lwc hoc c6 02 déng gép méi:
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1) D dé xuit duoc cong thire xac dinh md men can mat dudng tuong ddi toan dién.
Vén @& nay thuong bi cac nghién ciru khac bo qua va chi ké thira phuwong phap
tinh toan chua day du cua cac nghién ctru cong bo trude do.

2) Xay dung mé hinh BPLH hé thdng 14i C-EPS hoan chinh tir vanh tay 1ai dén banh
xe dan hudng, trong d6 mo hinh DLH hinh thang 14i Ackermann thuc té duoc ké
dén, didu nay 1am mé hinh nghién ctru sat thuc voi két cau thuc té cia hé théng
lai déng thoi giam thiéu dugc cong viéc xac dinh cac hé s6 kho do dwoc nhu do
ctrng, dd nhét... cua hinh thang 1ai.

Vé thiét ké bé diéu khién cé 01 déng gép méi: Chién luoc diéu khién PID-FOC
cho hé thdng 14i EPS 1a mot phuong phép két hop diéu khién méi chua duge thuc hién
& cac cong trinh nghién ciru trong nudc.

Vé dinh gid cam gidc ldi cé 01 déng gép méi: Pua ra bang chi tiéu va phuong
phap thir nghiém mé phong danh gia cam giac 1ai la mot dong gop mdi cua luén an.

Vé cic két qua mo 0 phong thu dwgc khi dp dung trén xe mdu nhuw sau:

1) Pia xdy dyng MHMP tong thé tich hop Matlab/Simulink va phian mém thir
nghiém do Carsim, mo hinh c6 kha nang tinh todn, mé phong cho céc phan khuc
xe khac nhau, hoan thién mot quy trinh kép kin tir xdy dung ban d dic tinh trg
luc 1ai dén danh gia chét luong ban dd thong qua danh gia cam giac lai.

2) Di tién hanh mo phong kiém chimg ciac mé hinh PLH trén xe mau. Cac két qua
moé phong kiém chimg cho thay cac mé hinh BLH phan 4anh dang quy luat vat Iy.

3)  Pai thyc hién md phong, phan tich va danh gia bén dang dic tinh tro luc l4i gdm
tuyén tinh, da tuyén tinh, phi tuyén va hdn hop. Panh gia dic tinh tro lyc 14i Iy
tuong theo phong cach l4i cia hai loai dic tinh phi tuyén va hdn hop. Két qua thu
dugc b thong sb xay dung ban dd dic tinh tro luc 1ai trén xe mau nhu sau:

1. Logi tuyén tinh: T g, = 1 Nm; Py = 30N; Tymer(0) = 4.8Nm;

K(v) = 6.0527 — 0.0607v + 0.0003v* — 0.00001v3.

2. Logi da tuyén tinh: Tgpmin = INM; Tyq = 3.5NmM; Py = 30N; Tymaxr(0) =
48Nm ; K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v° ; K,(v) = 2.5 —
0.0607v + 0.0003v? — 0.00001v3.

3. Logi phi tuyén:

- Phong cdch ldi thodi mdi va phong cdch ldi thé thao:P gy = 30N; T gmax(0) =
4.8Nm; K; = 3.8554; K(v) = 6.0527 — 0.0607v + 0.0003v* — 0.00001v3;
Ku:[b,c, k,n] =[0.2675, 2.7646, 0.4442, 4.5357].

- Phong cdch da mirc: Ppay = 30N; Tgnax(0) = 4.8Nm; Ky = 3.8554; Ty, =
3.5Nm; v,q = 110km/h; Ty, = 2.5NM ; K(v) = 6.0527 — 0.0607v +
0.0003v? — 0.00001v3 ; K2(v) = 2.5(110/3,6)/v — 0.0606v + 0.0003v% —
0.00001v3; K,: [b, ¢, k,n] = [0.2675, 2.7646, 0.4442, 4.5357].

4. Logi hén hop:

- Phong cach ldi thodi mdi va phong cach lai thé thao: Pogy = 30N; T ymax(0) =
4.8Nm; K; = 3.8554; K(v) = 2.5 — 0.0607v + 0.0003v> — 0.00001v3;
K1(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;

Ka:[b,c, k,n] =[0.2675, 2.7646, 0.4442, 4.5357].

- Phong cdach da mikc: Ppgy = 30N; T gpar(0) = 4.8Nm; Ky = 3.8554; Ty, =
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3.5Nm; v,q = 110km/h; Ty, = 2.5NM ; K(w) =25 —0.0607v +
0.0003v? — 0.00001v3; K1(v) = 6.0527 — 0.0607v + 0.0003v% — 0.00001v3;
K2(v) = 2.5(110/3,6)/v — 0.0606v + 0.0003v* — 0.00001v3;
K.:[b,c, k,n] =[0.2675, 2.7646, 0.4442, 4.5357].

2. Nhirng han ché, thach thirc va dinh huwéng nghién ciru tiép theo

Mot s6 thach thie ciia phuong phap dé xuét can tiép tuc phat trién gdm:

- (1) Trong phuong phap dé xuat, (n) c6 thé thay dbi khi didu kién 14i thay ddi,
gitlta cac loai xe khac nhau hodc theo sé thich nguoi 1ai, lam suy giam d¢ chinh xac
ctia mo hinh khi 4p dung rong rii. (2) Mic di phuong phap di xét anh huéng van tde
va cac thong sd cau hinh xe thong qua cac tham sé K, Ky, K(v), nhung mé hinh van
chua phan anh day du bién thién diéu kién mat duong, tai trong xe va sai léch nhan
thirc ctia nguoi 1ai. Néu cac nghién ctru thye nghiém cho thiy (n) thay do6i dang ké
theo kich ban van hanh, thi lap luan ring khong ton tai mot ham duy nhat mo ta nhan
thirc s& tré nén phit hop hon trong trudng hop nay. Do d6, hudng nghién ciru tiép theo
can tinh chinh mé hinh béng cach xay dung da ban dd dac tinh tro luc 14i theo cac
ving vén tdc, dong thoi tich hop yéu t6 tai dong va bién thién hé sé bam dé nang cao
tinh ing dung thyc tién.

- Ngoai ra, cac két qua nghién ctru méi dimng lai & mé phong va thir nghiém mé
phong, viéc thiét k& va thuc hién céc thi nghiém thyc té nham kiém ching hiéu qua
ctia phuong phép dé xuat 1 mot huéng nghién ctru can thiét trong twong lai.
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