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Symbol Unit Thong so Parameter
My Mg [Nm] M6 men lwc quan tinh cla Moment of inertia of
Mg, M ls, lg, 17, lg Is, 16,17, 1g
M6 men tac dung lén vanh .
T, [Nm] tay I4i (M6 men 14i) Driver torque
T i [Nm] M6 men tai diém chuyén tiép Transition point torque
T [Nm] M6 men lai toi thiéu dé tro Minimum driver torque to
dmin lwc kich hoat activate the assist motor
T gmax [Nm] M6 men lai 1&n nhit Maximum driver torque
T 4max(Vi) [Nm] M6 men l4i 16n nhét tai v, Maximum driver torque at v;
M6 men li I6n nhittaiv = Maximum driver torque at
T amax(0) [Nm] o e
M6 men lai khi tro luc kich Steering torgue vyhen assist
T jar [Nm] hoat (dic tinh phi tuyén) motor is activated
' ' P Y (nonlinear characteristic)
T [Nm] M6 men tai thoi diém tro lwc | The torque when the power
drq duworc kich hoat steering is activated
T (Nm] M6 men tai diém chuyén ti€p | Transition point torque (mix
mt (dac tinh hon hop) characteristic)
T, [Nm] Mo men tro luc lai Assist torque
T gus [Nm] M6 men trg luc 1ai thuc té Actual assist torque
T arq [Nm] M6 men tro luc 1ai yéu ciu Required assist torque
T ymax [Nm] M6 men tro luc 1ai 1én nhat Maximum assist torque
T, [Nm] M6 men tro lwc dong co dién Assist motor torque
M6 men tro lwc dong co dién .
T s [Nm] thre t& Actual assist motor torque
T, [Nm] M6 men can quay cua duwong Road reaction torque
MO men can quay banh xe Right wheel road reaction
Trr [Nm] An hAT
bén phai torque
MO men can quay banh xe Left wheel road reaction
T [Nm] bén trai tor
que
T,q [Nm] M6 men can ngiu nhién Random resistance torque
T, [Nm] M6 men tai Load torque
T, [Nm] M6 men cam bién do duoc Sensing torque
n FT Lwc can quan tinh phap Normal and tangential
(i [N] tuyén va ti€p tuyén cia cic | inertial resistance forces of
=5+8) khau ls, lg, 17, lg the links 15, 1¢, 17, Ig
Fy4, N, F . . X
FT pn pT Cac phan luc phap tuyén va Normal and tangential
a E;LT ’ [N] tiép tuyén ctia thanh ring va | reactions of the rack and at
DD tai cickhdép A,B, D, E the joints A, B, D, E
B Fg
FewFey CAc phan luc theo phwong Reaction force.s in the OX
FoF [N] OX vA OY tai cAc khéo C.E and OY directions at the
Fo = Fy ' P joints C,E
F Phan luc quy din 1én thanh | Reaction force applied to the
req [N] ran k
g rac
Fr; [N] Phan luc tiép tuyén (lwc doc) Longitudinal force
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& cac banh xe

Phan lwc phap tuyén (luc

Foi [N] ngang) & cac banh xe Lateral force
F, [N] Phan luc th,ang dimg & cac Vertical force
banh xe
Phan lyc ti€p tuyén (lwc doc) Longitudinal force at the
Frs [N] . .
O truc truéc front axle
F V] Phan lyc ti€p tuyén (lwc doc) Longitudinal force at the
i ¢ truc sau rear axle
Phan lwc phap tuyén (luc Lateral force at the front
Fuy [N] 0 : .
gang) & truc trudc axle
Phan Iyc thang dirng & truc | Vertical (normal) force at the
Ff [N] >
trudc front axle
P (V] Phan Iyc thang dirng & truc | Vertical (normal) force at the
“r sau rear axle
p V] Lwc 16n nhat tic dung 1én Maximum force acting on
max vanh tay lai the steering wheel
7 V] Trong lwong phan bé truc Front axle weight
f truéc distribution
7 V] Trong lwong phan bé truc Rear axle weight
" sau distribution
ar [Rad] Géc léch ngang cua 16p trwée Front tire side slip angle
ag [Rad] Gocléch nga?l% ;:ua 10p truce Left front tire side slip angle
a, [Rad] Go6c 1éch ngang ctia 16p trwéce Right front tire side slip
phai angle
a, [Rad] Goc léch ngang cua 16p sau Rear tire side slip angle
a; [Rad] Goc 1éch ngang cta 16p thiri The i™ tire side slip angle
B [Rad] Go6c 1éch than xe Vehicle side slip angle
04 [rad] Goc quay Va}gg tay lai (goc Steering column angle
G&c quay cua truc dong co .
Om [rad] tror Iure Asissist motor shaft angle
G&c quay cua truc rang co ..
©p [rad] Aul4i Pinion angle
Owr [rad] Goc quay Cgi;anh xe bén Right wheel angle
Owi [rad] Goc quay Cli?éli)anh xe bén Left wheel angle
Qs [rad] GOc quay cua thanh day s I link of angle
O [rad] Goc quay cual don quay bén I, link of angle
6
©7 [rad] Géc quay cua thanh day [, 1; link of angle
s [rad] Goc quay cual don quay bén I link of angle
8
0, [rad] GO&c quay truc ro to Rotor angle
4 [Rad] Géc quay than xe Vehicle yaw angle
d; [Rad] Goc quay banh xe dan hwdng Steer angle
Yo [Rad] Goc kingpin Kingpin angle
Y. [Rad] G6c camber Camber angle
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Khoang cach giita thanh rang
va truc dan huwéng

Distance between rack and
front axle

Chiéu cao trong tam khoi
lwong khong treo truc sau

Rear axle unsprung mass
centre height

Chiéu cao trong tam khoi
lwong khong treo truc trudc

Front axle unsprung mass
centre height

Chiéu cao trong tim Khéi
lwgng dworc treo truc trudc

Front axle unsprung mass
centre height

Chiéu cao trong tim Khéi
lwgng dworc treo truc sau

Rear axle sprung mass
centre height

Chiéu cao trong tam khoi
lwgng dworc treo

Sprung mass centre height

Chiéu cao trong tim Khéi

Sprung mass centre to roll

Ban kinh vanh tay lai

Steering wheel radius

Ban kinh truc rang

lwong dwoc treo dén truc lac axis height
Chiéu dai co s& xe Wheelbase
m] Chiéu dai thanh hinh thang | Ackermann links length (i =
ldi i=5+8) 5+ 8)
m Khodng cac,h tam hai try Distance between kingpins
ding

m bo 1éch sau Tire pneumatic trail
m Do léch trudce Kingpin forward indicator
m Do 1éch tong cong Total offset
m Chiéu cao tAm lic truc trwéc | Front axle roll centre height
m Chiéu cao tAm lic truc sau Rear axle roll centre height
m Ban kinh banh xe Wheel radius
m Ban kinh banh xe Wheel radius
m
m

Pinion radius

Vét banh xe trudc

Front wheel track

3 |3

Vét banh xe sau

Rear wheel track

Toa do theo truc OX cuia cac
tam banh xe

Ox-axis distance of the axle
number i from the mass
centre

Toa do theo truc OX ciia banh
xe truc trwdc

Ox-axis distance of the front
axle from the mass centre

Toa do theo truc OY ciia banh
xe truc sau

Oy-axis distance of the rear
axle from the mass centre

Khoang cach trong tim khai
lwgng dwoc treo dén truc
trudc

Distance of sprung mass
centre to front axle

Khoang cach trong timkhoi
lwgng dwgc treo dén truc sau

Distance of sprung mass
centre to rear axle

Toa do theo truc OY cua cac
tam banh xe

Oy-axis distance of the axle
number i from the mass
centre

Dich chuyén cta thanh rang

Rack position

Ban kinh quay vong

Turning radius

Khoéi lwong 6 t

Vehicle mass

Khoi lwgng truc lai

Column mass

Khoi lwgng truc déng co tror

Motor mass
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lwc

Khoi lwong cta truc rang co

m, [kg] A l4i Pinion mass
m, [kg] Khoi lwong clia thanh rang Rack mass
M6 men quan tinh ttr thanh : :
< X1 2 x_ _w | Frontaxle inertia converted
Myeq [kg] rang dén banh xe quy dan ve
< to rack mass
thanh rang
My, Ms, My [kg] Khéi lwong cta ly, Is, lg, 17, Ig I5,lg, 17,13 mass
mz, Mg
m; [kg] Khoi lugng pha}n bo 1én truc Front axle mass
truéc
m, [kg] Khoi lwong phén b6 1én truc Axle mass
m' [kg] Téng khéi lwgng dwoc treo Total sprung mass
m' kg Khoi luong du:(_)'c treo truc Front axle mass
truéc
m, [kg] Khoi luong i:flqc treo truc Rear axle mass
m" [kg] Tong khoi lwgzg khong dugc Total unsprung mass
" Khéi lwong khong treo truc
m's [kg] rubC Front axle unsprung mass
m", [kg] Khoi luong lillgng treo truc Rear axle unsprung mass
Ja [kgm?] M6 men quan tinh truc lai Colunm inertia
Im [kgm?] Mo men quapAtmh dong co Motor inertia
dién
I lkgm?] Mo men qudn tinh cua truc Pinion inertia
rang
M6 men quan tinh thanh :
]5!]6!]7!]8 [kng] l ql I 1 Inertia of 15' 16; 17, 18
5% %7,°8
Jw [kgm?] M6 men quan banh xe Wheel inertia
M6 men quin vime bidn Inertia of the lateral
Jr [kgm?] dane nean qcﬁa 16 l?én hai deformation zone of the
g Ngans P p right tire
M6 men quin vime bidn Inertia of the lateral
J, [kgm?] quanving bIen 1 4o formation zone of the left
dang ngang cua 16p bén trai tire
/2 [kgm?] M6 men quan tinh xe Vehicle moment of inertia
B, [N/m] Masat can 11"151};10; cta thanh Rack viscous friction
B [N/m] Ma sét can nhét quy dan tir Equivalent viscous friction
red banh xe vé thanh ring from wheel to rack
A A . Front axle suspension
Copr [N/m] b0 clrng hé treo truc truéc stiffness
N Rear axle suspension
Cspr [N/m] Do clrng treo truc sau stiffness
K [N/m] Do ctrng quy dan tir banh xe | Steer tire stiffness converted
red vé thanh ring to rack stiffness
K- [N/m] Do clrng cda thanh diy Is I5 link of stiffness
K¢ [N/m] D6 clrng ciia don quay bén ¢ lg link of stiffness
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K- [N/m] Do clrng cda thanh day [, 1; link of stiffness
Kg [N/m] D6 clrng ciia don quay bén g lg link of stiffness
F, [N/m] Ma sat kho cda thanh rang Rack dry friction torque
K, [N/m] Do cirng cua thanh rang Rack stiffness
Coxf [Nm/rad] Do cung gO(tIrIllrgglcl eng tryc xe Front axle roll angle stiffness
Coxr [Nm/rad] Do cung gocsr:ihleng tryc xe Rear axle roll angle stiffness
Cyy [Nm/rad] P06 clrng géc nghiéng truc xe Axle roll angle stiffness
M, [Nm/rad] Ma sat kho cuda truc lai Column dry friction torque
M [Nm/rad] Ma sat kho cda truc dong co Assist motor dry friction
mn tro lwc torque
M, [Nm/rad] Masat khoc(;?lal;uc rang co Pinion dry friction torque
A x o . x Tire lateral stiffness
K, [Nm/rad] Hé s0 clirng ngang cua lop coefficient
A . 1w . | Front tire sideslip coefficient
K
af [Nm/rad] P06 clrng ngang cua 16p truédre (lateral stiffness)
A 1w Rear tire sideslip coefficient
K, [Nm/rad] D0 clrng ngang cua 16p sau (ateral stiffness)
K, [Nm/rad] Do clrng cla hé thong lai Steering system stiffness
K, [Nm/rad] D0 clrng cua truc 1ai Steering column stiffness
Kn [Nm/rad] Do ctimg cua glic dong co tro Assist motor shaft stiffness
K, [Nm/rad] Do climg cua tll;:C rang co'cau Pinion stiffness
v [m/s] Vén tdc 6 to Vehicle speed
vy, [m/s] Van toc nhay cam cua xe Vehicle characteristic speed
) NP P Front and rear wheel
V§ Uy [m/s] Van téc banh xe trwéc va sau longitudinal speeds
a, [m/s?] Gia tOc ngang Lateral acceleration
B, [(Nm)/(rad/s)] | Masatcan nhét cua truc lai Steering cc.)lu.mn viscous
friction
Ma sat can nhét cua truc Assist motor shaft viscous
B [(Nm)/(rad/s)] dong co tro luc friction
Ma sat can nhét cda truc
p [(Nm)/(rad/s)] Fing co ciu l4i Pinion viscous friction
D, [(Nm)/(rad/s)] He 6 nhot V?;iheu cta truc Steering column damping
D, [(Nm)/(rad/s)] Hé s6 nhot N atlicu cua truc Assist motor shaft damping
dong co
D, [(Nm)/(rad/s)] HE s6 nhot :gltlgeu cuatruc Pinion damping
D, [(Nm)/(rad/s)] Hé s6 nhot Vfé’lcligeu cua thanh Rack damping
D.r [(Nm)/(rad/s)] | Hé s6 nhot vatliéu caa l6p Wheel tire of damping
D¢ [Nm/(m/s)] He 56 nhét ggfll;eu don quay lg link of damping
6
D, [Nm/(m/s)] HE s nhot \(;%,;hleu cua thanh 1; link of damping
7
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Hé s6 nhét vat liéu don quay

Dg [Nm/(m/s)] ban I lg link of damping
8
p [kPa] Ap sudt tiéu chudn cda I6p Tire standard pressure
R, [02] Dién tré cudn Stator Stator resistor
L [mH] Do tir cdm Stator Stator coil inductance
Loy L [mH] P06 tir cam Stator theo truc Stator coil inductance on
e (d—q) (d—q)
U [V] Dién thé Stator Voltage of stator
DPién ap cudn day stato theo _
Usg, Usq [V] truc (d — q) Voltage of stator on (d — q)
igt [A] Dong dién Stator Stator current
lsar Usq [4] Dong dlen(gtit(;; theo tryc Stator current on (d — q)
Qs [Wb] Tur thong Stator Stator magnetic linkage
Tw thong Stator theo truc Stator magnetic linkage on
) Wb )
Psa (psq [ ] (d _ q) (d - CI)
Qf [Wh] Lién két tir r6 to Rotor magnetic linkage
Lién két tir rd to theo truc -
Psd> Psq [Wb] (d—q) Magnetic linkage on (d — q)
A e i o oan Rotor mechanical angular
Wy, [Rad/s] Van toc goc cua dong co velocity
Toc d6 goc dién cta hé truc | Electrical angular velocity of
We [Rad/s] (d—q) the d—q reference frame
Dn SO cdp cuwc cia dong co Number of motor pole-pairs
Ki(v) Hé s6 khuéch dai tro luc Power assist gain coefficient
K(0) Hé s6 khuéch dai tro lwc khi | Power assist gain coefficient
0 td quay vong tai cho when turning in place
fw, Ty Ham s6 khuéch dai tro luc Power assist gain funtion
Hé 56 bédm (ma sat) Adhesion coefficient
H ' (friction)
n Hiéu suit hé thong lai Steering system efficiency
i Ti s6 truyén co ciu lai Steering gear ratio
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Ky hiéu Chu giai Notes
ABS Hé thong phanh chéng bé cirng Anti - Lock Brake System
ACC Gia toc Acceleration
ADAS Hé théng ho tro ngudi l4i tién tién Advanced driver-assistance system
ADRC Kiém soat tir chdi nhiéu loan tich cwc  Active Disturbance Rejection Control
AEB Hé théng phanh tw dong khan cip Automatic Emergency Braking
AFLS Chiéu sang phia trwéc thich &ng Adaptive Front-lighting System
ANC biéu khién phi tuyén thich nghi Adaptive nonlinear control
ANFIS Hé thong suy luér,l m¢ than kinh thich Adaptive neural-fuzzy Inference
rng system
BAS Hé thdng ho tro phanh khan cip Brake Assist System
BMS Hé théng quan ly pin/ac quy Battery management system
BS Phwong phap backstepping Backstep
BSM Hé thong gidm sit;f\;é canh bao diém Blind Spot Monitoring
BSPID Bo diéu khién Backstepping-PID Backstep - Propor‘gonal integral
derivative
CAN Mang diéu khién khu vuc Controller area network
CS CarSim CarSim
CBMM Can bang mo6 men Moment balance
CBMMTTT Can bang mo6 men tai trong tAm Moment balance .at the centre of
gravity
C-EPS HE thong lai tro;}ﬂgg {jé:ien tac dong vao Column electric power steering System
CFD Pong lwc hoc chit Iwu tinh todn Computational fluid dynamics
PLH Pong luc hoc Dynamic
DMC biéu khién ma tran déng Dynamic matrix control
DOF Bac tu do Degrees of freedom
DP-EPS Hé théng tro lwc 1ai dién hai truc rang Dual-pinion elg}c,zl;lecni)ower steering
MAPE Sai s6 phan tram tuyét ddi trung binh Mean absolute percentage error
MAX Sai s6 16n nhat Maximum absolute error
MEAN Sai s6 trung binh Mean absolute error
EBD Hé théng phan b6 lyc phanh Electronic brake force distribution
ECU Bo diéu khién dién tir Electronic Control Unit
EPS Hé thong lai tro lwc dién Power steering system
EPSapa Hé th6ng~tr(_r lwc léj dién v&i b0 servo  Electric power steering system with
dan dong bang day dai belt drive servo Unit
ESP Hé théng can bang dién ti Electronic Stability Program
ESS Hé théng canh bao phanh khan cip Emergency Signal System
FEA Phén tich phan ti& hitu han Finite element analysis
FEM Phwong phap phan ti hiru han Finite element method
FOC biéu khién theo hwéng treong Field-oriented control
FWC Hé thong canh bao va cham Forward-Collision Warning
GTLT Gia tri ly twéng Ideal value
GT/T Tiéu chuin quéc gia trung quoc Natlonai)s(;t;ilt()il?z((i) F (f:}t;}ilr(:aPeople >
HDC Hé thdng hd tro xudéng déc hay dé deo Hill Descent Control
HIL Phén cirng trong vong lap Hardware in the Loop
HSAC Hé théng ho tro khéi hanh ngang déc Hill-start Assist Control
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HTL

Hé théng lai Steering system
IDE Tién héa vi phan cai tién Improved differential evolution
ISO T6 chirc tiéu chuin héa quoc té International or.gani.zation for
standardization
KQMP Két qua mo6 phdng Simulation results
LIN Mang lién két cuc bd Local interconnect network
LPV B6 diéu khién thz;};l ;1101 tham so tuyén Linear parameter-varying
LQR B0 diéu khién t6i wu tuyén tinh binh Linear quadratic regulator
phwong
MHDH M6 hinh dong hoc Kenitic model
MHDLH Mo hinh déng lwc hoc Dynamic model
MHMP M6 hinh mé phéng Simulation model
MIL Mo hinh trong vong lap Model in the Loop
MPC B0 diéu khién mé hinh duw doan Model predictive control
MPC Diéu khién dw bdo m6 hinh Model predictive control
MRAC Diéu khién thli}}llsglu bam mo hinh Model reference adaptive control
NDO Bd quan sat nhiéu phi tuyén Nonlinear disturbance observer
PAS Hé théng hd tro dd xe Parking Assist System
PCA Phén tich thanh phan chinh Principal component analysis
PID B0 diéu khién dao ham tich phan ty 1& Proportional integral derivative
PMSM Pong co dong bé nam chdm vinh ciru Permanent magnet synchronous motor
PWM biéu ché do6 rong xung Pulse width modulation
R&D Nghién ctru va phat trién Research and development
RD-EPS Hé théng tror 1}_rc 14i dién dan dong truc Rack direct drive electric power
tiép thanh rang steering system
RP-EPS Hé théng tro lwc 14i dién dan dong bang Rack parallel electric power steering
day dai system
RMSE Can bac hai cua trung Abinh binh phuong Root mean square error
sai sO
RTC Tré vé trung tim Return-to-centre
SAT mo men lai tw can chinh Self-aligning torque
SBEM Thit nghiém mé phéng Simulation baseq engineering
modeling
SBW Hé thong lai bang day dan Steer by wire
SIL Phin mém trong vong lap Software in the Loop
SMC B0 diéu khién truot Sliding mode controller
SML Simulink Simulink
SP-EPS Hé thong lai tro luc iiién tdc dong vao Single pinion electric power steering
truc rang system
SRS Hé thong tui khi trén 6 td Supplemental Restraint System
SS Hé thong lai Steering system
STR Ty 1é thoi gian truot Sliding time ratio
SWA Gé6c quay vanh tay lai (Géc 1ai) Steering wheel angle
SWT M6 men lai Steering wheel torque
TFC Hé thong kiém soat luc kéo Traction Control System
VHDM M6 dun dong lwc hoc diéu khién xe Vehicle handling dynamics module
WFNN-AMF

thanh vién bat déi xirng

Yaw Van téc xoay than

Mang no-ron mo wavelet st dung ham A wavelet fuzzy neural network using

asymmetric membership function

Yaw rate
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MO PAU

Trong nhitng nim gin day, cung v&i su phat trién manh m& cta khoa hoc - cong
nghé, nganh cong nghiép 6 t6 da va dang c6 nhitng thay doi cin ban vé cdu trac va
phuong thirc thiét ké hé thong. Cac hé thdng co khi truyén thong dan duoc thay thé boi
cac hé théng co dién tir va diéu khién dién t&r nham nang cao hi¢u suét, do an toan va tién
nghi ctia phuong tién. Sy két hop giita co cAu chap hanh dién, cam bién va b didu khién
dién tir cho phép cac hé thong trén 6 to khong chi thyc hién chic ning co ban ma con cé
kha ning diéu chinh linh hoat theo diéu kién van hanh va yéu cdu cua nguoi st dung.
Trong bbi canh d6, nghién ctru cic hé thong co dién tir trén 6 t6 ¢6 ¥ nghia quan trong ca
vé mit khoa hoc va thyc tién.

Hé thdng 14i 1a mot trong nhitng hé thdng co ban va quan trong nhit cta 6 to, giit vai
trd quyét dinh dén kha nang diéu khién va on dinh chuyén dong cta 6 t6. Trén co sd phat
trién cua cong ngh¢ co dién tir, hé théng lai trg luc dién EPS (Electric power steering) da
duoc nghién ctru va tmg dung ngdy cang rong rai trén 6 to con thay thé cho cac hé théng
tro luc thuy luc truyén théng. So véi hé théng trg luc thuy luc, EPS ¢6 uu diém vé tiét
kiém nang luong, gidm ton that cong suét dong co, két cAu gon nhe va thuén 1gi cho viéc
diéu chinh, t6i vu thong qua phan mém diéu khién. Bén canh d6, EPS con tao diéu kién
tich hop vé&i cac hé thong an toan chii dong va hd tro 14i, gop phan nang cao mirc do an
toan va tién nghi cua 6 t6 hién dai.

Theo Vién nghién ctru Yano, quy mé thi truong EPS toan cau nam 2021 dat 64.716
nghin chiéc tinh theo sb luong lip dit trong san luong xe va du bao co thé ting 1én
98.645 nghin chiéc vao nam 2035 [1], trang bi EPS trén xe con nam 2020 chiém gan 65%
va du bao 75% vao nam 2028 [2]. Cac sb lidu nay cho thay EPS co trién vong ting
trudng manh, duogc thic déy boi tién bd cong nghé, nhu cau xe tiét kiém nhién liéu va

qua trinh dién hoa, ty dong hoéa phuong tién.

Song song v&i su phat trién va tng dung ngdy cang rong rdi cua hé théng 1ai trg luc
dién, van dé chat lugng cam giac l4i tré thanh mot yéu cau mang tinh ban chét va cép
thiét. Cam giac 1ai 1a chi tiéu quan trong phan anh muac do phu hop cua hé thong lai d6i
v6i ngudi diéu khién, anh huong truc tiép dén kha ning kiém soat xe, on dinh chuyén
dong va an toan van hanh. Do EPS tac dong truc tiép 1én hé thong lai thong qua md men
diéu khién ciia dong co dién, nén néu dic tinh tro luc 14i va chién lugce diéu khién khong
dugc xay dung mot cach khoa hoc, hé théng ¢ thé 1am suy giam phan hoi e tir mat
duong, tao cam giac l4i thiéu ty nhién va lam giam do chinh xac diéu khién. Thyc tién
cho thdy cam giac 1ai ctia hé thong EPS khong phai 1a yéu t6 cam tinh don 1é ma l1a két

qua tong hop cua nhiéu thanh phan, bao gdm dic tinh tro luc 14i, chat lwong diéu khién




mo men cta dong co tro luc, kha niang bu ma sat va nhiéu, ciing nhu logic diéu khién
theo trang thai van hanh cua xe. Vi vay, nghién ctru xay dung dac tinh trg lyc lai 1y tuwong,
thiét ké diéu khién phu hop dé hién thuc hoa dic tinh d6 va danh gia cam giac 1ai trén co
so cac chi tiéu dinh luong 13 yéu cau cip thiét d6i voi hé thong lai tro Iyc dién trén 6 to.
Nhu vay nghién ciru vé hé thong 1ai EPS 1a can thiét, c6 nhiéu du dia phat trién trong
tuong lai, dic biét nghién ctru vé xay dung dic tinh tro luc 13i Iy tudng, thiét ké bo diéu
khién t6i wu va danh gia cam giac lai cia hé thong 1ai EPS, nham cai thién cam giac lai
cho hé thong 14i nay 1a huéng nghién ctru dang duoc chu trong hon ca.

Trong nhimg nim gan day, nhiéu cong trinh nghién ciru trong va ngoai nudc da tap
trung vao mo hinh héa, diéu khién va toi vu hé thong l4i tro luc dién nham giai quyét cac
van dé néu trén. Xu hudng chung cua cac nghién ciru 13 xay dung dic tinh trg lyc 1ai hop
1y dé bao dam su can bang gitra luc diéu khién nhe nhang va kha ning phan hoi thong tin
tir mat duong, dong thoi chu trong thiét ké bo diéu khién cho co cdu chap hanh cia EPS,
dic biét 1a diéu khién mo men cua dong co dién, nham hién thyc hoa chinh x4c cac dic
tinh tro luc lai da dé xuat. Bén canh d6, cac phuong phap danh gia cam giac 1ai dya trén
cac chi tiéu dinh lugng ngay cang dugc quan tdm, gbp phan nang cao tinh khach quan va

kha ning so sanh trong qua trinh nghién ctru va phat trién hé thong EPS.

Mic du d3 c6 nhiéu két qua nghién cuu, viéc tiép can hé théng 141 tro luc dién theo
hudng tf)ng thé, gén két chat ché gifra dac tinh trg luc 1ai, diéu khién hé théng va danh gia
cam giac lai van con nhitng han ché nhat dinh. Dic biét, dbi vai xe con, yéu ciu vé cam
giac 1a1 ém diu, chinh xéac va on dinh trong cac diéu kién van hanh khéac nhau doi hoi phai

c6 nhiing nghién ctru chuyén sau va phu hop véi dac diém st dung thuc te.

Xuat phat tir nhimg yéu cau néu trén, ludn 4n lwa chon dé tai “Nghién ciru diic tinh
va diéu khién hé théng ldi tro lwc dién trén 6 té con”. Muyc tiéu cta luan an 13 nghién
ctru xdy dyng dic tinh tro Iyc 1ai, thiét ké diéu khién va danh gia cam giac 1ai hé thong lai
trg luc dién, trong do chu trong dén viéc xay dung dac tinh tro luc 1ai ly tuéng va danh
gia cam giac 1ai cua hé thong tro lyc dién. Két qua nghién ctru cta ludn an gdp phan bd
sung co s khoa hoc cho viéc thiét ké, diéu khién va danh gia h¢ théng lai tro luc dién,
ddng thoi co thé 1am tai liéu tham khao phuc vu nghién ctru, giang day va ing dung trong

thyc tién do1 voi hé thong 1ai trén 6 t6 con.




CHUONG I: TONG QUAN VAN PE NGHIEN CUU

1.1. TONG QUAN VE HE THONG LAI CO TRGQ LUC VA HE THONG LAI CO DIEU
KHIEN TREN O TO

Qua trinh phat trién cac hé thong 1ai (HTL) trén 6 t6 duoc bat dau tir hé théng 14i co
khi sau d6 phat trién qua hé thong lai trg luc thiy luc, hé thong lai trg luc thiy luc diéu
khién dién, hé thong 1ai EPS, hé thong 14i tich cuc, hé thong lai bang diy dan SBW (Steer
by wire), hé théng lai ty dong theo tién trinh phat trién nhu Hinh 1.1.

HTL CO KHI , HTL TRO' LYC THUY
MECHANICAL STEERING—{ ™" T_ﬁ% ﬁSSIHUY —>{ LUC DIEU KHIEN DIEN
SYSTEM - TC (EHPS)
HTL TU BONG . A HTL TRO LUC DIEN
HTL BANG DAY & HTL 7 LYCDI;
AUTOS':’\'(ASTT'EMD RIVE 1€ ticH cuc sBw-ass) €] (EPS)

Hinh 1.1. So dé tién trinh phdt trién ciia hé thong ldi
1.2. HE THONG LAI EPS TREN O TO
1.2.1. Khai quat vé hé thong lai EPS

Vanh tay lai Tin hiéu danh lai
Streering wheel Driver input

Power streering
DPong co dién
Motor
Cac cam bién

Truc riang / Sensors

1 Tro lwce lai

M6 dun diéu khién
Control module

Truc lai
Column

Co cau lai
Steering gear

Pinion
Banh xe trai Thanh rang Banh xe phai
Left wheel Rack Right wheel

Hinh 1.2. So d6 hé théng lii EPS

Hé théng 1ai EPS 1a hé thong b tro Iyc cho hé thdng 1ai giup nguoi 1ai duy tri hay
thay d6i hudng ctia 6 t6 mot cach dé dang. Hé thong 1ai EPS khong chi mang lai su linh
hoat cho xe khi van hanh ma con dem lai cadm gidc thodi mai, an toan cho nguoi diéu
khién. Bén canh d6 hé théng 14i EPS con han ché t6i da murc nhién liéu tiéu hao, dé dang
béo tri, stra chita va dem dén cong nang vugt troi hoan toan so voi cac hé théng tro luc lai
con lai. Cung véi sy nghién ctru, phat trién lién tuc qua cac nam, hé thong lai EPS ngay
cang dugc nang cap, cai tién dé thich nghi voi nhiéu dong san pham, nhiéu diéu kién van
hanh khac nhau. Tuy thudc vao muc dich sir dung, tinh nang dugc tich hop, cac diéu kién
chuyén dong cia 0 t6 va tac dong cta ngudi lai xe dén vanh 1ai thi mo to dién s& cung




cAp mot md men bo trg tic dong vao truc lai C-EPS (Column electric power steering
System) vao truc rang SP-EPS (Single pinion electric power steering system), hay thanh
rang DP-EPS (Dual-pinion electric power steering system), EPSapa (Electric power
steering system with belt drive servo Unit) hay con goi 1a RP-EPS (Rack parallel electric
power steering system), RD-EPS (Rack direct drive electric power steering system).

1.2.2. H¢ thong lai C-EPS

Heé thong 14i C-EPS 14 hé thong 1ai EPS c6 thiét ké bo tro luc nam trén tryc l4i, ngay
sau phia duéi vanh tay 1ai va phia trén cua tryc trung gian, dong co dién trg lyc cung cap
mo men hd tro tic dung 1én truc 14i théng qua hop giam tdc truc vit-banh vit. Hé théng
nay dugc trang bi trén cac phuong tién hang nhe va trung nhu 6 t6 con, mdé men hd tro
cia dong co dién duogc ting 1én nhiéu 1an khi truyén qua hop giam téc truc vit-banh vit
cua bo tro luc va khi truyén qua co ciu lai. Cac bd phan chinh ctia h¢ théng lai EPS gém:
cam bién gbc 1ai, mé men truc 1ai, goc quay dong co dién..., dong co dién va bo diéu
khién ECU (Electronic control unit).

Steering — ( ‘?/) CB téc ECU Véﬂﬂmfga“}:i]é!
Whew do xe High Low ECU CB mé men
Vahitlespead E % Torqua sensor
VVanh sanesr ] veltage voltage 3
tay lai T CcB T [+

e mé men

Co cau lai

Steering Mechanism

Co cau lai z 2
Hinh 1.3. Cau tao hé thong lai C-EPS [3], [4]

Dau két noi

Stator day cuon \

L &i rotor voi nam hida
cham vinh ciru
Hinh 1.4. Ciu tgo dpng co dién tro lwc PMSM [5]

Pé dam bao duoc cong suét trg luc can thiét trén bd trg luc dién sir dung loai dong
co dién dong bd nam cham vinh ctru (PMSM), n6 bao gdm o to, stato, truc chinh va co
ciu giam tdc. Co cau giam tbc bao gom tryc vit va banh vit, m6 men do r6 to dong co
dién tao ra duogc truyen t61 co ciu giam toc sau do duoc truyén t6i truc 1ai chinh. Tryc vit
dugc d6 trén cac 6 d& dé giam do On va tang tudi tho lam viéc, khép ndi dam bao cho
viéc néu dong co bi hu hong thi truc lai chinh va co cAu giam tdc khong bi khoa cung lai
va hé théng 14i van c6 thé hoat dong duoc.

Cam bién mo6 men truc 14i 1a phﬁn tor trung tadm cua h¢ théng tro luc lai di€n, co




nhiém vy do mdé men do ngudi 1ai tic dung 1én vanh tay 1ai dé cung cap tin hiéu diéu
khién cho ECU EPS. M6 men lai dugc truyén tir vanh tay 14i qua tryc 1ai chinh téi truc so
cap ciia cam bién. Trén truc so cap b tri hai vong phat hién, trong khi mot vong phat
hién khac duoc lap trén truc thir cap; hai truc nay dugc lién két bang mot thanh xoéan, cho
phép bién dang dan hoi ty 1é vdi md men lai.

Truc lai chinh T truc lai

Cam bién

A Truc so cap
moémen

Vong phat hién 1

tat— Cudn day bu

___\/ong phat hién 2

—Cubn day phat hién
Vong phat hién 3

Truc the cap

Tl co cau lai

STV tri trung gian
A Khi di trén
[ duwéng thang

Ve
/ ﬂ._l-l
# Mémen
= [Nm]
Quay 4= MO mentroluc Quay
sang trai va chiéu quay sang phai

Hinh 1.5. Ciu tgo cim bién mé men quay tryc ldi [6]

Céc vong phat hién sir dung cudn day khéng tiép xtc tao thanh mach kich thich dién
tir. Khi nguoi 14i tac dung mo men, thanh xoan bi xoan, giy ra do léch pha giira cac vong
phat hién trén truc so cép va truc thir cip. Do léch pha nay duoc chuyén d6i thanh tin
hiéu dién ty 1& v6i md men lai va truyén t6i ECU EPS. Két hop tin hi¢u md men v6i
thong tin toc do xe tir ECU ABS, ECU EPS xéc dinh dong dién, chiéu va thoi diém cap
dién cho dong co dién trg luc nham hd tro ngudi lai quay truc 1ai theo huéng mong muén.

Hé thdng EPS diéu khlen dong co thong qua role dong cit ngudn va co6 kha nang ty
chan doan; khi xay ra su cd, tin hiéu canh bao dugc hién thi trén bang dong hd. Nho
khong sir dung cong suat co hoc tir dong co dét trong, EPS gitp giam tiéu hao nhién liéu
khoang 2-3%, déng thoi cai thién do 6n dinh, cam giac 1ai va an toan van hanh, dac biét &
tde do cao.

1.3. CAM GIAC LAI
1.3.1. Cam giac lai

Hién nay chua c6 tai liéu ndao dinh nghia mang tinh phd quéat va thong nhét vé cam
gidc lai (steering feel). Tuy nhién, trong linh vuc dong luc hoc 6 t6, cam giac lai dugce
xem 1a tong hop cac phan hdi ma ngudi 1ai cam nhan thong qua vanh tay lai, bao gom mo
men 1ai, goc 14i va dic tinh tu tra l4i, phan anh trang thai chuyén dong cua xe va diéu kién
mat duong [7], [8], [9]. Theo ISO 15037 [7], cac dai lugng m6 men lai va goc lai la tin
hiéu do tiéu chuan phuc vu danh gia hanh vi 14i. Gillespie [8] va Rajamani [9] chi ra rang
mo men lai dong vai tro 1a kénh phan hoi chinh truyén tai thong tin dong hoc tir xe dén




nguoi 1ai, anh huong truc tiép dén kha nang kiém soét va 6n dinh huéng ciia phuong tién.
1.3.2. Cac thanh phan chii quan ciia cam gidc lai

Tuong ty nhu khai niém cadm giac 141, hi¢n nay, chua c6 mot dinh nghia chinh thuc
nao dugc cong bd trong cac gido trinh hay tiéu chuan quy chuan vé “cam giac lai ly
tudng” cho hé thong l4i 6 t6. Tuy nhién, dya trén sy dong thuan cua cac chuyén gia trong
linh vuc dong luc hoc 6 t6 va phat trién hé théng 1ai, cam giac 1ai c6 thé dugc dic trung
thong qua mot tap hop cac thudc tinh cdt 16i phan anh mirc do tuong tac gitra nguot lai va
phuong tién. Cac thudc tinh nay duoc danh gia trong nhiing diéu kién van hanh khac
nhau gitra mé men 14i, goc 1ai va gia tdc ngang, van tdc xe... Mic du chua mang tinh day
du tuyét ddi, chiing dong vai tro quan trong trong viéc hmh thanh cam giac lai ty nhién,
hai hoa va phit hop véi phan tmg dong hoc ciia xe. Bao gom nam thudc tinh chinh [10]:

- M6 men lai va quy luat bién thién mo men 14i (Steering effort and steering torque
build-up)

- o tré phan ung l4i (Steering response delay/steering delay)

- Cam gidc mo men 1ai qué do (Transient steering torque feel)

- Khé nang tra 141 (Returnability/self-aligning return)

- Phan hoi mit duong (Road feedback/road feel)
1.3.2.1. Mé men ldi va quy ludt bién thién mé men lii (Steering effort and steering
torque build-up)

M6 men lai phan anh mirc m6 men lai ma nguoi lai can tac dung 1én vanh tay lai dé
tao ra chuyén dong danh 1ai, trong khi quy luat bién thién mo men 14i md ta quy lugt tang
ciia m6 men nay theo gia toc ngang va goc li, dic biét trong cac tinh huong van toc goc
vanh tay 1ai thap (nhé hon 45°/ s) [10]. Trong dleu kién nay, m6 men lai can tang ty 1¢
thuan véi luc vao cua, tao nén moi quan hé tuyén tinh va dé& du doan giira thao tac 1ai va
phén ng cua xe.

Do doc cua dudng cong md men lai theo gia téc ngang 13 chi bao tryc tiép cia “cam
giac vao cua”. P9 doc thdp mang lai cam giac nhe nhang, thoai mai, trong khi d6 dbc cao
tao cam giac thé thao va phan hoi manh m& hon. Du Iya chon mitc do ndo, hinh dang
duong cong can dam bao tinh lién tuc va nhat quan, gitp nguoi lai cam nhén rd rang sy
gia ting lyc vao cua theo md men 1ai ma khong xuét hién cic diém gay khuc hay thay doi
dot ngot.
1.3.2.2. Pj tré phan ieng ldi (Steering response delay/steering delay)

Do tré phan tng 1ai 12 cam giac tré mo ta su khac biét vé mo men lai khi vanh tay lai
ro1 khoi vi tri trung tdm so voi khi quay trd lai, cling nhu d¢ cham gitia thao tadc danh 1ai
va phan tng thuc té ciia hé thong 1ai va than xe, dic biét rd trong ving trung tdm. Cac
nguyén nhan chinh giy ra cam giac tré bao gom ma sat trong hé thong 14i, dic tinh giam
chan theo vén tdc quay vanh tay lai, quan tinh quay, ciing nhu do tré trong diéu khién
dién tir cia hé théng EPS.

O van téc quay thap (nho hon 45°/s), ma sat 1a yéu t6 chi phéi cam giac tré; trong
khi & van toc cao hon (lon hon 90° '/s) [10], quan tinh va giam chan dong vai tro quan
trong hon. Mot muc tré hop 1y 13 can thiét dé tao cam giac lai tu nhién va on dinh. Tré
qua thap khién hé thong 14i tré nén nhay qua mirc, gidng nhu 160 xo va thiéu 6n dinh;
nguoc lai, tré qué 16n lam han ché tién trinh lyc 141, budc nguoi lai phai tac dung mo men
16n dé duy tri goc 1ai mong mudn.
1.3.2.3. Cam gidac mo men lai qua do (Transient steering torque feel)

Cam gidc mo men lai qud d§ phan anh dac tinh dap Umg cia md men lai trong céc
thao tic dong nhanh, chang han nhu danh 1ai gap hoic chuyén lan dot ngot, khi van tdc




goc vanh tay lai vuot qua 90° / s. Trong cac tinh huéng nay, m6 men lai c6 xu hudng dan
dén su thay dbi goc 1ai va gia toc ngang, chiu anh hudng dong thoi cia ma sat, quan tinh
va giam chén cua hé thong 14i.

Moi quan hé pha giira mo men lai va goc lai 1a yéu t6 then chot. Pha 1éch qué 16n tao
cam giac vanh tay lai nang né, glong nhu c6 quan tinh quay cao; trong khi mé men khong
dan dat duoc goc 1ai s& 1am hé thong tr& nén thiéu két ndi, gy cam giac “trong luc”
giai doan dau cua thao tac. Viéc diéu chinh pht hop dic tinh mé men tam thoi gitip ngum
1ai dy doan chinh x4c phan tng cua xe, giam tai cong viéc diéu khién va nang cao do an
toan trong cac tinh hudng van hanh dong.

1.3.2.4. Khad nang trd lai (Returnability/self-aligning return)

Kha ning tra 14i mé ta xu hudng vanh tay 1ai tu quay tré vé vi tri trung tdm sau khi
nguoi lai gidm hodc tha lyc tdc dong. Thudce tinh nay chu yéu duoc tao ra bd1 mo men tu
cin chinh cua 10p két hop véi chién luoc diéu khién ciia hé thong EPS. Kha nang tra lai
yéu khién viéc duy tri huéng di thang tré nén kho khan, budc ngudi 1ai phai lién tyc hiéu
chinh va lam tang tai nhan thuec.

Kha nang tra lai co mdi lién hé chit ché véi mo men l4i va cam giac tré; mic tré 16n
thuong 1am suy giam moé men khoi phuc. Mot hé thong 14i c6 kha nang tra 1ai tot thé hién
sy can bang hop ly gitra hinh hoc treo, dic tinh ma sat, d6 cing hé thong va chién lugc
diéu khién ms to, tir 46 nang cao cam giac 6n dinh va “dé 14i” trong dai van toc rong.
1.3.2.5. Phdn héi mdt dwong (Road feedback/road feel)

Phan hoi mit dudng 1a mot trong nhitng thudc tinh khé dinh nghia nhat cia cam
giac lai. Theo quan diém nguoi str dung, dy 13 kha nang hé thong lai truyén dat thong tin
vé muc do bam dudng cua banh xe thong qua vanh tay lai. Du6i goc d ky thuat, phan
hoi mat duong duoc ddc trung boi mirc do xodn va dap ung tan sO cua vanh tay lai trude
cac bién d6i cua lyc ngang 16p va md men tu cin chinh.

Phan hoi phu hop gitip tang tinh két ndi giita nguoi 14i va mat duong, dic biét trong
cac diéu kién gioi han bam. Tuy nhién, phan hoi nay can duoc kiém soat va loc hop 1y
nham loai bo céc tin hiéu khong hitu ich, nhu rung lic do mat duong khong bang phang,
mat can bang banh xe, hodc anh huong tir lyc kéo va luc phanh. Trong cac hé théng EPS,
viéc tai tao phan hoi mat duong phu thudc 16n vao chién luoc diéu khién tro lyc va ky
thuat dinh hinh mé men phan hoi, nham dat duogc su can bﬁng tdi uu gitra thong tin cam
nhan va su thoai mai.

1.4. CAM GIAC LAI VOI AN TOAN CHUYEN BDONG CUA O TO
1.4.1. Khai quat vé on dinh quy dao va an toan chuyén dong 6 to

An toan chuyén dong 6 t6 bao gdm cac giai phap k¥ thuat d¢ dam bao van hanh an
toan, gém an toan thu dong nhu thiét ké, két cau... va chu dong nhu phanh, 6n dinh, diéu
khién, chiéu sang... An toan thy dong nham giam thiét hai khi xdy ra tai nan, nhu hinh
dang, két cu cabin, do bén. An toan chii dong 1 cac bién phap ky thuat ngan ngua va
tranh tai nan, nhu tinh 6 6n dinh quy dao, tinh ning phanh, dleu khién, canh bao [11]. Cac
giai phap tong thé dé dam bao an toan chuyén dong bao gdm viéc xur Iy phuong tién, diéu
kién duong sé, hanh vi 1ai xe va moi truong.

Quy dao chuyén dong cua 6 t6 1a tong hop tuong tac giita cac hé thong nhu lai, dong
co, truyén lyc, treo, phanh va 16p xe, ciing nhu tinh trang mat duong [12]. O van téc cao,
quy dao chuyén dong phirc tap do tac dong ctia luc bén va bién dang 16p, co thé dan dén
mat 6n dinh chuyén dong va tai nan [11]. Tinh ning dong luc (performance), tinh diéu
khién (handling) va dao dong theo phuong thang dimg (ride) [13].

Tinh 6n dinh qui dao 13 kha ning 6 t6 giit dugc trang thai chuyén dong theo yéu cau




trong nhiéu diéu kién [14], [15]. O t6 c6 thé mat 6n dinh do luc ngang, quay vong, phanh
gap. Trong diéu kién phirc tap, 6 to phai giit dugc quy dao theo ¥ nguoi 1ai [12], [16].
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Hinh 1.6. Péng lwec hoc diéu khién é té
Khi khdo sat an toan chuyén dong, cin quan tim dén dong luc hoc (PLH) theo ba
huéng: doc (Longgitudinal), ngang (Lateral) va thang ding (Vertical) [12]. PLH ngang
chu yéu vé quay vong, dugc phan tich ky ludng dé dam bao an toan va cam giac thoai
mai. DLH thang dimg lién quan dén dao dong, bién dang 16p va mat 6n dinh khi phanh.

1.4.2. On dinh quy dao chuyén ddng 6 t6 biang hé thong lai

bam bao 6n dinh quy dao chuyén dong ciia 6 to thong qua hé thong l4i 1a mot trong
nhimg van dé trong tim trong nghién ctru dong lyc hoc 6 to va an toan chu dong. Kha
nang duy tri quy dao mong muon cua xe phy thudc truc tlep vao hiu qua diéu khién cua
hé thong lai trong viéc bao dam tinh diéu khién duoc va 6n dinh chuyen dong. Khi hé
thong 1ai khong dap Gmg yéu cau, quy dao xe tré nén khé du doan, 1am gia ting nguy co
mat on dinh va tai nan giao thong. Do d6, nhiéu nghién ciru da tap trung phéan tich méi
quan h¢ gitta dong luc hoc xe va tdc dong ctua diéu khién 14i ddi vé6i 6n dinh quy dao, tur
d6 dé xuat cac giai phap nham nang cao hiéu suat van hanh va muac d6 an toan. Cac cong
ngh¢ an toan tién tién nhu hé théng kiém soat 6n dinh dién tir (ESC) va céc chirc nang lai
tu dong cho thiy vai trd ngdy cang quan trong cia diéu khién lai chi dong trong viéc
giam sat va diéu chinh quy dao xe, dic biét trong diéu kién dudng sa bat 1oi.

Trong bbi canh do, hé thong lai tro luc dién dugc xem 1a giai phap hi¢u qua nhim
nang cao on dinh quy dao cho cac phuong tién hi¢n dai. So voi hé thong tro luc thuy luc
truyen théng, EPS c6 uu thé Ve hiéu suét, do tin cdy va kha ning bao tri. EPS cho phép
diéu chinh mrc tro luc theo toc do xe va diéu kién van hanh, giip duy tri cam giac lai
nhét quan va kha nang kiém soat tot, dic biét & toc do cao. Nho kha nang thich img thong
minh dua trén cam bién va thuat toan diéu khién, EPS gop phén cai thién dang ké d6 6n
dinh, kha nang xt 1y va an toan tong thé cua 6 6.

1.4.3. Tam quan trong cua cam giac lai trong an toan chuyén dong cua 0 to

Trong nghién ctru dong hoc va dong luc hoc 6 1o, 6n dinh quy dao chuyén dong va




an toan van hanh thuong dugce danh gia thong qua cac chi tiéu khach quan nhu dap tng
goc xoay than xe, goc 1éch than xe, gia tde ngang, déc tinh thiéu 1ai va gi6i han bam cia
16p. Tuy nhién, trong diéu kién van hanh thyc té, cac dac tinh nay khong dugc khai thac
tryc tiép ma ludn chiu sy chi phbi cua nguoi lai thong qua h¢ thong 1ai. Do d6, chuyén
dong ciia 6 to can duoc xem xét trong khuon khé mot vong kin diéu khién nguoi - xe -
moi trudng, trong d6 cam giac 14i dong vai tro 13 kénh phan hdi chinh, két ndi trang thai
dong hoc cua phuong tién voi kha nang nhan biét va diéu khién cta nguoi lai.

Cam giac lai phan anh moi quan hé giita mo men phan hoi tai vanh tay lai, goc 1ai va
dap ung chuyén dong cua xe. Thong qua céc tin hiéu luc va chuyen dong nay, nguoi lai
c¢6 thé cam nhan duoc trang thai quy dao cua phuong tién, bao gom mirc d6 bam dudng
cta 16p, xu hudng thiéu lai hodc thira l4i, ciing nhu cac nhiéu tic dong tir mat duong.
Cam giéc 1ai do d6 khong chi mang tinh cht quan ma 1a két qua vat Iy cta tuong tac giita
hé théng 141 va dong luc hoc xe.

Trong ving van hanh gin chay thing hoidc gia tbc ngang thip nhu vung diéu khién
trung tdm, cam gidc lai co vai tro dac biét quan trong. Cac sai léch quy dao trong vung
nay thudng co6 bién d6 nho va kho nhan biét bang thi giac, nhung néu khong dugc hi¢u
chinh kip thoi, chung co thé tich lily va din dén mat 6n dinh rd rét. Khi cam giac 1ai co
dic tinh tuyén tinh, nhat quan va d6 nhay phu hop, nguoi lai co thé phat hién sém cac sai
léch nhé va diéu chinh vanh tay l1ai vdi bién do va tbc do hop ly. Nguoc lai, cam giac lai
mo nhat, ¢6 ving chét 16n hodc phi tuyén manh lam suy giam kha ning nhan biét trang
thai dong hoc, dan dén phan trng cham hoac diéu khién qua mtrc.

Duéi goc nhin diéu khién hoc, cam giac 14i anh hudng truc tiép dén hé sé khuéch
dai diéu khién cta ngudi 1ai va do tré pha trong phan tmg diéu khién. Néu mé men phan
hdi tai vanh tay l4i qua thip hoic ving chét diéu khién 16n, nguoi lai budc phai ting bién
d6 dicu khién dé cam nhan phan ung cia xe, tir 46 dé vuot qua bién 6n dinh tuyén tinh va
gy dao dong quy dao. Nguoc lai, cam giac 1ai qua nhay hodc thiéu kha ning suy giam
dao dong co thé khuéch dai nhiéu tir mat duong, lam tang tai nhan thic va giam dg chinh
xéac diéu khién. Vi vay, 6n dinh quy dao chuyén dong 1a két qua cua sy két hop giita dic
tinh dong hoc ndi tai cia phuong tién va chét luong twong tac nguoi lai - hé théng 1.

P6i véi an toan chuyén dong, dac bi€t trong pham vi an toan chu dong, cam giac lai
dong vai tro nhu mot co ché canh bao sém. Trong nhiéu tinh hudng, mat an toan khong
xay ra do vuot ngudng bam tirc thoi ma bat nguon tir sy tich liiy dan céc sai 1éch quy dao
nho, chang han léch lan hoic gia tang goc xoay than xe ngoai du kién. Cam giac 1ai cho
phép nguoi lai nhan biét cac thay d6i nay théng qua lyc va chuyén dong vanh tay 1ai
trudc khi ching tréd nén rd rang vé mat thi giac, tr d6 gidm mét madi, gidm tai nhan thuc
va nang cao kha ning kiém soat trong van hanh dai han.

Vi sy phat trién ctia hé théng la1 trg luc dién EPS, cam giac 141 ngay cang tr¢ thanh
mot ddi tugng thiét ké co cha dich. EPS cho phép hiéu chinh linh hoat dic tinh phan hoi
1ai, song néu thiét ké khong phu hop c6 thé tao ra cam giac 6n dinh gia tao, khién nguoi
lai danh gia sai bién do an toan thyc té cla phuong ti¢én. Do do, cam giac lai can duoc
xem la yéu t then chét lién két giira 6n dinh quy dao va an toan chuyén dong, dong vai
trd quyét dinh trong kha ning khai thac hiéu qua vung on dinh cua hé thdng lai, dac biét
trong cac diéu kién van hanh phirc tap hodc gan giéi han 6n dinh.

1.5. CAC NGHIEN CUU NUOC NGOAI VA TRONG NUGC
1.5.1. Cac nghién ciru nwdc ngoai

Céc nghién ctru nudc ngoai ve h¢ thong 1ai EPS trén 6 t6 bao gdbm nghién ctru cac
phuong phap va chién lugc khac nhau dé dam bao hi€u suat, cam giac lai chan thuc, giam




tac dong gdy mét moi cho nguoi 1ai, kha ning phan hoéi va an toan tdi wu. Cac hudng
nghién ctru chinh c6 thé tong quéat nhu sau:

- Nghién ciru xdy dung mo hinh hé thong 1ai EPS;

- Nghién ctru vé chién lugc diéu khién;

- Nghién ctru phuong phép xdy dung ban do dic tinh tro luc 14i;

- Nghién ctru danh gia cam giac lai;

- Nghién ctru xtr Iy phan hoi ctia cam bién; Phét trién cac ché do 1ai cho ngudi dung
lua chon; Phat trién cac tinh nang hd trg nguoi 14i;

- Tich hop voi cac hé théng kiém soat dong lyc hoc cua xe;

- Phat hién va chan doan 15i hé théng.
1.5.1.1. Céc hwéng nghién civu chinh trong cdc cong bé quéc té

Céc hudéng nghién ctru chinh néu trén dugc phan tich chi tiét nhu sau:

1) Nghién ciru vé mé hinh hé théng 14i: Hai dang chinh duoc st dung trén 6 t6 con 1a
C-EPS [17], [18], [19], [20] va P-EPS [21], [22], [23]. C4c dang st dung trén xe SUV c¢&
lon DP-EPS. RD-EPS, RP-EPS [24], [25], [26]._

2) Nghién ciru vé chién lwoc diéu khién bao gom cdc nhdnh:

Chién luoc kiém sodt tin hiéu dau vao va tin hiéu dau ra cia bo dieu khién: kiém
soat mé men tro luc, tbe do va vi tri truc dong dién co tro luc dé diéu chinh hd tro 1ai dua
trén cac diéu kién danh 1ai va mo men can quay tur mat duong. Viéc lya chon cac tham s6
dau vao va tham s6 diéu khién phy thudc vao muc tiéu cua chién luge didu khién Trong
[27], [28] [29] tin hiéu d4u vao 13 mo men tic dung tir vanh tay lai T; va tdc 6 to v, tin
hiéu dau ra 13 mé men dong co tro luc Tm, Trong [30], [31], [32] tin hiéu ddu vao T, va v,
tin hiéu dau ra 1a T, va vi tri hodc/va téc do truc dong co tro luc @,,, @,,. Trong [33], [34]
tin hiéu dau vao T, v va goc 1ai ¢4, tin hiéu dau ra 1a T,,; Trong [35], [36], [37], [38],
[39] tin hiéu dau vao Ty, v va @, tin hidu dau ra 1a T,, va @y, Q.

Chién lwpc diéu khién vong kin: Hé thong diéu khién vong kin lién tyc giam sat
thong tin 141 cia nguoi l4i, téc d6 xe, tinh trang duong va cac thong sb khac dé diéu chinh
hd tro 1ai theo thoi gian thuc [40], [41], [42]. Piéu nay dam bao cam giac 1ai phan tGng
nhanh va phu hop véi tinh huéng l4i xe.

Nghién ciru cdc phiong phdp diéu khién: Cac chién lugce diéu khién khac nhau dé
dap ung cac muc tiéu khac nhau nhu: diéu khién PID [23], [24], [43]; diéu khién Fuzzy-
PID [44], [45]; diéu khién Fuzzy [43], [46]; diéu khién BSPID [19], diéu khién PI [27];
diéu khién FOC [30], [36]; Mang no ron m& Wavelet voi thuat toan tién héa (IDE) [17],
[41]; Mang no-ron BP (Back Propagation, BP) [47], diéu khién truot [48]; diéu khién
LQR [25], [33], [49]; diéu khién H.. [50]; diéu khién Hy/H. [30].

Chién lwoc diéu khién thich ung: Thuat toan diéu khién thich ung duoc sir dung dé
diéu chinh hd tro 14i dua trén céc yéu td nhu toc do xe, diéu kién duong, hanh vi cta
nguoi 14i va ché do 14i. Cac thuat todn nay t6i wu hoa cam giac 1i va phan hoi cho cac
tinh huong 1ai xe khac nhau [22], [39], [51].

Chién lwoc diéu khién cdac mire hé tro thay doi: Hé thong 1ai EPS c6 thé cung cip
cac muc hd tro khac nhau tuy theo diéu kién 14i xe. Céc chién lugc dé kiém soat cac murc
hd tro ndy bao gdm diéu chinh mé men 1i ciia dong co, ty sd 1ai va cac dic tinh phan hoi
dé dap ung so thich ciia nguoi l4i va nang cao tinh niang dong luc hoc cua xe [38], [51].
Céc nghién ctru dién hinh c6 [47] diéu khién theo da ban dd, st dung cac dudng dic tinh
trg luc 1ai khac nhau phuy thudc vao tai trong va hé s6 bam cua mat duong.

Ky thudt diéu khién nang cao: Nghién ctru dang tién hanh tap trung vao cac k¥ thuat
diéu khién tién tién nhu diéu khién du doan, hoc may va tri tu¢ nhan tao dé nang cao hon
nita hiéu suét va kha ning cta hé thong 1ai EPS trén 6 t6 [52], [53], [54], [55].
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3) Nghién civru xdy dwng béin do ddic tinh tro lwe ldi (xem phén tich phia duwdi)
4) Nghién cieu ddnh gid cam gidc ldi va cdc bién phdp cdi thi¢n cam gidc ldi bao gom
hai nhanh:

Nghién citu danh gia cam gidc lai (xem phan tich phia dwdi)

Cac bién phap cai thién cam gidc lai: Piéu khién tra 14i vé vi tri trung gian, du bao
nhiing tham s6 khong chic chin, loai bé nhiéu chu dong do ma sat, mat du’ong...dleu
khién trén co so udc lugng md men lai: Pidu khién phan hoi tac dong tur mat duong dé
nang cao cam glac 14i [28], [56]; Piéu khién giam rung dong ctia hé thong [22], [30], [57],
[58]; Piéu khién bu ma sat trong hé thong i c6 [39], [59]; Diéu khién c6 bu ma sat, bu
giam chan va bu quan tinh [44], [58], [60]; Diéu khién c6 tinh dén tai trong trén truc dan
huong va sy thay d6i hé s6 bam cua banh xe va mit dudng [47], [59]; Piéu khién chong
nhiu, loc nhiéu va kiém soat nhiéu cha dong [61], [62], [63]; Diéu khién quay vé vi tri
trung gian [37], [53]; Piéu khién dua trén u6c luong moé men lai [33], [43], [47], [64].
5) Phan héi ciia cam bién, EPS tich hop tinh ning hé tro ngwoi ldi: Céac cam bién nhu
cam bién mo6 men 14i, cam bién goc va cam bién vi tri dugc str dung dé cung cap phan hoi
Ve goc vanh tay lai, thong tin dau vao cua nguoi lai va dong luc hoc cua xe. Phan hoi nay
rat can thiét dé hé thong diéu khién diéu chinh hd tro 14i mot cach chinh xac. Thiét ké mo
dun bu pha dé diéu chinh tin hiéu cam bién mo men [34], [63]; Thiét ké cac bo loc dé 6n
dinh tin hiéu mo men 1ai [65]; Cac chién luoc kiém soat phan hoi nham cai thién cam
giac 1ai [32], [57], [64]; wdc lugng md men 1ai dé tranh mat hd trg dot ngdt khi cam bién
bi 16i [20]. Hé théng 14i EPS c6 thé tich hop cac tinh nang hd tro ngudi 1ai nhu hd tro gitr
lan dudng, hd tro 6 xe va tranh va cham [66], [67], [68]. Nhitng tinh ning nay st dung
thuat toan diéu khién dé cung cp thém hd tro 14i va ting cudng do an toan cho xe.
6) EPS tich hop véi hé thong kiém sodt dong liec hoc ciia xe: Hé thong 1ai EPS thuong
duoc tich hop voi hé théng kiém soat 6 6n dinh cua xe dé nang cao dong luc hoc téng
thé cta xe. Cac chién lugc diéu khién phdi hop dam bao rang hd trg 1ai bd sung cho cac
hé théng kiém soat an toan va 6n dinh khac trén xe [67], [69].
7) Nghién citu phdt hién va chin dodn 16i cho EPS: Cac chién lugc kiém soat bao gom
cac thuat toan phat hién 16i nham giam sat hé théng dé phat hién céc truc trac hoac bat
thuong. Khi phat hién 13i, hé thong diéu khién co thé diéu chinh hd trg 1ai hodc dua ra
canh béo cho ngudi lai @& dam bao van hanh an toan [55], [70].
1.5.1.2. Phén tich cdc hwéng nghién citu lién quan trwc tiép dén nhdanh nghién ciru
cua ludn an.
1) Nghién ciru phwong phdp xdy dung ban do dic tinh tro luc ldi

Cac nhanh tiép can nghién ctru xay dung ban do dic tinh tro lyc lai bao gom:
a. Cach tlep can thiee dung, bang tra va dwong cong tham sé héa

Phén 16n cac nghién ctru va tng dung cong nghiép xay dung ban d6 dic tinh tro luc
lai du6i dang bang tra hai hodc ba chiéu mé men 14i - toc do xe - tal/dleu kién van hanh
hoac cac duong cong tham s6 hoa don gian nham thuan tién cho trién khai trén bo diéu
khién dién tir ECU [71], [72]. Nhiéu cong trinh d3 khing dinh vai tro trung tdm ciia ban
dd dic tinh tro lyc lai trong viéc quyét dinh cam giac 1ai, 4o on dinh, kha nang tu tra lai
va phan héi mit dudng [73], [74], [75]. Tuy nhién, dic diém chung cua hudng tiép cin
nay la ban do thuong duoc “lua chon va hiéu chinh” dua trén dir li¢u thir nghiém hoac
kinh nghiém k¥ su, thay vi dugc tao ra tor mdt cAu trac 1y luan ¢ lién két rd rang voi
dong lyc hoc xe va cdm nhan cua nguoi diéu khién.

b. Cdch tiép cdn da ban do theo diéu kién van hanh

Mot hudng nghién ctru khac tap trung phat trién nhiéu ban do dic tinh tro lyc lai dé

thich nghi v&i tai trong, hé s6 bam va diéu kién mat duong, nham cai thién d6 6n dinh va
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cam giac lai theo diéu kién van hanh [76], [77], [78]. Nhu nghién ctru trén xe thuong mai
da xay dung tap ban d6 dic tinh tro luc 1ai theo tai truc trude va hé s6 bam, kiém ching
thong qua cac bai thtr tiéu chuan va d6i chiéu véi mot s chuan qudc gia va qudc té [79].

Uu diém cua huéng nay la ting kha nang thich nghi cua EPS. Tuy nhién, viéc chuyén doi
giita cac ving 1am viéc hodc cac ban d6 khac nhau thudng tiém an nguy co khong lién
tuc cam giac lai (perceptual discontinuity), dan dén cam giac roi rac va thiéu ty nhién néu
khong c6 rang budc thiét ké vé tinh muot chuyén tiép (smooth transition). Vén dé nay da
duoc ghi nhan nhung chua dugc xir 1y nhu mot yéu cau thiét ké nén tang trong da sb
cong trinh.

c. Cach tiép cdn hwéng con ngwoi va mé men ldi Iy tuong

Céc nghién ctru theo hudng ldy con ngudi 1am trung tim (human-centreed approach)
cho réng hinh dang cua duong dac tinh trg luc 1ai c6 lién hé chat ché vdi quy luat cam
nhan va hanh vi diéu khién van dong ciia con ngudi. Mot s6 cong trinh vé mé men lai 1y
tuong (ideal steering torque) cho thay ton tai cac quy ludt cam nhan tuwong d6i on dinh
trong cung phan khuc xe [80], [81]. Ngoai ra, mot sé nghién ciru da lién hé ngudn gbc
cua duong dac tinh tro luc lai voi quy luét Iy thura gitra kich thich - cdm nhan va nguyén
Iy t6i vu van dong, qua d6 goi ¥ kha ning tich hop dinh luong quy luat tim 1y vao thiét
ké [82]. Tuy nhién, phan 16n cac két qua hién méi dimg & mic chimg minh nguyén ly
hoic tng dung trong cac kich ban 1y tuong, chua hinh thanh duoc mét quy trinh thiét ké
ban do6 dic tinh trg luc 14i co cu tric tf)ng quat va kha nang trién khai thuc té cho nhiéu
nén xe va nhiéu ché d¢ 14i.

Ddnh gid tong hop nhdnh xdy dung bin do dic tinh tro lyc ldi: Tong hop cac
nghién ctru cho thdy nhanh nay di phat trién manh theo huéng thuc dung bang tra va
thich nghi da ban dd, ddng thoi bat dau xuat hién cac tiép can hudng tim 1y con ngudi.
Tuy nhién, van ton tai ba han ché 16n:

Thiéu co s ly luan va cAu tric tao ban do tong quat, lién két tryc tiép mo hinh dong
luc hoc xe - hé thong 14i - muc tiéu cam giac 14i [71], [83], [84].

Kha nang nhén ban thap Cung mot ban d6 tao ra cam giac khac nhau khi thay doi
nén xe, hé théng 10p, ty s6 truyen hodc do cung hé thong [85], [86].

Thiéu “ngdn ngir tham s6” c6 co s& khoa hoc dé mo ta phong cach lai va dam bao
tinh lién tuc cam glac khi chuyen ché d6 hodc vung lam viéc [77], [87], [88].

2) Nghién cuu chten lwoc diéu khién va thiét ke bé diéu khién EPS

Céc nhanh tiép can nghién ctru nay bao gom:

a. M6 hinh héa EPS phuc vy diéu khién

Nhiéu nghién ctru di x4y dung mé hinh co - dién - diéu khién ctia EPS nham phuc
vu thiét ké bo diéu khién va phan tich d6 nhay tham s6. Tuy nhién, trong thuc té cong
nghiép, logic diéu khién 15i thuong thudc so hiru ctia nha cung cip va kho tiép can day du,
khién OEM thuong phai str dung cac mo hinh bang tra dwa trén dir liéu thir nghiém thay
vi md hinh diéu khlen chi tiét [89]. Diéu nay lam gia ting khoang cach giita thiét ké 1y
ludn va kha nang trién khai thuc té.

b. Piéu khién bam mé men muc tiéu va cam gidc ldi tham chiéu

Mot s6 cong trinh tap trung vao diéu khién bam mo men 1ai muc tiéu nham téi tao
cam giac l1ai mong mubn va giam phu thudc vao hiéu chinh thii cong [90]. Song song,
khai niém cam giac lai tham chiéu dya trén mo hinh cho phép thiét ké cam giac lai “ao”
va st dung b diéu khién dé theo ddi tham chiéu nay [91]. Huong tiép can nay cho thay
tiém ning nang cao mic do chii dong trong thiét ké cam giac lai.

Tuy nhién, trong hau hét cac nghién ctru, tham chiéu hoic mé men muc tiéu van can
dugc xac 1ap tur dir lidu xe mau hodc danh gia chu quan. biéu nay cho théy thiéu Véng
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mot nén tang ban d6 dic tinh tro lyc 1ai Iy tuong va thiéu khung danh gia khach quan dé
x4c nhan chat luong tham chiéu.

Ddnh gid tong hop nhdnh diéu khién: Nhanh diéu khién EPS da dat nhiéu tién bo
vé md hinh hoa, bam moé men va bu anh huéng dong co dién. Tuy nhién, hai khoang
thiéu chinh van ton tai: (i) thiéu lién két chat gitra thiét ké ban d6 dic tinh tro luc 14i va
thiét ké bo diéu khién nhu mot quy trinh thdng nhat; (ii) thiéu phuong phap danh gia
khach quan i manh dé x4c nhan bo diéu khién thuc thi ban dd mét cach bén viing va
nhat quan cam giac l4i trong nhiéu diéu kién van hanh.

3) Nghién cvwu danh gia cam gidac lai

Céc nhanh tiép can nghién ciru ndy bao gom:
a. Danh gia chi quan va han ché chuan héa

Céc nghién ciru vé danh gia chu quan chi ra rang phuong phap nay chiu anh huong
manh bai thang diém, cach dién giai, thién léch ca nhan va diéu kién thir nghiém, dong
thoi doi hoi nguyén mau vat 1y va chi phi cao [92]. Piéu nay tao dong lyc phat trién cac
chi s6 danh gia khach quan dé hd tro thiét 1ap muc tiéu k¥ thuat.

b. Twong quan danh gid chii quan - chi sé khdch quan

Nhom nghién ciru cam giac lai d3 xay dung mdi lién hé giita danh gia chii quan va
cac chi s6 khach quan nhu mé men 1ai (steering effort), bién thién mé men lai (steering
torque build-up gradient), ving chét mé men (torque deadband), do tré - vong tré
(hysteresis) va dac tinh xu ly trung tdm (on-centre handling) [93], [94], [95]. Viéc su
dung r6 bét 1ai (steering robot) gitip tang d6 lap va giam nhidu do thao tac con nguoi.

Tuy nhién, cdc md hinh ndy van phu thudc danh gid chi quan lam dir liéu tham
chiéu va dai gia tri “ua thich” phy thudc phan khuc xe va tap dit liéu. Vi vay, chua hinh
thanh duoc phuong phap danh gia hoan toan doc lap va chuan héa.

c. Tiép cin dinh huéng khdch hang

Phuong phap phat trién cam giac 1ai dinh hudéng khach hang (customer-focused
steering feel development) phan tach cam giac 141 thanh cac thudc tinh va anh xa sang cac
bai thir khach quan dé xay dung yéu cau k¥ thuat [96]. Tuy nhién, viéc xac 1ap muc tiéu
van can dir liéu khdo sat va thir nghiém clinic (13 hinh thitc thtr nghiém danh gia cam
nhan nguoi dung c6 kiém soét, trong d6 mot nhom ngudi 1ai dai dién nhu khach hang
muc ti€u, k¥ su thr nghiém, chuyén gia danh gia... dugc moi tham gia lai thu xe hodc
mo phong 1ai trong méi trudng tidu chuan hoa), nén chua dat dugc danh gia “toan dién”.
d. R6 bot ldi va tiéu chudn ISO

RO bét 1ai duge chimg minh 13 céng cu hiéu qua dé thuc hién chinh xac cac bai thu
tiéu chuan ISO 7401 va ISO 13674, dam bao dang song va bién do thao tac lai, tir d6
nang cao d¢ lap va do tin cdy cua dir liéu thir nghiém [97]. Tuy nhién, cac tiéu chuan nay
chu yéu tip trung vao dap ung dong hoc va 6n dinh xe; viée chuyen d6i két qua thir
nghiém ISO thanh bg chi s6 cam gidc lai phuc vu xac nhan ban d6 dic tinh trg luc lai
EPS van chua dugc chuan hoa.

e. Danh gia trén bang thir va phuwong phadp danh gia som

Céac nghién ciru danh gia phan hoi lai trén bang thir thong qua kich thich lyc tai
thanh riang va phan tich ham truyén mo men vanh tay lai, két hop mé hinh tay ngudi
(human grip model), cho thdy kha ning danh gia sém khong can xe that va cai thién
tuong quan voi danh gia chu quan [98]. Tuy nhién, phuong phap nay moi tap trung vao
phan hoi an toan (safety relevant feedback) va chua bao phu day du cac thanh phan cam
giac 1ai gan véi ban do dic tinh tro lyc 14i.

. Pdnh gid cam gidc thodi mai bang chi sé sinh Iy
Phuong phap st dung hi¢u suét lai dya trén tin hiéu dién co dé danh gia sy thoai
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mai khi 13i xe cho thay tiém niang két ndi giita niang luong thao tac va cam nhan ngudi
diéu khién [99]. Tuy nhién, yéu cau thiét bi do phtic tap va kho chuan héa dai tra khién
phuong phap nay chua phu hgp cho danh gia cong nghiép quy mé 1on.

1.5.1.3. Khodng tréng nghién ciru

Ttr phan tich huong nghién ctru lién quan truc tiép dén nhanh nghién ctru cua ludn
an, ¢ thé xac dinh ba khoang tréng nghién ctru trong tam:

Khoang trong thir nhat: Khoang tréng vé co sd 1y luan va cdu tric tong quat dé xay
dung ban dd dic tinh tro luc 14i Iy tudng, trong d6 ban dd duoc tao tir mé hinh, tich hop
dinh lugng quy ludt cam nhéan cua nguoi diéu khién, tach bach tham s phén cung va
tham s cam nhan/phong céach l4i.

Khoang trong thir hai: Khoang trong vé khung danh gid cam giac 1ai EPS theo
huéng dugc chuan hoa theo tiéu chuan qudc té ISO hoic tiéu chuén qudc gia tuong
duong, véi hé thong chi s6 dinh luong 13 rang, du d6 lip va c6 thé trién khai sém trong
mo phong phan mém trong vong lap MIL, SIL va phan ctng trong vong lap HIL, nhim
kiém ching truc tlep chét luong ban dd dac tinh tro luc 1ai va bd diéu khién.

Khoang tréng thir ba: Can c6 mot quy trinh day du tir khau thiét ké ban d6 dic tinh
trg luc lai, xay dung chién luogc diéu khién va danh gia cam giac lai dé kiém chiing tinh
phu ctia ban d6 dic tinh tro lyc 1ai va kha nang dap ung cia bo diéu khién trong giai doan
nghién ctru va phat trién san pham. ’

Ghi chii: Khodng trong nghién ciru dwoc nhan dinh trén co so cdc cong trinh da cong bo. Ludn an
khong nhdan dinh doi voi cac nghién ciru bao mdt va khong dwoc cong bo cua cdc nha san xudt.

1.5.2. Cac nghién ctru trong nuwée
1.5.2.1. Cac huéng nghién ciru

Trong nudc, da c6 mot sd cong trinh nghién ciru vé dong luc hoc chuyén dong 0 10,
hé thong 14i trén 6 t6 hién dai va hé thong 1ai EPS. Cac hudng nghién ctru chinh bao gom:

- Nghién ctru cac van dé vé 1y thuyét 6 to, quy dao chuyén dong 6 t6, dong luc hoc 6
t6 c6 thé ké dén cac gido trinh, sach chuyén khao [13], [100], [101]; Dao dong 6 t6 [102].

- Nghién ciru cac dang hé thong 1ai c6 thé ké dén hé thong 1ai bang day din SBW
(khong tryc 14i) trén 6 t6 con [103], [104], [105] va 6 t6 tai [106], [107], [108] hé thong
14i tro Iyc thuy luc [106], [109]; hé théng 1ai chu dong [11], [110]; hé thong lai tro luc
dién EPS [111], [112].

Vé phuong phap diéu khién c6 thé ké dén diéu khién mo [11], diéu khién PID [111],
[113] diéu khién truot [106].

Nghién ctru thir nghiém hé théng 1ai c6 thir nghiém trén mé hinh ban thyc nghiém
[11],[16], [114] va thtr nghlem trén xe [12].
1.5.2.2. Phén tich mdt s6 nghién citu cong bo trong nuwéc

Trong [112] (2023), nhom tac gia xay dyng mo hinh EPS dé khao sat dic tinh cam
bién mé men va truyen dong ctia dong co tro luc, dong thoi mo phong m6 men dién tro
tir mat duong truyén 1én vanh tay 13i. Trén co s& tin hiéu cam bién, b diéu khién PID
duoc thiét ké nhdm thu thap dau vao, tinh todn va diéu khién dong dién dong co trg luc.
Khong nghién ctru vé dic tinh tro luc 14i va danh gia cam giac 14i.

Trong [113] (2021), bai bao dé xuat diéu khién PID cho dong co EPS nham dap g
yéu céu trg luc theo van tdc xe va diéu kién mit duong. Thuat toan PID diéu chinh dién
ap cap cho dong co dya trén phan hdi tir cam bién mo men lai, cam bién toc do va cam
bién goc 1ai dé tao mo men tro Iyc phu hop. Khong nghién ctru vé dic tinh tro luc 1ai va
danh gia cam giac lai.
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Trong [115] (2021), c4c tac gia nghién ciru hé théng C-EPS, x4y duyng md hinh co
hoc va phuong trinh dong luc hoc dang khong gian trang thai. Cac tham sd két cAu anh
huong dén dic tinh hé théng dugc xét gf)m mo men quan tinh, 4o clng xodn va giam
chan truc 1i; do _clng xodn va giam chan thanh rang; ban kinh banh rang. M6 hinh duge
khao sat trén mién tan sb va micn thoi gian dé danh gia mirc do tac dong cua tham sb dén
dap tmg. Khong nghién ctru vé dic tinh tro luc 1ai va danh gia cam giac 14i.

Trong [111] (2017), nghién ctru trinh bay thiét ké bo diéu khién PID cho dong co
trong EPS; mo hinh todn hoc C-EPS dugc xiy dung va md phong trén Matlab/Simulink
dé kiém chtng. Khong nghién ciru vé dic tinh tro Iyc 1ai va danh gia cam giac 1ai.

Nguyén Xuan Tuén va cong su trong [12] [104] [106], [107], [108], [116] (2016~
2021) cong bd chudi nghién ctru chuyén doi hé thong 1ai co khi trg lyc thity lyc sang
SBW dién tr - thuy lyc cho xe tdi HINO 300Series. Nhom tac gia xady dung mo hinh
dong lyc hoc tong quat va cac md hinh mé phong tuong tng trén Matlab/Simulink, voi
tham s6 dau vao tir thtr nghiém va tai liéu tham khao; dong thoi thiét ké bo didu khién
truot SMC cho co cdu chip hanh din hudng va mo dun tai tao cam giac 13i, kém thu
nghiém chuyén dbi trén xe. Khong nghién ciru vé dic tinh tro lyc 1ai va danh gia cam
giac lai.

Tran Vin Loi va cong su [103], [104], [105], [105], [114] (2011-2018) nghién ctru
SBW trén 6 t6 con theo huong mo hinh hoa dang m6 dun dé thuan loi khao sat va didu
khién. Thuat toan Fuzzy-PID dugc dung cho diéu khién bam giita vanh 1ai va co cau chap
hanh; sai s6 goc nam trong khoang 0+0.15 (rad), phui hop gi6i han cta hé thng 14i truyén
thong. Nhém tac gia phét trién mo hinh thi nghiém ban tu nhién c6 giao tiép 40 DAQ dé
do tham s6 dau vao va kiém chirng mé phong; tuy nhién cac diéu kién tai trong va téc do
thuc té chua dugc phan 4nh ddy du. Khong nghién ctru vé dic tinh tro luc 14i va danh gia
cam giac lai.

Nguyén Tuan Anh [110] giéi thiéu bo dicu khién t6i wu cho hé thdng l4i tich cuc va
danh gia chat luong diéu khién khi c6 tac dong cia gié ngang. Khong nghién ctru vé dic
tinh tro luc 1ai va danh gia cam giac lai.

Ddnh gid chung vé cdc céng trinh nghién citu trong nwéc: Cac tai lidu vé 1y
thuyét 6 t6 va dong hoc dong luc hoc chuyén dong da tuong dbi day du va c6 do tin cay
cao. Tuy nhién, cac cong b nghién ctru chuyén sau hé thong 14i tro luc dién EPS, con rat
han ché; mot s6 nghién ctru tiéu biéu chu yéu tap trung vao hé thong 1ai SBW. Véi EPS,
cac cong trinh hién nay phan 16n méi ding & phan tich két cau, xay dung bd diéu khlen
co ban va danh gia bang mo6 phong, chua c6 nghién ciru chuyén sau vé cac ndi dung cot
16i nhu xay dyung ban d6 dic tinh tro luc 14i, chién luoc, phwong phap diéu khién va thiét
ké bo diéu khién theo muc tiéu, cling nhu danh gia cam giac 1ai mot cach hé thong.

1.5.3. Van dé nghién ciru trung tim va dinh huéng giai quyét ciia luin an

Qua phan tich, nhan dinh khoang trong cta cac cong trinh da cong bd, luan an xac
dinh van dé nghién ctru trung tdm khong chi la “thiét ké mot ban dd dic tinh tro luc lai
tdt cho mot xe cu thé” hay “tim mot chi s6 khach quan nao do cho cam giac 14i”, ma la
xay dung mot chudi phuong phap luan khép kin cho EPS gom: (i) 1y luan va cau trac tao
ban d6 dic tinh tro lyc 1ai Iy tudng, (ii) chién luge va bo diéu khién thuc thi ban do dic
tinh tro lyc 1ai mot cach bén ving va (iii) khung danh gia cam giac lai khach quan dé
kiém chimng (1) va (i1). Trén co s do, ludn an hudng to1 tra 161 céu hoi tong quat:

Lam thé ndao dé xdy dung mot quy trinh gom phwong phdp xdy dung ban dé ddc tinh
tro lye 1di c6 co s6 1y ludn, c6 cdu triic tong qudt, c6 tinh nhén ban va phit hop véi quy

15



lugt tam ly nguoi diéu khién, dong thoi phat {rién chién hegc diéu khién, thiét ké bg diéu
khién EPS dé hi¢n thuc hoa ban do do. Cuoi cung xdy dung mot khung danh gia cam
gidc ldi theo huong chudn hoa theo tiéu chuan, nham kiém ching chat lwong ban do va
bo dieu khién?

1.6. MUC TIEU, PHAM VI, PHUONG PHAP VA NOI DUNG NGHIEN CUU

1.6.1. Muc tiéu nghién ciru

1.6.1.1. Muc tiéu nghién ciru

Luafm‘ an tap trung 03 muc ti€u nghién ctru chinh cho h¢ théng lai tro luc dién trén xe
con bao gom:

Muc ti€u 1: Nghién ctru thiét‘ 1ap co so 1y luan, cé:tu truc va phuong phdp xay dung
ban do dac tinh tro luc lai tir do 5‘1‘@ xué}t cau tric ban do dac tinh tro lyc 1ai ly tuéng phu
hop véi quy luat tam ly nguoi diéu khién;

~ Muc tiéu 2: Nghién ctru chién luge va thiét ké bo dicu khien hé thong 14i tro lyc dién
dé thuc thi muc ti€u 1;

Muc tiéu 3: Nghién ciru danh gia cam giac 14i dé kiém chimg muc tiéu 1 va 2.
1.6.1.2. Dong gép mai cua ludn dn

Nghién ctru xdy dung ban d6 dac tinh trg lyc 14i, thiét ké b dicu khién hé thong lai
EPS va danh gia cam giac trén xe con 1a hudng nghién cliru moi tai Viét Nam. K&t qua
nghién ctru c6 thé dung lam tai liu trong dao tao va c6 kha nang ung dung vao thyc tién
vé hoan thién thiét ké va san xuat h¢ thong 14i EPS.

1.6.2. Pham vi va ddi twong nghién ciru

1.6.2.1. Pham vi

Vé 1y thuyét: Nghién ctru co s 1y thuyét va cdu tric dic tinh tro luc 1ai dién;
Nghién ctru xay dung cdc md hinh DLH cé tham gia trong cau triic ban d6 dic tinh tro
Iuc 14i. Nghién ctru cam giac 1ai, cam giac 1ai phu hop quy luat tam 1y cia nguoi dicéu
khién va phuong phap, chi tiéu danh gia cam giac 14i. Tir d6 xay dung ban d6 dic tinh tro
lyre 14i ly tuong, thiét ké bo diéu khién cho hé thong 1ai EPS va danh gid cam giac l4i tong
thé.

- Thtr nghiém: Thir nghiém moé phong trén moi truong méd phong tich hop md hinh
Matlab/Simulink v6i m6 hinh CarSim. Thir nghiém moé phong (MIL) cac bai thir nghiém
danh gia cam giac lai da dugc chuan hoa theo cac tiéu chudn quéc t& nham kiém chung
mo hinh 1y thuyet danh gia tinh phu hop ctia ban do dic tinh tro luc 1ai va kha ning dap
g ctia bo diéu khién tir d6 tinh chinh va hoan thién mé hinh 1y thuyét.

Can cur va muc ti€u nghién ctru, luan 4n khong xem xét cac ndi dung sau:

- PLH chuyén dong 6 t6 dugc xay dung dé thiét lap cdu triic ctia ban d6 dic tinh tro
luc 1ai. Do d6 luan an khéng phan tich va danh gia 6n dinh quy dao chuyén dong ciing
nhu cac van dé vé an toan chuyén dong nhu hanh lang, gia téc ngang giéi han, truot
bén...

- Nghién ctru khong xem xét dén su 130 hoa cta hé théng hodc sai 1éch ché tao.

- Khong xem xét dén ving phi tuyén cua 16p.
1.6.2.2. Doi trong

Hé¢ théng lai EPS loai C-EPS trén 6 t6 con.

1.6.3. Phwong phap va cach thwe hién
Phwong phdp: Nghién ctru 1y thuyét két hop moé phong va thir nghiém mé phong
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trén phan mém thir nghiém ao cong nghiép.

Cach thuc hién:

Luu d6 cc bude thuc hién noi dung nghién ctru chinh dugc thé hién nhu Hinh 1.7.

- Buéc 1: Xay dung mo hinh BLH 6 t6, hé théng 14i, md men can quay, phan b
khoi luong, banh xe dan hoi, dong co tro luc;

- Bude 2: Thiét 1ap ciu trac ban dd dic tinh trg lyc 1ai va thiét ké bo diéu khién trg
luc lai;

- Buéc 3: Xay dung cac MHMP trong phan mém Matlab/Simulink;

- Buéc 4: Xay dung mé hinh trong phan mém CarSim va mé hinh thir nghiém mé
phong tich hgp Carsim - Matlab/Simulink;

- Buéc 5: Lua chon mot xe mau cu thé, mo phong trong phan mém Matlab/Simulink,
tién hanh ddi chimg voi xe tham chiéu trong CarSim dé kiém chung va danh gia tinh
dung dan ciia cac md hinh toan hoc va MHMP trong Simulink.

- Budc 6: Thu nghiém mé phéng danh gia cdm gidc 141 trén mo hinh tich hgp
Carsim - Matlab/Simulink dé dénh gia tinh phu hop cta ban d6 dic tinh tro luc 1ai da
thiét 1ap thong qua céac chi tiéu danh gid cam giac 14i.

- Budc 7: Thong qua két qua Bude 6, tinh chinh cac tham sb trong cau tric ban do
dic tinh tro lyc 1ai. Néu két qua danh gia cam giac 1ai chua dat myc tiéu thi thyc hién lai
Budc 6. Lap lai quy trinh Budc 6 va Budc 7 dén khi dat myc tiéu vé cam giac 1ai mong
mudn.

- Budc 8: DBua ra bg thong s6 cua ban d6 dic tinh tro luc 14i ly tuéng cho xe mau.
Dé xuét ban do dic tinh tro luc 1ai 1y tudng va tinh chinh bo diéu khién;

- Buédc 9: Két luan va kién nghi.

Ap dung quy trinh nay cho cac loai xe c6 trang bi EPS khi x4y dung ban d6 dic tinh
trg lyc 14i va thiét ké bo diéu khién trong giai doan nghién ciru phét trién san pham.

1.6.4. N¢i dung nghién ciru

Luan an gém 04 chuong sau:

Chuong I: Tong quan van dé nghlen cuoru

Chuong 1 s& trinh bay tong quan vé hé thong 14i ¢ tro luc va hé thong lai c6 dicu
khién trén 6 t6 tren 0 t6. Cam giac lai va tam quan trong cua cam glac lai trong an toan
chuyén dong va 6n dinh quy dao chuyén dong 6 to. Phan tich tinh cap thiét, ¥ nghia khoa
hoc va thyc tién cta luan 4n. Phan tich cac nghién ctru nudc ngoai va trong nudc vé hé
thdng lai EPS. Xac dinh muc tiéu, pham vi, d6i tugng, phuong phap va noi dung nghién
clru.

Chwong II: XAy dung mé hinh ddng luc hoc va thiét ké b diéu khién cho hé
thong lai EPS

Noi dung chuong 2 gom:

- Xay dung cac mé hinh toan hoc PLH duoc tich hop trong ciu tric ban dd dic tinh
tro luc lai bao gém: DLH hé théng lai tro luc dién; DLH chuyén dong cua 6 t6; PLH
banh xe dan hoi; Xac dinh tai trong phan bd 1én banh xe; Xac dinh mo men can quay
vong; DLH dong co dién trg luc.

- Xay dung ban dd dic tinh tro luc 14i dién; Xay dung ban dd dic tinh 1y tro luc dién
1y tuong; Thiét ké bo dicu khién hé thong 1ai EPS.

- Nghién ctru phuong phap va chi tiéu danh gia cam giac lai.
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o5 dlg;g Thiét ké P@ diéu cl]ab@_diéu
Motdr khién khién ]
< Evaluate the
dynamic Controller design  noreo
Model the controller

Cai tién bb diéu

khién
Improved controller

-

Hoan thién dac
tinh troe lurc lai

ly tuong
Perfecting the
ideal EPS map

Hinh 1.7. Lwu do thwe hi¢n néi dung nghién civu

Chwong III: Tinh toan mo phong
Noi dung chuong 3 gom:
- Lya chon va x4c dinh thong s6 xe mau; Xay dung cac md hinh mo phong.
- M6 phong va danh gia cac mo hinh DPLH; M6 phong danh gia céc loai ban d6 dic

tinh tro luc 14i.

- M6 phong va danh gia ban d6 dic tinh tro luc 14i Iy tuong theo phong cach 14i.
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- M6 phong va danh gia kha nang dap Gmg bo diéu khién hé théng 1ai EPS.

Chwong IV: Nghién ciru thir nghi€ém mo phéng

Noi dung chuong 4 gom:

- Xay dyng mo hinh 6 t6 mau trén CarSim va xay dung mo hinh 6 t6 thir nghiém tich
hop CarSim-Matlab/Simulink.

- Panh gia dap tng ciia bo didu khién; M6 phong kiém ching dong lyc hoc bang mé
hinh mo6 phong tich hop.

- Thtr nghiém mo6 phdng danh gia cam giéc 14i.
1.7. KET LUAN CHUONG

Chuong 1 da hoan thanh cac ndi dung sau:

- Pa hé théng hoa bdi canh nghién ctru cta luan an. D3 phan tich danh gia cac cong
trinh nghién ciru da cong bd cia tac gia trong va ngoai nudc lién quan chat ché dén
huéng nghién ciru cua luan an; Néu nhimg van dé con ton tai; Chi ra nhiing van dé ma
luan 4n can tap trung nghién ctru giai quyét.

Tir cac phan tich trén, d3 néu rd muc tiéu, d6i tugng, pham vi, phuong phap nghién
cuu, cling nhu cAu trac caa ludn 4n, lam nén tang khoa hoc va dinh hudéng logic cho céc
chuong tiép theo.
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CHUONG II: XAY DUNG BAN PO PAC TiNH TRQ LUC LAL THIET KE BO
PIEU KHIEN VA NGHIEN CUU PANH GIA CAM GIAC LAI EPS

Muc tiéu chuong 2 la xay dung mét khung ly thuyét toan dién, c6 hé thdng, c6 co so
1y luan, c6 cac biéu thuc rd rang vé phuong phap, cach thuc hién dé xay dung cac loai
duong dic tinh tro luc 1ai, d& xuat phuong phap xay dung dic tinh tro luc 1ai 1y tuong
theo quy luat tim 1y va cac phong cach l4i khac nhau, thiét bo diéu khién cho hé théng lai
EPS va cudi cing 13 dua ra phuong phap va cac chi tiéu danh gia cam giac 1ai dé danh gia
cam giac l4i cua hé thong 1ai EPS ap dung dic tinh tro Iyc 13i 1y tuong dugc dé xuét.

2.1. XAY DUNG MO HINH PONG LUC HOC
2.1.1. Muc dich va co sé ly thuyét xdy dung md hinh PLH

2.1.1.1. Muc dich xay dung m6 hinh PLH

Muc tiéu cdt 151 cua viéc xay dung cac mo hinh dong luc hoc trong luan an la thiét
1ap mot nén tang khoa hoc chit chg, c6 kha ning mo ta diy du va nhit quan méi quan hé
nhan - qua giita thao tac diéu khién ctia ngudi lai, phan tng dong luc hoc cua phuong tién
va md men tro luc do hé théng lai tro luc dién EPS tao ra. Cac mo hinh BDLH duogc tich
hop trong cAu tric cua dic tinh trg luc 1ai. Tu do, viée xay dung déc tinh tro luc 141 ly
tudng khong chi dung lai ¢ hi€u chinh kinh nghiém hay quy luat thir nghiém, ma dugc
dat trén nén tang mo hinh héa vat 1y ¢6 cau trac chit ché, co kha nang giai thich, dy doan
va tai sir dung cho nhiéu loai xe va phan khiic xe khac nhau. Cau tric cua ban do dic tinh
trg luc 14i phai bao gdm céac thanh phan nhu Hinh 2.1.

BAN PO PAC TiNH
TRO LUC LAI

DONG LUCHQC _
CHUYENDONG 6 TO

PLH HE THONG LAI EPS
DLH BANH XE DAN HOI
PHAN PHOI TAI TRONG LEN BANH XE
MO MEN CAN QUAY VONG
PLHDONG COTRO' LUC

Hinh 2.1. M6 ti ciu tric ciia ban do dic tinh tro luc ldi

Hé¢ théng EPS dugc xem xét nhu mot hé da vat thé c6 lién két chit ché véi dong luc
hoc chuyén dong cuia 6 to - twong tac 16p - mat duong. Vi vay, luan an xdy dung dong bo
cac mo hinh dong luc hoc thanh phén, bao gém: mo hinh dong luc hoc hé théng lai EPS,
mo hinh chuyén dong ngang ctia 6 t6, mo hinh banh xe dan hoi, mé hinh phan bd tai
trong khi quay vong, md hinh xac dinh m6 men can quay vong va mo hinh dong luc hoc
dong co dién tro luc. Cach tiép can tich hop nay cho phép mé ta chinh xac chudi truyén
lrc va md men tir vanh tay 1ai dén banh xe dan huéng, ciing nhu su phan hdi ngugc tir
mit dudng vé nguoi 1ai.

Viéc két hop mo hinh tuyén tinh véi cac yéu td phi tuyén quan trong nhu ma sat
Coulomb, dic tinh phi tuyén cta 16p, su thay doi tai trong dong va nhidu ngau nhién gitp
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mo hinh phan anh sat thuc cac hién tuong anh huéng truc tiép dén cam giac lai. Trén nén
tang d6, moi quan hé 1y tudng giita mdé men lai va mé men trg lyc EPS duoc xéac 1ap mot
cach dinh lwong. Pay chinh 14 co s& khoa hoc dé xay dung cac dudng dic tinh tro lyuc 14i
vira dam bao yéu cau diéu khién va 6n dinh, vira dap Gmg muc tiéu cam giac lai mong
mudn, dong thoi cho phép mé rong sang cac phong cach 1ai va chién luoc diéu khién EPS
khac nhau mot cach c¢6 hé thong. M6 hinh nghién ctru tong quat DLH va diéu khién EPS
thé hién nhu Hinh 2.2.

I i <
LI
T .-
PR +d 61: 61: 61
Ta Taas M6 hinh Tmas‘
q| - ST > .2 BLH déng + M6 hinh BLH .-
5:: ﬂi‘.’iﬁ Bo diéu khién I | codién EPS &, 82,0,
EPSMAP | T., | Controller Motor . EPS dynamic
v > dynamic | model
model <
s M6 hinh mé men can quay T, | 3";
. »| Road resistance torque model i +
— 2= 5 T (0
w, g, | M6 hinh dong Iwc hoc [« Mé hinh phén bé khéi lvong b et i
chuyén déng o td > Load distribution model nhiéu ngau
. - : - nhién
B B Vehicle dynamic ! L
model g M5 hinh banh xe dan héi disturbance
AN > Elastic tire model torque
O, S, &

Hinh 2.2. M6 hinh nghién ciru tong qudt PLH va diéu khién EPS

2.1.1.2. Co sé ly thuyét xdy dung mé hinh PLH

O t6 va hé théng lai EPS 1a mot hé théng co hoc gém nhiéu bac tu do va lién két
phtc tap, trong mé hinh PLH thuong gdom c6 cac phan tir ¢6 khbi luong va cac lién két,
dé xay dung mo hinh toan c6 thé sir dung nhiéu phuong phap nhu phuong trinh Lagrange
loai 2, nguyén 1y D'Alembert, phuong phap hoa d6, phuong phap h¢ thong con... Trong
ndi dung nghién ctru ciia luan an sir dung hai phwong phap phd bién dé xay duyng mé hinh
toan cho hé PLH d6 1 phuong trinh Lagrange loai 2 va nguyén ly D'Alembert dé chuyén
bai toan DLH vé bai toan tinh hoc bang cach dua cac mdé men quan tinh khdi lugng, khéi
luong quan tinh vao co hé. Khi d6 phwong trinh chuyén dong s& duogc thiét 1ap trén co so
lay tong cac md men, lyc tic dung 1én co hé [117].

2.1.2. Xay dwng md hinh ddng luc hoc hé thong lai EPS

2.1.2.1. Cac phwong phap xdy duwng mé hinh dong lrc hoc hé thong lai EPS

Nho tién bo khoa hoc k¥ thuat, mé hinh dong luc hoc (MHDLH) hé thong 14i tro luc
dién EPS hién nay thuong dugc xay dung theo ba nhom: mé hinh tuyén tinh, mé hinh phi
tuyén va mo hinh dya trén hoc may.

Mo hinh tuyén tinh: Gia dinh cac phén tor co hoc nhu dd ciing, can nhdét... co dac
tinh tuyén tinh; str dung dinh luat Newton II va cén bang md men dé thiét 1ap phuong
trinh vi phan tuyén tinh m6 ta dong luc hoc. Thich hop giai doan mé hinh co s¢ ban dau
hozc khi phi tuyén khong dang ké, phuc vu phan tich va thiét ké so bo trudc khi mo rong.

Mo hinh phi tuyén: Khong ap dit tuyén tinh cho d¢ cung/can nhot; dua truc tiép
cac phi tuyén nhu ma sat kho, do ctng phi tuyén... vao mo hinh, 1am cho phuong trinh
dong luc hoc co dang phi tuyén. Phu hop khi yéu cau do chinh xac cao hodc khi phi tuyén
anh huong ro dén dong lyc hoc va cam giac lai.
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Mo hinh dwa trén hoc mdy: Khong xay dung theo phuong trinh vét 1y; str dung hoc
may dé hoc quan hé dau vao - dau ra tir dir liéu thir nghiém nhu mang no-ron, may véc to
ho trg (Support vector machine), cay quyét dinh. ... Thich hop cho EPS c6 dong hoc phuc
tap va khi c6 san dit liéu dau vao - dau ra 16n, uu t1en du doan hon dién giai co ché.
2.1.2.2. Lua chon phwong phap va céc gia thiét khi xAy dung mé hinh dong lue hoc

Luya chon phuong phap: Qua phan tich ¢ myc trén cho thay mo hinh tuyén tinh 13
phuong phap don gian, hi¢u qua, dé hiéu va trién khai, nhung dé dat dugc d6 chinh xac
cao hon, can b6 sung cac hiéu tng phi tuyén quan trong. Piéu nay giup mod ta chinh xac
hon cac DLH phirc tap trong hé théng ma khong cAn nhirng mé hinh phi tuyén phtc tap
hodc luwong dir liéu 16n nhu trong mé hinh hoc may. Phuong phap nay 1a can bang hop 1y
gitra tinh don gian va d¢ chinh xac. Do vy, luan an lya chon phuong phap xay dung mo
hinh DLH cho hé thong 14i EPS 14 4p dung mo hinh tuyén tinh két hop véi cac yéu t6 phi
tuyen nhu do nhot cua vat liéu, d6 can nhdt va ma sat kho.

Cdc gid thiét khi xdy dung mé hinh:

- Coi hé thdng 1a mo hinh PLH hé da vat thé duoc lién két voi nhau bang cac lién
két khau khép. Cac khau cia mo6 hinh co hoc c6 khdi luong tap trung dat tai trong tam.

- Cac khau c6 do cing 16n nhu ngdng truc banh xe, don quay 1ai, thanh dy bén xem
nhu cing tuyét doi. Cac khau con lai nhu dong co dién; thanh xoan; banh riang, thanh
ring, banh xe 12 khau dan hoi duoc mé hinh hoa thanh cac hé 16 xo va giam chén.

- Cac thanh phén co hoc nhu do cing, d§ can nhét c6 dac tinh tuyén tinh. Cac hiéu
g phi tuyén nhu ma sat kho, do cing khong tuyén tinh khong dang ké hodc c6 thé bo
qua.
2.1.2.3. XAy dung md hinh toin hoc PLH h¢ thong lai

Mo hinh PLH cuia hé thdng 1ai EPS dugc trinh bay duoc thé hién nhu Hinh 2.3. M6
hinh gff)m bdn mé hinh con: Cum vanh 14i d&én co ciu lai; Cum trg luc 1ai; Hinh thang lai
Ackermann; Banh xe din huéng.

Xem x¢&t trong hai truong hop:

Truong hop 1: Khi xem xét tat ca cac khau déu c6 tinh dan hoi.

Truong hop 2: Khi coi khau Is, I, 1, lg ciing tuyét d6i, cac khau con lai dan hoi.

a. Trwong hop 1

Céc phuong trinh vi phan biéu dién PLH cac khau trong hé thong 14i

Phuong trinh vi phan chuyén dong ciia vanh 1ai -truc lai:

Jaba =Ta = [Kc(¢a = ¢p) + De(@a = @)1 = [Bepg + Mcsign(@q)] 2.1)

Trong d6: Ty = Kc((pd — (pp) + DC((,bd — (,bp) mé men do duogc ciia cam bién.

Phuong trinh vi phan chuyén dong ctia motor trg lyc dién:

]m(;[)m = Tm - [Km((pm - im(pp) + Dm((pm - im(pp)]

_[Bm(pm + MmSl.ng((,bm)L (22)

Phuong trinh vi phan chuyén dong cua banh rang:

]p(;bp = im[Km((pm - im(pp) + Dm((:bm - im(pp)] + [Kc((pd - (pp) + Dc((pd -

(pp) K ((pp yr/rp) + Dp((pp - yr/rp)] - [Bp(pp + MpSign((pp)] (2.3)

Phuong trinh vi phan chuyén dong cta thanh ring:

mrj}r = [Kp((pp_YT/rp) +Dp((pp yr/rp) /T' K (yr 15(,05)"'

Dr(yr - lS(pS)] - [Kr(yr - 17907) +D (:Vr l7(p7)] ) [Br:Vr + FrSign(yr)] (2-4)
Phuong trinh vi phan chuyén dong quay cua thanh day bén phai ls:

J5@s5 = [Kr(Vr — ls@s) + Dr(Vs — Isps)1/ls — [K5(@s — @) +
Ds(¢s — @6)] — Mssign(ps)] (2.5)
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Phuong trinh vi phan chuyén dong quay cua thanh déy bén trai [;:

1797 = [K-(Vr — L797) + D, (¥, — L197)] /17 —

[K7(@7 — @g) + D7 (@7 — ¢g)] — M7sign(¢s)] (2.6)
Phuong trinh vi phan chuyén dong quay ctia cum ngong truc banh xe bén phai lg:
J6®6 = [K5(@5 — 96) + Ds(P5 — @6)] —

[Ke(@6 = Puwr) + D6(@6 — Pur)] — Mesign(Pe) (2.7)
Phuong trinh vi phan chuyén dong quay cuia cum ngdng truc banh xe bén trai lg:
Jepg = [K7(@7 — @g) + D7(Pp7 — Pg)] —
[Ks(9s — @uw) + Dg(@g — @u1)] — Mgsign(pg)

I'7,[ﬁ7,JL71‘ \ Ir:yr:mr I5,m5:J; ‘Vle,me,J(‘,‘ »

L , ? \;
: ’m‘_l_.Ta v (W;’:JP:TP

‘\
| | f
‘ | |
; ®Pm; JmJ Tm ‘1
8% :‘ V
! <3 ' Pas Jd: Td
‘ E
I Ts | |
| ECU |e———— |
{ Torque signal '
| Vehicle I ‘ ‘f
| speed (v) ‘;
|
\‘
\
F
|

3 \1
Hinh 2.3. M6 hinh DLH EPS
Phuong trinh vi phan chuyén dong quay ctia banh xe bén phai va bén trai:
Jw®Pwr = [Ke(®6 — Our) + De(P6 — Pur)] — [Kafafr + Dafdfr] (2.9
JwPwi = [Kg(@s — @wi) + Dg(Pg — @ui)] — [Kop@sr + Dosis] (2.10)
Phuong trinh vi phan chuyén dong quay cua diém tiép banh xe bén phai va bén trai
v6o1 mat duong:
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Jrls = [Kef@p + Dogltsr] — Ty (2.11)
Jibs = [Kopap + Dogap] — Ty (2.12)
b. Truwong hop 2
Do trong hé théng 1ai cac khau Is, [;,1g, Ig cimg hon nhiéu, s0 vo1 cdac khau con lai, (,ié
giam khoi lugng tinh todn va tranh viéc xac dinh cac tham s6 dau vao khong chac chan
trong mo hinh (K5, K¢, K7, Kg, Ds, Dg, D7, Dg, Ms, Mg, M7, Mg) ma van ddm vao do chinh
xdc cua bai todn, cac khau Is, l7,lg, Ig duge hoa ran. Luc nay cac phuong trinh m6 ta DLH
cua truc lai, dong co di¢n, banh r?{ng co cau lai van nhu trén. Phuong trinh vi phan
chuyén dong cua thanh rang dugc biéu dién nhu sau:
mreqj}r = [Kp((pp - yr/rp) + Dp((pp - yr/rp)]/rp
[Kreqyr + Dreqyr] - [Brveqyr:l' FreqSign(yr)], (2-13)
Phuong trinh vi phan biéu dién PLH cua co cau hinh thanh 141 Ackermann nhu sau:
Js®s = Fils/2 + Fls/2
J797 = Fgly /2 + Fply/2

. . . (2.14)
Us — Melu1) P = L6Fpsin(@e — @s) + lgFpsin(@s — @5) — T
Us — mgly1) g = lgFEsin(@g — ) + lgFEsin(pg — @7) — Ty
Trong d6 cac phéan lyc dugc xac dinh thong qua hé phuong trinh nhu sau:
( FR.sing; + F2.sinps—F7. cosgp;+FY.cosgps + N, = 0
F}.cos@; + Fj. cos@s+F). sing;+F). Sings + Moy,
= [Kreqyr + Dreqyr] - [Breqyr + FreqSi.gn(yr)]
N,l,/2+F"l.cosps—F%l, sings = 0
F +mslss/2 — Fy = 0
Fj —mslsp2/2 — Fg =0
Fils/2 + Fpls/2 — Js{ps = 0
Fiy + Flisings — Fhcosgps — mg@g = 0
) Cx BSINYs BCOSPs 6P6 (2.15)

Fey, — Fcosps — FLT;simpS - m616('p§/2 =0
leFgsin(@s — @s) + lgFpsin(@s — @s) + Mgly1@e — Trr = J6Pg
Fi —myly3/2 — F = 0
Fily/2 4 Fply/2 = J7907 = 0
—Fpy + Fsing, + Frcosg,; + mg@g = 0
— Fp, — Ficosp; — ngin(p7 + m8l8<,b§/2 =0
UsFEsin(@g — ¢7) + lgFpsin(pg — @7) + mgly1Pg — Ty = Jgg

c. Dong hoc hinh thang lai Ackermann
Pé xac dinh mdi quan hé dong hoc hinh thang 1ai Ackermann luan an sir dung

phu’O‘ng phép gidi tich véc to. Quan hé goc quay cua hinh thang 141 nhu sau:

A+ A2+B2—(?
<p5 = 2arcth—C

D+ D2+E2—F2
E-F
(2.16)
\/G2 +H2-K?2
-K
_\/LZ +M2—N2

M—-N

Qe = 2arctg
4

Q7 = 2arctg

| P = 2arctg
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Hé phuong trinh xac dinh van téc goc quay va van toc dich chuyén cta khau la:
(Ps = 11€059s/(Issin(@s — @s))
) P =— nycos@s/(lesin(pe — ¢s)) (2.17)
@7 = nycospg/(l7sin(@g — @7)) '
\Qg == Nyc05¢7/(lssin(pg — ¢7))
H¢ phuong trinh x4c dinh gia toc cac khau la:
r.. — l . .2 _ l . + l . -2 l .

@5 = (lesinge@g — lgcospePe + lssinps@z) /(Ls. sings)

P = (11 — lscos@ep — lscos@sp3)cosps/ (lsin(ps + ¢s))

Vi = Y + lgcosgg

{xN = x¢ + asin(®s — Psp) Xy = X¢ + asin(9s — Pso)
Yn = Yc — acos(@s — Pgo) Yn = Y¢ — acos(Ps — Psp)
{xL = xp + asin(eg — Pgp) {xL = xp + asin(pg — Pgo)

Y1 = Yr + acos(9g — @go) Y. = Yr + acos(9g — 9go)
Nhu vay tir cac hé phuong trinh trén ta c6 thé xac dugc quy dao, vi tri, van toc va

. L, . L . (2.18)
@7 = (lgsinggpg — lgcospgPs + l7sing;97) /(17 sing7)
(s = (72 — lgcos@g@f — Lycos7¢5)cosp;/(L;sin(@s + ¢7))
Trong d6: n; = % t @1, N, = % + 1y Ny = lp;lr +y.n, = l”;lr +y,
A =—2hlg; B =—2nls;C=h?>+n} + 12— 12, D =— 2hl;
E—-2nlg F=h?+n?+12—12,G= —2hl;; H=—2n,l;
K=h>4+n5+ 1 —13L=—2hlg; M =—2n,lg; N=h>+n3+ 15— 12
H¢ phuong trinh xac dinh vi tri 8 khép A, B, C, D, E, F, N, L
{xc =0 {xp =0
Yc=0 yr=0
{xB = —leSinQg { x4 = xp—lssingg
yB = lgCosQg Ya =Yg+ lgcosos
{ Xp = Xy Xy = Xp—lgsingg
Yp=Ya+l (2.19)

gia tc cua cac khau, khdp trong hé thong 14i.

Cdc buéc tinh toan chi tiét Trwong hop 2 xem PLII.

2.1.3. Xay duwng mé hinh PLH chuyén dong ciia 6 to

2.1.3.1. Cac gia thiét khi xdy dung md hinh PLH chuyén dgng ciia 6 td
a. Cac gia thiét vé hinh hoc va dong hoc cia xe

Than xe duoc coi 1a vat thé cimg 1y tudng, khung xe khong bién dang. Hé thong 1ai

tac dong déng déu, goc quay hai banh trudc tudn theo Ackermann hoic gin dung.
Chuyén dong dugc gian luge trong mét phang ngang moé hinh 2D, toa d6 XOY, tam khéi
lugng coi nam trén mit phang duong. Cac chuyén dong theo phuong dimg nhu lic ngang
(roll) va nhtn (heave) khong xét; anh hudng nay chi dugc xem xét riéng khi xac dinh
phan lyc thing ding va tai trong khi quay vong c6 ké dén bién dang hé théng treo.

b. Cdc gid thiét vé banh xe

Khong xét trugt quay, van tdc goc banh xe can bang véi van toc xe tai diém tiép xuc.

c. Cdc gid thiét vé dong lwe hoc

Khi dong hoc phirc tap bi bo qua, chi xet lyc can khong khi dang tuyén tinh hodc ti

1€ vé&1i binh phuong van toc.
d. Mat dwong, hé thong treo va ngoai luc
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Mit dudng cting, phang; hé s6 bam déng nhat va khong doi. Hé thong treo coi tuyén
tinh, chi xét truyén luc, khong xét dao dong than xe (s€ xét riéng khi tinh tai trong théng
dung thay d6i co xet dén anh huong bién dang cua h¢ théng treo). Bo qua ngoai lyc nhiéu
nhu gié bén; gia tdc trong trudng coi khong ddi theo phuong thang dimg.
2.1.3.2. X4y dung mé hinh PLH chuyén ddng ciia 6 to

Luan an thiét 1ap mo6 hinh PLH chuyén dong 6 t6 hai vét dé tinh toan cic thong sb
dong luc hoc chuyén dong 6 t6. Tir md hinh hai vét thiét 1ap mo hinh DLH chuyén dong
mot vét dé xay dung mdi quan hé giita cac thong sé DLH chuyén dong 6 t6 voi goc lai, tur
do6 tao dicu kién thuén tién cho viéc giai phuong trinh vi phan chuyén dong dé xac dinh
céc ham truyén giita goc 1ai, mdé men 1ai v&i thong s6 dong luc hoc chuyén dong cua 6 6.

M6 hinh BLH chuyen dong hai vét duoc thé hién Hinh 2.4.
F.s e 4

Xo L

Hinh 2.4. M6 hinh DLH chuyén dgng hai vét
Ap dung nguyén 1y D'Alembert, ta co:
ZF+ZFmertlal=O {ZF stj_o
{ZM +ZMlnertlaj_0 XM - Z]]S =0
Trong d6: ¥ F; - tong luc ngoai luc; 3 F; inertia,i - tong luc quan tinh; Y M, - tong
momen ngoai lu; Y, Minerriq j- tong momen quan tinh; §;- gia tde; §;- gia tde gobc.

(2.20)

Do d6, hé phuong trinh chuyén dong cua 6 t6 dugc chiéu 1én cac truc Cx, Cy va
quay quanh truc Cz la:

XFX)=0

LEWY)=0 (2.21)
YM(Z) =0

Finertiax + Fepx + 2?21 Frix+ 2?21 Fo,=0 (=1+4)

Finertiax + Fefy + Yooy Frix + Xy Frix = 0 (2.22)

4 4 4 4
Minertia + 2oy XiFriy + 21 YiFrix + 2oy YiFnix + 2 XiF iy = 0
Trong d6: Fipertia Finertiay- IUc quan tinh doc theo cac truc Cx va Cy; Fyy ., F
luc Iy tdm doc theo cac truc Cx va Cy. Cac luc nay dugc xac dinh nhu sau:

cfy”
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(Finertia,x = mX

F inertiax — my

{Fry=mv?/psinp (2.23)
F., =mv?/pcosp

LMinertia = ]zl/}

Do do, cac phuong trinh vi phan md tad dong luc hoc chuyén dong cta xe st dung
mo hinh hai vét (bon banh) dugc thé hién nhu sau:
( mx = mv?/psinf + 2?21 Fr;cos8; — Z?Zl F,;siné;

{ my =—mv?/pcosP + i, Frisind; + % Fricos6; (2.24)
U = Z;Ll XiFr;siné; — Z;Ll YiFricosé; + Z;Ll YiFpising; — Z;Ll XiFy;c088;
(i = v + B)sin +— (TL, Fricoss; = Xt Fusind;)
1y =— v + B)cosB +%(Zf:1 Fr;sind; + Z?Zl F,;c0s6;) (2.25)
\]zij} = 2?21 x;Frisind; — 2?21 yiFricosé; + 2?21 YiFpising; — 2?21 x;Fnicosd;

Mait khac: p = v/(Y + B); ¥ = vsinfl; X = vcospP (2.26), tir d6 ta co :
b= () + PGB + o (L, Fricosd, = Ti, Fuising)
g =— %tgﬂ —P+ mv;sﬁ (2?21 Frisind; + 2?21 Fico0s6;) (2.27)
S ]lz [Z?:l Fri(x;siné; — y;cos8;) + Z?zl Fri(yising; — x;c0s68))]

Coi: cosp = 1, sinfs = f.
b= v( + BB +— (XL, Fricoss; — Li_, Fusing;)
B=—2B—D+=(TL, Frsind; + 3}, Frcoss;) (2.28)
P = i[2?=1 Fri(x;siné; — y;cos8;) + Zle Fri(yising; — x;c0s68))]

Tir m6 hinh PLH chuyén dong hai vét ta bién d6i thanh mo hinh BPLH chuyén dong
mot vét truc trude dan hudng duoc thé hién Hinh 2.5.

F, mvVip
Hinh 2.5. M6 hinh PLH chuyén déng mjt vét
Phuong trinh vi phan ctia mé hinh DLH chuyén dong mot vét nhu sau:
mbv = v(p + B)Bm + Frp + Fr, — Fp 8¢

mv(B + ) =— mvp + Frpb; + Fpp + F, (2.29)
]Zl-[) = Ffof5f - anXf + Fnrxr
Trong do6:

27



ar = (a1 +ay)/2; Fry=Fp+Fp
a, = (as+a4)/2; Fpp=Fp+Fp

(2.30)
6= (61+62)/2; Frp=Fr3+Fry
0, =0803=0,=0; Fp=Fpz+Fp
veosP = vecos(ay — a,); veosP = v.cosa,
. . 2.31
vesin(8r — ;) = xpP + vsin; v,.sina, = x, — vsinfs 231)
.. _ _ xf1])+vsinﬁ' _ xrllj—vsinﬁ
Do do: tan(6 — a,) = R tana, = ———— " (2.32)
Khi goc bién dang nho: ar=—pf + 86— ﬂ; =— [+ % (2.33)

Coi 10p bién dang tuyén tinh, ta c6: F,p = Kras (2.34), Fpr = Koo, (2.35), thay
(2.33), (2.34) va (2.35) vao (2.29) ta duoc:

mi = v + B)Bm + Fry + Fry — Kop(— B + 67 — "f"’)af

mv(f + ) =— mif + Frp8; + Kaf( — B+ 8~y 4 K (— B ) 236)

Jab = Frpxp8; = Kop(= B+ 8, = L0)xp + Ko (= B +—L)x,
Khi 6 t6 quay vong on dinh, ¥ = 0 va luc doc can bang.

mu(B+ ) = Ko (= B+ 85 =20 + Kp(— p+ )

Jb == Kop(= B+ 87 =0y, + Ko (— B+ 2D,

Tu m6 hinh PLH EPS nhu Hinh 2.3, ta c6:
5f _ $d _ isTy _ $d Fyr(netng)cosye  @q  Kopapns

(2.37)

= A = (véln =(nk+nr)COSYC)

iS KS ig Ks iS KS
@ Kyfng X 1 Kafns b
=84 _ZUB (g4 -0 =Tfns_ ~= (B+f)] (2.38)
s s 1+K—
o, = K [0a | nep XY
> oy = [ v 2+ 2| (239)
<. 1 _ K“f 1 —L 1

Dat . K af — 1+K(;(fns hay K’(Zf - K(Zf t K /ng (2.40)

Thay (2.39), (2.40) vao (2.37), nhan duoc:
M + (Ko + Ke)B + [m? = Kepty — Koy = Ko 22

. 5 oy (2.41)
J + (K'opxf + Karxﬁ); — (Karxy — K'gpxf) B = K'afxfz

2.1.4. Xay dung mé hinh PLH banh xe dan hoi

Cac phan lyc tir mat duong tac dung 1én banh xe duoc thé hién nhu Hinh 2.6. Trong
d6 v,; 1 van toc doc ctia banh xe, vy; la van tde ‘ngang ctia banh xe, v; 13 tong hop van toc
ctia banh xe va f8; 1a goc hop bai phuong vén toc v; va phuong chuyén dong cua than xe.
Céc lyc tac dung tir mdt duong 1€n banh xe bao gém: phan luc thang déng F;, phan lyuc
ngang F,;, phan luc doc Fr;.
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Vi Fni

Hinh 2.6. Cac luc tac dung tir mat dwong Ién banh xe

Hai dac trung lién quan dén chuyén dong cua banh xe 1a su truot doc va su 1é€ch bén
cta 16p, twong ng giy ra su truot khi banh xe truyén luc doc va goc l1éch bén ciua banh
xe dudi tdc dung cua luc ngang.
2.1.4.1. Goc léch bén ciia banh xe

Goc 1éch bén cua cac banh xe c6 thé xac dinh tir Hinh 2.7 nhu sau:

a; =B =6 ) (2;42)

Trong do goc Iéch S; gilta phuong van toc cua cac banh xe va phuong chuyén dong
cua 0 to duoc xac dinh bodi:

B; = arctan (@) (2.43)

Uxi
Nhu vay dé xac dinh dugc goc 1é€ch bén cua cac banh xe, can phai xac dinh dugc cac
thanh phan van téc v,; va v,; cua ching. Van toc theo cac phuong cua banh xe dugc xac
dinh nhu sau:

Vel = Uy — XAY
Bénh xe phia trudc, bén trai: { a1 = Ve XY (2.44)
Uy =V, + yfll)‘
Vg =V, + X
Bénh xe phia trudc, bén phai: { w2 = Vet XY (2.45)
Vyy =V, + yftlj
Vyz =V — X
Banh xe phia sau, bén trai: { *3 g rl'{) (2.46)
Vy3 = Uy — yrlp.
Vyp =V, + X
Banh xe phia sau, bén phai: { x * TI/.J (2.47)
Vys = Vy — v

Hinh 2.7. Cac goc quay cua banh xe
2.1.4.2. Phan lyc ngang tac dung tir mat dwong l1én banh xe
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Kha ning on dinh hudng chuyén dong cia 6 t6 duge dic trung boi do 16n ciia phan
lwrc ngang tor mat duong tac dung 1€n cac banh xe F,;. Gia tri nay phu thudc vao goc léch
bén ciia 16p « va tai trong thang dung tac dung 1én 16p F,; theo cong thirc thuc nghiém
“Magic Formula” ctua Pacejka [118].

Quan hé gitta phan luc ngang F, va goc Iéch bén o véi cac gia tri khac nhau cua tai
trong thang dimg F, theo cong thirc Magic Formula duoc thé hién nhu Hinh 2.8.

Fa(@)
D ¢ 4 Fn{yo)
£ i T
. s T e e
| E Y : Dsin(Cr/2)
| |
BCD I |
. | N 1L 5
L icr2z :
: ! :{ sin(Catan(c))
| =S
| | .
| / N SeE
i { ] Y
C atan(a) 5 /
| | 4
[ 14"
1/
',: % a=Bx - E(Bx -atan(Bx)
\ 1
- ocall & .\' I :
S 1! L
3% TR 1
1

Hinh 2.8. Y nghia cia cdc tham s trong cong thirc Magic Formula [118]
F,(a) = Dsin(Carctan(Ba — E(Ba — arctan(Ba)))) (2.48)
Trong d6: € 1a tham sb hinh dang; D = a,F2 + a,F, 1a tham s6 anh huéng dén gia
azsin (arctan(a4F§+a5Fz))
cD

assin(arctan(a,F2 + asF,)) la do cing ngang cua 16p; E = agF? + a;F, + ag 1a tham
s6 anh huong dén do cong; a = [ay, ay, as, a4, as, ag, a;, ag] 1a cac hé sé phu thudc vao
kiéu va loai 16p.

Quan h¢ gitra phan lyc doc va phan luc ngang tir mat duong tac dung 1én cac banh xe
mo ta nhu Hinh 2.9 duoc biéu dién bang phwong trinh:

“F nimax(ai: Pi, F. Zl)

1a tham s6 d6 ctimg ngang cua 16p; BCD =

tri cuc dai cua F,; B =

F Timax(ai: Pi, E Zi)

)

Hinh 2.9. Quan hé giita phan lyc doc va phdn luc ngang

G+ () -
FTimax Fnimax

FTimax = in(pxj
Frimax = in(pyi ) ) i
Trong do: @, ;- h¢ s6 bam doc va h¢ s6 bam ngang; F ;- phan luc thang ding tur

(2.49)
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mat duong tac dung 1é€n cac banh xe, dugc xac dinh tr m6 hinh dao dong ctia 6 t6 trong
khong gian.

2.1.5. Xdy dwng mé hinh xac dinh tii trong phéan bé 1én banh xe

Xay dung md hinh tinh toan phan bd tai trong khi 6 t6 quay vong c6 ké dén tinh dan
hoi ctia hé thong treo. Céc gia thiét khi xdy dung m6 hinh:

- Xét trén dudng bang phang va chuyén dong quay vong déu.

- Coi than xe cung tuyét ddi duoc dat trén hé treo dan hodi, dudi tac dung cia luc ly
tam than xe bi nghiéng quanh truc ndo d6 mot goc 1a ¢. Trong tam ciia 6 to dat tai chiéu
cao h, so voi mat duong.

Fz4
Hinh 2.10. Lwc ly tam va sw thay déi phan lwc thing dirng

Luc ly tAm tinh (Centrifugal force) bang: P of = m; (2.50)

Mo men lat do luc ly tam M,, dat cach truc nghiéng than xe 1a h', khi do:

M, = m%ﬁh' (2.51)

M6 men nay lam thay doi cac gia tri cua phan lyc thang ding dat tai cac banh xe.
Khi xe quay vong ¢ truc trude tai trong thay doi mot lugng la AZf, banh xe phia trong
giam di AZ; = AZy, banh xe phia ngoai tang lén AZy. = AZj, twong tu v6i truc sau. Bo
qua lyc gio doc va gi6 ngang, tai trong thang dimg tac dung 1én cac banh xe 1a:

(F, =2 -z,
Fp= Tf +AZ,

F (2.52)
Fz3 = Tzr - AZr

| Fuu =2 +4A2,

Trong d6: F ;- trong lugng phan bd 1én cac banh xe.
Hinh 2.11 than xe dugc thay thé bdi két cau thanh, than xe quay vong xung quanh
truc nghiéng doc O va O, céc truc xe lién két dan hoi voi than xe. Luc ly tam phan dugc
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' v . A ) 7. A A A ' v ] A y
treo m % gdy nén tai trong tdm 7" v4i md men gay lat m %h . Trong tdm 7’ quay quanh

truc nghiéng doc va tao nén dich chuyén ngang la: h'sing ~ h'¢p. Do d6 xuat hién mo
men phu gy 1at 1a m'gh'¢. M6 men gay 14t do hai thanh phan trén 1a:

M, = m'%zh' +m'ghg (2.53)

vz,

Hinh 2.11. So do tinh todn géc nghiéng than xe ¢ va sw thay déi phan luc thing dieng

o) phﬁn khong dugc treo cua truc trude va truc sau chiu anh huong cua cac luc ly
" 2 " 2 A N A , 5 " \
tam m f% vam r% dat cach tryc nghiéng doc cta than xe cac khoang (pr — h'"f) va

‘ AZ; IAZf

(p, — h'"",). Mo men gy lat ctia cac phan khong dugc treo la:

" 2 "
Mps =—m's—(ps = h'f) (2.54)
" 2 "
Mnr =—m r%(pr —h r) (255)
M6 men gy 14t tong cong khi quay vong cua 6 6 1a:
1! 2 " " " " 2
Mn=mh(%+gqb)—[mf(pf—hf)+mr(pr—hr)]% (2.56)

M6 men M, nay s& can bang véi mdé men dan hdi chong 1at do cac phan tir dan hoi
dat & banh xe gay nén:

M, = (Cspf + Cspr)¢ . , (2757)

Xét nhu Hinh 2.11, 1ap phuong trinh can bang mé men d6i véi Of va O, (diém gitra
ctia hai vét banh xe nam tai mat duong) ta co:

AZpt,=m' SErp. 4 M ! 2.58
'172 X’f 1 " 172 "

AZrtr=m?Tpr+Mnr+m r?h r (259)

Gid tri M'yp = Cyppp va My = Coprh
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mh v2

Trong do: ¢ = Y ———— (2.60)
Thay (2.70) vao (2.68) va (2.69) ta co:

_ ) AN T
AZf =m p tf(L pf + Cspf+C5pr—m'gh'h) + " h f (261)

2 . "
el La Copr ! moyn

A, =m——(-p,+——F—h +—h 2.62

r Pty ( L Pr Cspft+Cspr—m gh m r) ( )
Xy X’ v
|4
—
T 79 r
- T’

"m’g T

1
RN . n
| T¢ =
7 Ny L

D
L

%
\
/

y
Xt X’y X’¢

mg %f ll mg %r

Hinh 2.12. Khodng cdch tiv T’ dén ciau xe  Hinh 2.13. Xdc dinh truc nghiéng thin xe
Khoi luong toan bg cua 6 to6 m dit tai trong tdm 6 t6 7. Theo nhu Hinh 2.12 x'f va
x', ¢6 thé xac dinh bang cong thuc:

( . mxf—m"r.L
Xfr= T
X' = mxr—m”r.L
177 mo . (2.63)
m=m—(m;s+m,)
o mhg—m"fh"f—m"rh"r
\h U m'

Néu coi than xe 1a cing tuyét ddi. Chiéu cao tir 7" t6i truc nghiéng doc theo phuwong
thang dung dugc xéac dinh:

B =, - M (2.64)

L
D§ clmg cita hé treo C, = T (2.65)
k

AZ) - sy thay d6i phan lyc thang ding; Ahy - d6 dich chuyén cia banh xe theo
phuong thang ding.

Su thay do6i phan luc thang ding AZ), gdy nén cac momen chong lat:

M'ni = AZkti = CSpAh'kti (266)

t;- 1a chiéu rong cua vét banh xe cau tha i, (i = f,7) (m)

Néu géc ¢ 1a nho thi Ay = 2. Do vay:
: tf
M, = Csp?qb (2.67)

M6 men chong 14t nay con cé tén goi 1a mo men dan hoi chong 1at. Thong thudng
dung ky hi¢u:

2

My = Cox tic la: Coy = Cyp s (2.68)

2.1.6. Xay dung mo6 hinh xac dinh mé men cin quay vong

M6 hinh goc dat truc dung va goc dat banh trude nhu thé hién nhu Hinh 2.14.
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r,Cos(yy)=ry

r.tany,

Hinh 2.14. Goc dat banh xe va tru dung
Mo men can mat duong dugc xéac dinh 1a gia tri 16n hon trong hai gié tri: mé men
can thyuc té cia mat dudong va moé men can dugc tinh theo ap suét tiéu chuan cua lép.
M6 men can duoc tinh theo 4p suét tiéu chuan cua 16p [119]:

T.s = (u/3) [F3/p (2.69)

M6 men can thuc té ciia mat duong: T,, = 2(Tpy + Ty + Try) (2.70)

M6 men can quay dudi tac dung cua phéan luc ngang Tr,: GOm hai thanh phan, mot
la m6 men can T?g, do goc dat nghiéng doc (caster) cua try dung tao ra canh tay don voi
tam banh xe mgt khoang n;; hai 1a mé men can T;; do phan luc tac dung 1én banh xe
léch vé sau so voi tdm banh xe mdt khoang n,.:

Tpy = Tg, + Tg, = Fyp(ny + n,)cosy, = Fyp(ry,siny, + n.cosy,) (2.71)

V6i Ty, = Fymycosy.; Ty, = Fym,cosy, (2.72)

M6 men can quay duoi tac dung cua lyc doc (lyc can lan) Tr,, khi banh xe quay di
mot goc &, luc doc F, s phan thanh hai thanh phan F,¢siné va F,scosé.

+ Thanh phan F xfSind tao ra mé men can quay c6 canh tay don la:
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n, = (n, + n,)cosy, (2.73)

Tpy = Fysindng = Fyrsind(ny + n,.)cosy, = Fyery siny sind (2.74)

+ Thanh phén thit F xf€0SG tao ra md men can ¢ banh xe bén trdi va bén phai c6 do
16n nhu nhau va nguoc chiéu nhau nén bj triét tiéu.

M6 men can quay dudi tac dung ctia phan luc thang dimg do goc dat nghiéng ngang
(kingpin) cua tru dung Tr,:

Tg, = F erysiny,sind = F,e(rscosy, + rysiny,)siny,sind (2.75)

Voir, = (rs — rytgy,)cosy, = rsCosy, —1,Siny, (2.76)

Vay tong md men can quay ciia mot bén banh xe dan hudng khi quay vong la:

Ty = (Tpy + Tpx + Tpy) = [Fyp(rysiny. + n.cosy.) + Fysr,siny, +

F,¢(rscosy, — r,,siny,)siny,sind)] ’ (2.77)

Nhu vay, md hinh toan hoc x4c dinh mdé men can quay két hgp voi md hinh dong
Iuc hoc banh xe dan hoi va xac dinh phan bd tai trong thang dimg c6 ké dén bién dang
ctia hé thong treo s& cho md hinh toan hoc mo ta day da vé: Mé hinh todn hoc xdc dinh
mé men cin quay theo géc dit tru dirng, géc dat banh xe, sw thay doi 80c quay binh
xe din hwéng, géc léch ngang ciia banh xe va sw thay doi tdi trong thang dirng tic
dung lén banh xe khi quay vong.

2.1.7. Xay dung mo6 hinh PLH dong co dién tr¢ luc
2.1.7.1. Cac loai dng co dién dwgc sir dung trong hé th}‘)ng lai EPS
. Cac loai dong co dién tr¢o luc dugc st dung pho bién trong hé thong lai ERS, bao
goém dong co DC, dong co budc (Stepper motor), dong co dong b khong choi than
(BLDC) va dong co dong bg vinh ciru (PMSM). Ludn dn lya chon djng co trg lyc cho
hé thong lai EPS nghién ciru la dong co PMSM.
2.1.7.2. Xay dung mo6 hinh PLH d¢ng co dién trg luc
Pé thiét 1ap mo hinh PMSM, luén an gia dinh: B6 qua d6 bao hoa cua 151 sat dong
co va tur thong ro ri; Loai bo ton that d(‘)ng dién xoay Vé‘lrd(f) tré trong dong co; Gia su
dong dién dong co la dong di¢n sin 3 pha doi xing; Sau bién doi (d — q), Lg, L, duoc coi
la khong doi, dong thoi bo qua anh hudng ctuia song hai khong gian.
Dua trén cac gia dinh trén, ching ta co thé thiét 1ap phuong trinh véc to dién ap stato:
Us = Rgige + Lglsy + jw pse/% , (2.78)
Phuong trinh di¢n ap trén hé toa d6 (d — q) duoc vict la:
Ugqg = Rsisd + (psd — WePgq
usq = Rsisq + (psq + WePsq
Psa = Lgqlsq + @f
(psq = quisq
M6 men dién tir caia PMSM theo tryc (d — q) la:

3 . . 3 . ..

T, = Epn((psdlsq - (psqlsd) = Epn [(pflsq + (Lsd - qu)lsdlsq]

(2.80)  Phuong trinh chuyén dong ctia dong co la:

Jm@m =Ty =T — T — By, (2.81)

Trong do: Ugg, Usq, Lsas Usqr Psar Psqr Psar Psqr Lsar Lsq - di€n ap cudn day stato, dong
dién, lién ket tir 1o to, lién ket tir stato va do tu cam theo truc (d — q); iz - dong dién
stato; @ ¢- li€n két tir 6 to; p,,- s6 cdp cuc cua dong co; wp,- toc do goc cua dong co; T -
mo men tai; Tr- m6 men ma sat; 6,- goc quay 10 t0; We = Py Wn,- tde do gbc dién cua hé

(2.79)
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truc (d — q) ; @,- bién do tr thong kich tur.
2.1.8. M6 men cin ngiu nhién

Cac kich ban mé phong dap mg cta bo diéu khién duoc thiét ké dé so sanh su dap
g cua bo diéu khién vé mo men trg luc trong truong hop sirc can mat duong theo (2.79)
khong c6 mo men gy nhiéu ngau nhién va trudng hgp c6 md men gay nhiéu ngau nhién
tac dung vao truc dong co dién tro lyc, m6 men gay ngéu nhién nay dugc gia dinh la
“Tiéng 6n trang-White noise” hoic “S6 ngau nhién-Random number”.
2.1.8.1. Nhiéu tiéng on tring (White noise)

Nhiéu tiéng on trang 1a mot tin hiéu ngiu nhién c6 pho tan s déu (flat spectrum)
trong mot dai tan rong. Piéu nay c6 nghia la nang luong cua tin hiéu dugc phan_ b deu
trén tat ca cac tan s6. Nhiu tiéng 6n trang thudng duoc st dung dé mo phong nhiéu ngau
nhién trong cac hé thong, dic biét trong phan tich va thiét ké hé thong diéu khién. Nhiéu

tiéng on trang c6 cong thirc toan hoc mo ta 1a:
2

N 1 XTHT
XO~N(O,0%) = e (2.82)

Trq(t) = X(t) * h(1)

Trong d6: X(t)- tin hiéu tiéng 6n trang; N'(0,6?)- phan phdi chuan cé trung binh
bang 0 va phuong sai 0%; T,4(t)- mo men gy nhiéu (tin hiéu dau ra); u = 0- gia tri trung
binh (mean); o?- phuong sai; - d6 1éch chuan (standard deviation); e- hing s6 Euler
(khoang 2.71828); V2ma?2- hang s6 chuan hoa dé dam béo rang tong xac suit bang 1.
2.1.8.2. Nhi€u ngau nhién (Random number)

Nhiéu ngu nhién 1 tin hi¢u ngdu nhién dugc tao ra tir cac phan phédi xac suét khac
nhau, thuong dugc sir dung dé mo phong tin hiéu ngau nhién hodc nhiéu. Khac voi tiéng
on trang (tap trung vao pho phang va phéan phdi ‘Gaussian), nhiéu ngau nhién c6 thé duge
diéu chinh theo nhiéu loai phéan ph01 x4c suat khac nhau, nhu phan phdi dong déu
(Uniform distribution) hodc phan phéi chuan (Normal distribution.)

1. Mé hinh todn hoc ciia nhiéu ngau nhién

Cong thire tong quat:

x(t) = R(f, u, g, Dist) (2.83)

Trong do: x(t)- gia tri cua tin hiu tai thoi dlem t; R- ham tao s6 ngau nhién dya trén
loai phan phdi xac suit; f- tin sudt tao gia tri ngdu nhién; u, o trung binh va d¢ léch
chuan (d6i v6i phan ph01 Normal); Dist- loai phan phéi xac suat, thuong la: Uniform

distribution- Phan phdi déu (gia tri ngau nhién nam trong mét khoang c¢d dinh) hodc
Normal distribution- Phan phdi chuan (gi4 tri ngiu nhién xung quanh trung binh).

2. Phén phéi dong déu (Uniform distribution):
Cong thuce: x(t) = R(f, u, g, Dist) (2.84)
Trong d6: a,b- gia tri bién dudi va bién trén, cac gia tri trong khoang [a,b] déu co
xac suat xuat hién nhu nhau.
3. Phdn phéi chudn (Normal distribution):
Cong thtc: x(t)~N(u, 02) (2.85)
Trong do6: p- gia tri trung binh; 6>- phuong sai.
Tin hiéu ngiu nhién dao dong xung quanh gié tri trung binh p véi phan phdi hinh
chuong (Gaussian curve).
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2.2. XAY DUNG BAN PO PAC TiINH TROQ LUC LAI HE THONG LAI EPS

Pic tinh trg luc 14i 13 dic tinh biéu dién mo6i quan hé giita mo men trg lyc va mod
men lai. Ban do6 déc tinh tro luc lai 1la d6 thi bi€u dién chum céc duong déc tinh trg lyc lai
theo van toc 0 to.

2.2.1. Yéu cau dic tinh tro lwc lai

Pic tinh tro luc 14i cia hé thdng tro luc 1ai dién phai dap tng cac yéu cau thiét yéu
sau [120], [121]:

Khi m6 men lai nhé: Hé thong phai cung cip tro luc tdi thiéu hodc khong cung cap
trg lyc dé dam bao cam giac 1ai, d6 on dinh va giam muc tiéu thu nang lugng.

Khi quay vong tai chd: Do mod men can 16n nhat khi quay vong tai chd, can tang
cong suat dau ra dé tang ¢ nhay, nhung phai han ché dé tranh qua tai va truc tric tiém an.

Khi quay vong: M6 men tro lyc tir dong co phai thip hon mé men can quay vong
tuong tng dé tranh hién tuong " hang 14i", ¢6 thé dan dén mat kiém soat phuong tién.

Khi van toc thap: O van tdc thap, mo men can cao c6 thé 1am giam cam giac 1ai do
nang lai. Pé dam bao kha ning phan hoi, can cong sudt dau ra cao hon, doi hoi phai cai
dat muc tang phl‘l hop.

Khi van toc trung binh: Khi van toc phuong tién tang, m6 men can va goc lai giam
trong khi yéu cau vé cam giac l4i ting. Hé thong EPS phai giam tro lyc dé can bang do
nhay va cam giac lai.

Khi van tdc cao: O van tdc cao, gbc vanh tay lai thay ddi rat nho, do d6 hé théng
EPS khong nén hd trg dé duy tri cam giac 1ai va dam bao do on dinh va an toan.

Diéu chinh cong suat dan dan: Khi van téc phuong tién ting dan, can diéu chinh
muc trg luc phai giam dan dan dé tranh bi giat dot ngot.

Gi61 han trg luc: Phai c6 ngudng trg luc dé ngan ngua su ) dong co. Ngay ca khi
mo men lai vurot qua ngudng ndy, dong dién van phai & gi6i han twong tmg véi dong dién
dinh muc cua dong co.

M6 men lai t6i da: Pé dam bao van hanh an toan va khong gay mét moi cho nguoi
1ai, luc tac dung lén vanh tay 1i toi da véi 6 t6 con gidi han & muc (20+50)N, dbi voi 6 t6
tai hoac 6 t6 chuyén dung, giéi han 1a (80+100)N [119].

Phai dam bao cho ngudi 1ai nhan thay duoc: Kha nang bam duong, su thay doi phan
bd tai trong theo phuong ngang, hién tuwong quay vong thiéu hodc thira, phan lyc tir
duong, do nhay & vi tri trung gian, vong phan hoi tré thuan nghich...

Buong déc tinh tro lyc lai c6 the duoc chia thanh 03 loai co ban: (1) Loai tuyen tinh:
Loai tuyen tinh, luc tro lyc tang tuyén tinh theo mé men 14i, dam bao phan tng nhat quan
va c6 thé du doan dugc. Tuy nhién, diéu nay co thé dan dén cam giac 14i kém tinh té hon,
dac biét 1a ¢ cac dlem chuyén tlep gifra vung khong trg luc va vung co tr¢g luc. Hon nira,
n6 khong gidi quyet day du nhu cau ting md men tro luc khi luc can 13i dot ngot tang 1én.
(2) Loai da tuyén: Loai nay c6 phuong phap trg luc phan doan, cho phép ting mé men tro
Iuc khac nhau & cac mo men lai khac nhau. Tuy nhién phuong an nay c6 thé dan dén trai
nghiém l4i kém ém i hon do su thay d6i dot ngot mirc tang m6 men trg luc, co thé anh
huong dén cam giac cua nguoi lai trong giai doan chuyén doi. (3) Loai dudng phi tuyén:
Loai duong phi tuyén cung cap moi quan h¢ lién tuc, muot ma gitta m6 men trg lyc va
mo men lai, cho phép tang dan lyc tro luc. Thiét ké nay nang cao trai nghiém lai véi tac
dong toi thiéu dén cam giac 1ai, mic du tinh phuc tap cia nd c6 thé 1am phirc tap viéc
diéu chinh va hiéu chuan. Ngoai ra tuy theo chién luge tro luc ma cac nha san xuat co thé

37



xay dyng cac dic tinh tro luc 14i hdn hop 1a su két hop cua ba loai dac tinh co ban trén.

y4 A Ta
Tamax
Tdmin Td1
— —— Tuyén tinh
— — — Datuyén tinh
Phi tuyén
a. b.

Hinh 2.15. So sanh cdac dwong dac tinh trg luc ldi
a. Cong sudt dau ra nhw nhau; b. Cam giac dwong nhw nhau

Hinh 2.15.a va Hinh 2.15.b so sanh ba loai dudng cong dac tinh tro luc lai. Hinh
2.15.a cho thay khi cong suat dau ra t6i da nhu nhau, loai tuyén tinh 16n hon loai da tuyén
tinh, loai da ,tuyén tinh 16n hon loai phi tuyén, dg do kiéu tuyén tinh nhay hon. Hinh
2.15.b cho thay khi cam gi4c 14i nhu nhau, loai tuyén tinh c6 m6 men trg lyc nhd nhat va
hi¢u suat kém sau thoi diem Ty >T 4.

2.2.2. Xay dung cac dang dac tinh trg lwc lai
2.2.2.1. Dac tinh trg luc lai tuyén tinh

M6 men tro luc dugc xac dinh nhu sau [120]:

0 Khi|T ;| < T gmin

To={KW)(Taq — Tamin) Khi Tgmin < |Tql < Tamax (2.86)
Tamax = K@) (Tamax — Tamin) KR |Tql 2 T gmax

Voi: Kw) = (Ty = Ta)/(Tamax — T amin) (2.87)

Trong d6: T gmin duoc lua chon dé dam bao an toan va cam giac lai khi m6 men can
duong nho. T g~ m6 men lai 16n nhat ma ngu’(n 1ai can tac dung 1én vanh tay 1ai ing
v6i thoi diém mé men can mit dudng 16n nhat. K(v)- hé sd khuéch dai duoc xac dinh
thong qua thur nghiém.
2.2.2.2. Dic tinh tro lyc ldi da tuyén tinh

M6 men tro luc dugc xac dinh nhu sau [120]:

(0 Khi |Td| < T gmin
Ko()(Tgq — T gmin) KhiT g < T4l =Ty
K(w)(T;—T + Ko()(T;—T,.,: KhiT;, <|T4 <T
T, =4 1(W)(Tg—Tgy) o) (T g = T gmin) a1 < T4l a2 (2.88)
Yo Kiw)(Tq—Ta) KhiTyi-1y < |Tql < Ty
kTamax = K(U) (Tdmax - TdO) Khi |Td| = T gmax

2.2.2.3. Pdc tinh tro lyc ldi phi tuyén
M6 men tro luc dugce xac dinh nhu sau [120]:
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0 Khi|T4| < T gmin
Ta = f(v; Td)f(Td) Khi Tdmin < |Td| < Tdmax (2~89)
Tamax = K(U) (Tdmax - Tdrq) Khi |Td| = Tdmax
Céc nha san xuét 6 t6 khac nhau c¢6 cac phuong phap khac nhau dé xac dinh f(v, T,).
2.2.2.4. Pdc tinh tro luc ldi hén hop
M6 men tro luc dugce xac dinh nhu sau:

0 Khi|Ty| < T gimin
T = Kl(v) (Td - Tdmin) Khi Tdmin < |Td| < Tint (2 90)
¢ f(v: Td)f(Td) Khi Tint < |Td| < Tdmax .

Tomax = K (U)T(*imax Khi |T,| 27 T gmax ) ) )

Trong d6: Ty = Tamax — Tines Tine- di€ém chuyén tiép gitra duong déc tinh tuyén
tinh va dudng dic tinh phi tuyén.

Khi T; < Tymin » m6 men trog lyc T, =0, dong co tr¢ luc chua kich hoat; khi
Tymin < |Tql < Tine, T, tinh theo ddc tinh tuyén tinh dé loi dung cong suit trg luc cao
ctia dic tinh tuyén tinh; khi Ty < 1Tyl < Tamayx To tinh theo dudng cong phi tuyén dé
c6 mo6 men trg lyc ting nhanh va hiéu suat cao; khi [Tyl = Tumax> Ta = KW T may, tro
luc ti da va khong ting nira du T, tiép tuc ting.

Cac loai ban d6 dic tinh tro luc 14i vé co ban co bién dang nhu hinh sau:

Curve Ta'Td (Vi [km/h]) Curve Ta'Td (\.ri [km/h])

T. [Nm]

a

T, INm] T, [Nm]

a. Ban do dac tinh tro luc 1Gi tuyén tinh b. Ban do ddc tinh tro luc ldi da tuyén tinh
Curve Ta'Td (Vi [km/h]) Curve Ta-Td (Vi [km/h])

a

T [Nm]

T, [Nm] T, [Nm]

c. Ban dé dic tinh tro luc 1di phi tuyén d. Ban do dac tinh tro luc ldi hon hop
Hinh 2.16. Cdc logi ban do dac tinh trg lwc ldi
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2.3. XAY DUNG PAC TINH TRQ LUC LAI LY TUONG CHO HE THONG LAI EPS
2.3.1. Phuwong phap xiy dung dic tinh tr¢ lwe lai ly twéng

2.3.1.1. Uu diém va han ché ciia phwong phép truyén thong

Phuong phap truyén théng c6 tinh truc quan, tin dung kinh nghiém 14i thtr va thuan
loi dé “tinh chinh” theo dinh vi thwong higu. Tuy nhién, nhiing han ché mang tinh hé
thong khién phuong phap nay kho dap ng y€u cau hién dai vé chuan hoa va tai lap. Thur
nhat, hiéu chinh dya chu yéu trén cam nhén chil quan 1am ting d6 khong chac chan va do
phan tan, gay kho khan cho so sanh khach quan giita cac phuong an; vi vay can cac thude
do da chiéu va cong cu théng ké nhu PCA (Principal component analysis) dé mé ta cam
giac lai tong thé, trong khi ban do dic tinh tro lyc 14i truyén thong khong dugc thiét ké
theo khung chi ti€u nay [122]. Thu hai, ban d6 dang bang tra 2D/3D theo mé men lai va
toc do xe thudng khéng gan voi co ché cam nhan lyc ciia ngudi 14i; cac két qua tam, sinh
Iy hoc cho thay quan hé giita kich thich co hoc nhu lyc, md men va cam nhan cht quan 1a
phi tuyén theo quy luat liiy thira ctia Stevens, nén néu hiéu chinh theo truc giac hoic gia
thiét tuyén tinh s& dé phat sinh ving “ qua nhay” hodc “kém nhay”, 1am giam chat luong
phan hoi va ting mét moi. Thir ba, ban do truyén thong thuong t01 uu theo ting mau xe
ma chua mo ta day du moéi lién hé hé thong giira tham sé két cdu nhu ti sb truyén, do
cimg 16p, ma sat co cdu, quan tinh mo to... va cam giac 1i; trong khi cic nghién ctru
thiét ké dic tinh trg luc 1ai va so sanh chién luoc diéu khién nhan manh vai trd cia cach
tiép can hé thdng va twong quan tham sb [123]. Hé qua 1a kho dong thoi dam bao tinh
muot, tuyén tinh cuc bo, 6n dinh quy dao va tinh tai 1ap cam giac 1ai giita cac xe trong
san xuat loat.
2.3.1.2. Huéng tiép cin

Pé khic phuc, cac tiép can hién dai tap trung két hop mé hinh hoa - mé phong, tiéu
chuan héa chi tiéu va 4o hoéa thu nghi¢m. Trude hét, “dic tinh tro luc 14i Iy tudng” duoc
dé xuat xay dung trén co sé mo hinh tong hop hé thong l4i - xe - nguoi lai, trong d6 quan
hé gitta m6 men 14i va “cwong dp chuyén dpng ldi”" duoc thiét 1ap theo quy luat tam 1y
va rang budc boi cac chi tidu cam giac 14i theo tiéu chuan nhu tiéu chuin quéc té ISO,
tiéu chuan Trung Qudc GB/T hoidc cac tiéu chuan twong duong. Tiép theo, ban d6 dic
tinh tro luc 1ai thuc t& duoc suy tim thong qua bai toan tdi wu da muc tiéu nham thoa
déng thoi yéu cau cam giac 1ai, 6n dinh quy dao, an toan chuyén dong va gio1 han cong
suat hé théng; nho vay c6 thé giam dang ké s6 vong thir nghiém duong khi phan 16n hiéu
chinh duoc thyc hién trong moi trudng moé phong. Pong thoi, cac nén tang MIL, SIL,
HIL cho phép tai 1ap kich ban phuc tap, danh gid cam giac lai c6 su tham gia cua nguoi
1ai trong moi truong do v6i mirc an toan va hiéu qua cao hon so voi thur nghiém thuc
[124]. Nhin chung, hudéng tlep can bén ving la chuyén tir ban d6 “theo moé men” sang
ban d6 “theo cam nhan”, thiét ké theo ciu tric mo dun, trg lyc co so, bu ma sat/nhiéu,
bao toan phan hoi du:ong, logic chuyén trang thai va t61 wru dua trén chi tiéu khach quan
nham ting tinh khach quan, tai lap va kha nang tong quat hoa gitra cac dong xe.

Tu cac phan tich trén ta thdy, theo phuong phap truyén thong, moi quan h¢ gitra mo
men 14i va “cudng do chuyén dong 14i” dugc diéu chinh gian tiép bang cach thay doi méi
quan h¢ anh xa gitra m6 men lai va moé men tr¢ luc 1ai hodc m6 men lai va vi tri hé thong
1ai. Khong c6 mdi quan hé truc tiép gitra moé men lai va “cudng do chuyén dong 14i”,
khién viéc diéu chinh vanh tay 14i tr& nén kho khan va khéng dé dang dap umg duoc ky
vong ctia nguoi 1ai. Pé giai quyét nhimg thach thirc nay, ludn an cin cr trén co s phin
tich dac tinh PLH cta EPS, PLH chuyén dong ctia phuong tién, tir d6 dé xuat phuong
phép biéu dién ¥ dinh l4i cia nguoi 1ai dai dién 1a mo men lai dudi dang “cudng do

40



chuyén dong 14i”. Phuong phap nay thiét 1ap mdi quan hé téi vu giita moé men lai va
cudng do chuyén dong 1ai theo quy luat lily thira cia Stevens, cung cap co sé 1y thuyét dé
t6i vu héa cam giac 1ai. Nghién ciru sir dung gia toc ngang va goc 1ai 1am bién trung gian
dé két n6i thong tin dau vao cta nguoi lai véi PLH cua phuong tién, tinh toAn md men
1ai thong qua PLH nghich cta hé thong 14i va PLH nghich chuyén dong ctia phuong tién.
Mdi quan hé phi tuyén tinh ciia mé men tro l4i véi van téc phuong tién va mo men 14i
duoc phén tich thanh ba mé dun chirc ning: M6 dun phong céach 14i; mé dun PLH diéu
khién chuyén dong phuong tién & trang thai on dinh va mé dun PLH hé théng lai & trang
thai 6n dinh. P& xuit mot mé hinh toan dién méi c6 cu tric o rang, chdt ch€, phan tich
dac tinh cua trg lai EPS dya trén "Phong cach 14i - DPLH hé théng lai - BPLH phuong tién".
Trén co so d6 xay dung 03 ban d6 dic tinh tro lyc 1ai ing véi ba phong cach 1ai khac
nhau: "Phong cach lai thoai mai", "Phong cach 1i thé thao" va "Phong cach 1ai hd tro da
muc”, tic 1 thoai mai & van tbe thép, thé thao & vén toc trung binh va ning chic & van
tc cao.

Vay dic tinh tro lwc ldi Iy twong trong ludn dn dwoc hiéu la: Dic tinh tro luc ldi
tao dugc cam gidc ldi phu hop quy lugt tam ly nguoi diéu khién phwong ti¢n. Dic tinh
nay phai dap tmg cac chi ti€u ¢ Bang 2.3 va can c6 nhing tinh chat sau:

Ban dd dic tinh tro luc 1ai duoc tao ra tir mo hinh toan hoc ¢é ciu truc, lién két o
rang gitta dong luc hoc xe, hé thong 1ai va muc tiéu cam giac 1ai;

Céc tham sd thiét ké duoc tach bach thanh nhom thudc vé phén cung xe va nhom
thudc vé cam nhén - phong cach lai cua nguoi diéu khién;

Viée tuy chinh ché do 1ai dugc thyc hién thong qua 16p tham s6 cam nhan, khong
lam thay ddi ciu tric phan ctng hoic logic diéu khién nén;

Quy luat tam 1y vé kich thich va cdm nhan ctia con nguoi dugc tich hgp dinh lugng
vao qua trinh tao ban dd dac tinh tro luc 14i;

Cac rang budc vé kha nang thuc thi, o bén virng va tinh nhat quan dugc xem la mat
phan ctia bai toan thiét ké ngay tir dau.

2.3.2. Co sé khoa hoc vé cam giac lai theo quy luit tim ly nguoi diéu khién
2.3.2.1. Co ché nhan thirc ciia con nguoi vé chuyén dong 14i 6 to

Nhan thirc chuyén dong duoc thuc hién boi hé théng than kinh trung wong CNS
(Central nervous system) dya trén dau vao cam gidc tir hé thong thi giac, tién dinh va cam
gidc cta co thé [125]. CNS két hop hé thdng thi gidc voi hé thong tién dinh va cam giac
clia co thé dé nhan biét chuyén dong cua chinh nguoi 141, tr d6 nhan thac duge su di
chuyén ciia phuong tién. HE thong thi giac la phuong tién duy nhat ctia nguoi lai dé phat
hién hinh dang dudng sdp toi va ¢ thé cam nhan duoc chuyén dong cua phuong tién so
v6i moi trudng xung quanh; ngudi 1ai cam nhan duoc cac chuyén dong quay va tinh tién
ciia ddu théng qua co quan tién dinh, bao gdm nhiéu co quan cam giac va cac co quan
cam giac co thé. Chung phat hién céc trang thai khac nhau ciia co thé nhu ap luc tiép xtc,
nhiét do, vi tri chan tay va con dau. Khi ngudi 14i diéu khién phuong tién, phan ng cua
hé thong cam giac co thé s& bd sung thong tin do hé thdng thi giac va tién dinh cung cap
cho nguoi lai cam nhén duoc goc va mé men can cia vanh tay lai thong qua goc khop tay,
chuyén dong cua co va luc, dong thoi nguoi 1ai co kinh nghiém ciing c¢6 thé cam nhan
duoc dic diém tiép xac gitta 16p va mit dudng thong qua cac thong tin nay nhu mit co,
duong soi, duong kho... duong nhua hoac duong mua tron...

Nguoi 1ai str dung hé thong thi giac dé diéu khién phan hoi, udc tinh do cong cia
duong va goc lai can thiét dua trén véc to hudng va diém tiép tuyén cia phuong tién
[126]. Van tdc tinh tién va van tdc gbc cung cAp phan hdi quan trong cho hé thong thi
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giac [127], trong khi su cha y c6 thé duoc phan loai thanh tdm nhin tap trung hodc tim
nhin ngoai vi [128]. Kich thich tién dinh lam tang dang ké do chinh xdc cua phan doan
huong thi giac. HE thong chuyén dong cta mét 6n dinh duong ngim bang cach sur dyng
hé thong tién dinh dé phan tmg vai cac chuyen dong cua dau. Nhan thic vé sy cén bang
1a két qua cua sy tang toc hodc giam tdc tuyén tinh hodc quay cua co thé. Céac thy thé can
bang nim & co quan tién dinh cua tai trong, bao gdm cac ng ban khuyén va tién dinh.
Cac 6ng ban khuyén phat hién chuyén dong quay va nhay cam voi gia téc goc, co mbi
tuong quan chat ch& voi van téc goc. Trong qua trinh chuyén dong quay, cac so1 cam giac
- té bao long trong cac ong nay phan ung. Tién dinh phat hién sy tiang toc hodc giam toc
tuyén tinh thong qua céc soi tai, thay ddi vi tri cing véi cac 16ng mao dé kich thich céc té
bao cam giac [129].

Theo quan diém cua hé thong diéu khién vong kin giita nguoi va phuong tién, tin
hiéu dé diéu khién 1ai ctia phuong tién c6 thé 13 goc 1ai hodc mo men 1ai. Trong hé théng
“Nguoi-Phuong tién", con ngudi luén ky vong c6 mot mbi quan hé nhat quan giira cuong
do van hanh cua phuong tién va cuong d6 phan img cua phuong tién, nghia la moi nguoi
mong do¢i phan (mg cua phuong tién s& nhat quan véi ky vong cua ho, dé hiéu suét cua
toan by hé thong c6 thé dat dugc ket qua nhu mong mué6n. Theo nhén thire cua hé thong
thi giac - tién dinh ctia con nguoi vé cuong do chuyén dong lai ciia phuong tién 1a gia toc
ngang vanh tay 1ai dugc quay theo tiém thirc con mé men tac dung Ién vanh tay 1ai dugc
diéu chinh dé dat dugc cuong d6 chuyén dong lai mong mudn. Néu cuong do chuyén
dong lai cdm nhan dugc cua phuong tién va mé men tac dung 1én vanh tay lai dap Ung
duoc ky vong cua nguoi 14i, thi nguoi l4i s& cam thay hiéu suat xur 1y ctia phuong tién 1a
t6t va phu hop véi thoi quen 1ai xe ctia minh. Mdi quan hé twong tng giita mdé men vanh
tay lai va cudong do chuyén dong lai ciia phuong tién dai dién cho phong cach lai cia
phuong tién.
2.3.2.2. M6 hinh méi quan hé Iy twéng giira md men lai va cwong do chuyén dong lai
dua trén quy luat liiy thira cia Stevens

Hién tai, thudt nglt "Cwong d¢ chuyén dpng ldi" khong co dinh nghia chinh xéac
trong tai li¢u Vé 6 t0. Cac nghién ctru cho thiy phan ung DLH lai cua phuong tién tuong
quan véi van toc doc cia phuong tién, anh huong dén cach cuong do chuyen dong lai
duoc thé hién thong qua mot o diéu kién: Khi ré tai chd hodc & van tbc thap, phan tmg
lai cua phuong tién la t6i thleu Diéu nay c6 nghia 1a du ¢ su thay doi dang ké vé goc lai
van tao ra rat it thay doi gia téc ngang, khién nguoi 1ai kho nhan thay nhimng thay d6i nho
trong gia téc. Tuy nhién, nguoi 13i c6 thé dé dang nhan thdy nhiing thay doi vé goc 1ai,
cho biét y dinh 141 cta hg. Do do, ¢ van tde thép, géc lai phan anh cuong do chuyén dong
14i va ¥ dinh cta nguoi lai. O van tdc cao hon, phan tmg lai cia phuong tién tro nén rd rét.
Ngay ca nhiing diéu chinh nho vé goc l4i ciing ddn dén nhiing thay doi dang_ ké vé gia toc
ngang, ma nguoi lai co thé dé dang cam nhéan duoc, trong khi nhan thire vé nhiing thay
ddi vé goc 1i tré nén it rd rang hon. Do dé, & van tdc cao, gia tdc ngang dac trung cho
cudng do chuyén dong lai va y dinh cua nguoi lai. Tom lai, ¢ van téc thap, goc 1ai biéu
thi cuong d6 chuyén dong l4i; & van tdc cao, gia téc ngang dong vai tro nay.

Linh vuc tdm 1y hoc bao gdm ba quy luat chinh [130], [131], [132]: Weber, Fechner
va Stevens. Nam 1953, Stevens da gioi thiéu quy luat tdm ly ham ldy thura (Stevens's
power law), néu rang nhan thirc cam giac ty 1é thuan véi cong suit ca kich thich vat 1y,
thiét 1ap mbi quan hé ham lily thira gitra lugng cam giac va kich thich. Bang chiung thu
nghiém ung ho tinh tmg dung rong rii quy luat Iiy thira ctia Stevens trén nhiéu linh vuc
nhén thuc khac nhau, phuong trinh mo ta gitta lugng cam giac va kich thich [132]:
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S=al (2.91)

Trong do6: S- cuong d§ cam gidc; I- cuong do kich thich; a- hé sb cuong do; b- sb
mil liiy thira dugce xac dinh boi loai va cuong do kich thich vat ly.

Luan 4n dé xuat mot mé hinh Iy tudng vé méi quan hé gitta mé men 1ai va cuong do
chuyén dong 1ai dua trén quy luat lily thira ctia Stevens. M6 men l4i thuc té do nguoi 1ai
tac dung va m6é men dugc cdm nhan phai phu hop voi quy ludt liy thtra cua Stevens.
Tuong ty nhu vy, cuong do chuyén dong 1ai thuc va cuong d6 ma ngudoi 1ai cam nhan
cling tuan theo dinh lut nay. Trai nghiém lai Iy tuong nay sinh khi m6 men lai duoc cam
nhén va cuong do chuyen dong 141 c6 mdi tuong quan tuyen tinh [120], [133]. Do do, ca
mo men lai thue té va cudng d6 déu phai tuin theo mbi quan hé lity thira, nhu dugc thé
hién trong cong thirc sau.

* b .
ay = | Tal"sign(Ta) = KqlTal" ,VOiK, kSLgn(Td) 0.92)
* b . .
9a = x|Tal™sign(Ty) = K,|Tal™ , Vi K, = mSlgn(Td)

Trong do: ¢y, aj, - lan lugt 1a goc 1ai va gia toc ngang ma ngudi 1ai mong doi; b, by -
1an luot 13 hé sé cudng d6 cua goc lai va gia téc ngang; c, k- biéu thi anh hudng cua van
tdc dén hé s6 cuong do; n, nq- 1an luot 1 s mil lity thira ctia goc 14i va gia téc ngang.
2.3.3. M0 hinh xay dung dic tinh lai ly twéng

Mo hinh nghién ctu xay dung dac tinh lai 1y tuéng dua trén mo6 hinh DLH "H¢
thong 14i - xe va phuong phap ham truyén nghich”.
2.3.3.1. M6 hinh xay dung dic tinh lai ly twéng

Hat nhan cua phuong phap nghién ctru 1a m6 hinh phan tich dic tinh tro lyc lai EPS
dua trén mo6 hinh “Phong céach lai - BPLH nghich xe - PLH nghich HTL” dugc dé xuat
duoc thé hién nhu Hinh 2.17. Trong d6:

- M6 dun “Phong céach 14i” 12 mo dun tinh toan cuong d6 chuyén dong lai du kién
ctia nguoi 131, dugc biéu thi bang gia tbc ngang (ay), dua trén md men tac dung 1én vanh
tay lai (T). DPiéu nay phan anh xu huéng chuyén dong ctia phuong tién theo mong muén
cua nguoi lai.

- M6 dun “PLH nghich xe” 1a mé dun xac dinh mdi quan hé vén c6 (cb hiru) giita
gia toc ngang (aj) va goc quay banh xe trudc khi phuong tién dat trang thai 6n dinh.
Trong thyc té, goc quay banh xe trudc khong thé duoc do truc tiép bang cac cam bién lap
dit trén xe. Do d0, trong hé thong tro luc 1ai c6 co ciu 1ai kiéu tryc ring-thanh rang, goc
lai, cting chinh la goc quay cua truc rang (pinion), co thé duoc udc luong gian tiép thong
qua tbc do quay cua dong co tro luc, dai dién cho hoat dong cua hinh thang lai
Ackermann Duya trén méi quan h¢ hinh hoc gitra goc 1ai va goc quay banh xe trudc thong
qua ty s6 truyén cua co cau lai ( is), mo dun nay tinh toan moi quan hé gitra dau vao la gia
tbc ngang mong mudn (ay) va dau ra 1a goc 1ai mong mudn (<pd) khi xe ¢ trang thai 6n
dinh. Trén co s d6, md dun cho phép xac dinh goc ldi mong mudn (¢3) (ciing chinh la
goc quay cua truc rang (¢;) can dat) tir gia téc ngang mong muén (a;), tic la moi quan
h¢ nghich déo (ay) va (@y).

- M6 dun “PLH nghich HTL” 1a mé dun x4c dinh mdi quan von cé (cb hitu) giita
gbc quay truc rang mong muén (¢p) va m6 men lai téng (Ty) tac dung 1én tryc ring &
trang thai on dinh. Hay mé dun nay tinh toan moé men lai tong (Tx) dua trén tin hiéu vao
1a goc 1ai mong mudn (@) (quan hé Tx @3).
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Modun phong Modun BLH nghich Modun BLH nghich
cach lai * xe * HTL
Td Driving style ay The inverse dynamic ¢d The inverse
—_—l | of vehicle = dynamic of steering
4 sys1tem
Y L |f(TaTav) G. G,

Ll
e

Giai phéap tong thé nhu Hinh 2.17 ¢ thé duoc tom tat nhu sau: Dya trén mo dun
"Phong cach lai", xac dinh cuong do chuyén dong lai mong muén can dat duogc, duoc
bié:u thi bang gia tbc ngang mong mudn (a;) dudi tac dung cua n?é men lai d?lu vao (Ty).
Tiép theo, m6é dun “PLH nghich xe” tinh todn zg(’)(: 141 mong muQn ((pzr) tor dau Vél? (ay).
Tir 36, m6é dun "DLH nghich HTL" tinh toan tong mo6 men lai can thiét (T5) tir dau vao
(@3). T (Ty) va (Ty), tinh toan mo men trg lyc can thiét (T7). Dua trén két qua tinh toan
(T%), ECU gti tin hiéu dong dién diéu khién 13 cuong d6 dong dién (I) d&én dong co tro
luc va dong co tro luc tao mé men tro luc (T,,), thong qua bod truyén truc vit - banh vit,
tao ra md men trg luc thuc té (T,=T,). MO6 men lai téng thuc té co duoc
(Ty = T,+T4=T3) duoc truyén dén banh truc ring (pinion), lam cho truc riang dat duoc
gdc quay mong mudn (¢p = ¢;), sau do thong qua co cdu Ackermann, lam banh trudc
quay mdt goc (67) mong mudn, do d6 xe dat dugc cudng do chuyén dong 1ai mong mudn,
tic 1a (a, = aj).

Cac mo dun trén s& duoc cai dit cho bo diéu khién EPS. Phuong phéap phén tich dic
tinh trg luc 1ai EPS duoc dé xuat nay, phan tach riéng ré y dinh cta ngudi 1ai véi PLH
vbn co ciia phuong tién va cia hé thong 14i, gitip don gian héa viéc hiéu chuin cam giac
14i va tao diéu kién thuan loi cho viéc thiét ké cac phong cach lai khac nhau trén cac
thuong hiéu va kiéu phuong tién khac nhau.
2.3.3.2. X4y dung ham truyén nghich giira gia téc ngang ciia 6 t6 va géc lai G;yl

Dic tinh ham truyén nghich cia gia tdc ngang v&i md men lai va goc lai duge xac
dinh thong qua DLH chuyén dong cua 6 t6 va PLH cua hé thong 1ai.
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Giai cac phuong trinh vi phan PLH 6 t6 (2.37) thu duogc ham truyén van toc goc
xoay cua than xe Gy, va ham truyén goc léch ngang cua trong tam 0 t6 Gg:

P 1 v
G =2 =—— Y 2.93
v wd)s S 1t (o) (2.93)
B Xr 1_1("”; L
G - - ar-r- 294
B ‘Pd)s 51 (v ) (2.94)

K'ofKorL?
M(Kqr Xy =K' g xf)
quay cua than xe nhay cam nhat v4i1 goc quay cua vanh tay lai.

Trong do: vlzb = (2.95) 1a van toc dic trung ddy 1a van téc ma goc

Khi quay vong on dinh, a, = y = v (2.96), thay vao (2.93) thu dugc ham truyén
gia tdc ngang than xe nhu sau:

2
G, =%y =Lt " 2.97
@ ‘pd)s il 1+(v/v¢)2 ( )
Ham truyén nghich gia tdc ngang than xe va goc 1ai dugc xac dinh 1a:
2
1 _ Pd\ _ : 1+(”/”¢)
Go, = ay)s = I L—2 (2.98)

2.3.3.3. Xay dung ham truyén nghich giira mé men lai va goc lai G‘;;

Tt mod hinh dong luc hé théng lai nhu Hinh 2.3, ta co:

Ty = DD St (5 Ly = Bl gy 20 T2 ) )

Trong d6: Fy = —eb: 24— (8 + ] = Ko [22 = 5 +22)] (2.100)

L (ﬁ+ﬂ)] (2.101)

G,, = %) =B |1 (L ’;f;”d)] EKor|1- G +26p| @10
0a = %)S =T 1+(:/2v¢)2 (2.103)

Ham truyén nghich giita goc 1ai va mé men 1ai tong dugc xac dinh la:

G;l = ?—j)s =L ”(:/2”"”)2 (2.104)

2.3.3.4. X4y dung cic ham truyén mé men li va gia téc ngang G, Jay

Tir (2.97) va (2.104) ta ¢6 cac ham truyén mo men lai tong va gia tbc ngang:

Gry/a, = Z—j) =T (2.105)
Pt Ky = ™22 (2.106) => a, = KlT T, (2.107)
Tu (2.92) va (2.107) ta co:

K,|T " = KiTT,S = KiT(Ta +T,) Vi (Ty =T, + Ty) (2.108)
Ty = (KrKo|Tql" = DT, (2.109)
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@, = = [Tl sign(Ty) = Ko|Tyl" (2.110)

y p—
Theo (2 107) cho thay trong pham vi bién dang ngang cta 16p tuyén tinh, _phan tng
gia toc ngang cua than xe theo tong mo men tac dung 1én truc 1a1 tuan theo mdi quan hé
tuyén tinh. Theo (2.109) va (2.110) ta thu dugc quan hé (T, — Ty — a,) theo quy luat Iy
thira cua Stevens, dy 13 co so quan trong dé xay dung ban dd déc tinh tro luc 1ai ly tuéng.
2.3.4. Xay dung dic tinh trg lwe 14i ly twéng theo quy luat lily thira ciia Stevens
bé ap dung duoc quy luat liiy thira cua Stevens vao ciu trac dic tinh tro luc 14i thi
dac tinh trg lyc 1ai phai 1a dac tinh loai phi tuyén hodc loai hon hop.
2.3.4.1. Bac tinh trg lyc lai ly twong theo quy luit lity thira cua Stevens
1) BPac tinh tro lyc ldi phi tuyén theo quy ludt liy thira cua Stevens )
Tu cong thue (2.89), (2.109) va (2.110), ta thu duoc dac tinh tro lyc lai phi tuyén
theo quy luat liy thira cua Stevens dugc biéu dién nhu sau:
0 Khi|Ty| < Tgq
Ta = (KTKaleln - 1)Td Khi Tdmax = |Td| = Tdat (2111)
Tomax = KO Timax  Khi [T T4l > K@) T i
Trong do: T 44~ ngudng mo men 141 to1 thiu dat dugce d€ dong co trg luc dugce kich
hoat.
T:l =Ta X Tamins Tzl* = KTKaleln -1 T;kimax = Tamax T Tamin (2-112)
2) Dac tinh tro lyc lai hon hop theo quy ludt liy thira cua Stevens

Tu cong thue (2.90), (2.109) va (2.110), ta thu dugc dac tinh trg luc lai hon hop theo
quy luét liiy thira ctia Stevens dugc biéu dién nhu sau:

0 Khi |Td| < Tdmm
o _JK@Ti KRITal = Tany and [T T3l < [K@T (2.113)
a TZ**TZ Khi Kl(v)lemaxl = |T***Td| = |K(U)TZ| .

K1(W)T e KhT T > Tomex = K1(W)T g

TI’OIlg do: T;ki** - KTK |Td|n 1 Td - Td Tdmln» Tdmax Tdmax + Tmt: Tmt la
giao diém cua duong tuyén tinh T, = K(v)T}; va dudng cong phi tuyén T, = T5'T7 .

{K(v) = ey + eV + e v? + esvd

K1(v) = fo + f1v + fov* + f3v°

Véi: eg, ey, €5 €3, fo, f1, f2 f3 12 cac hé s6 duoc xac dinh théng qua ham ndi suy tir
cac gia tri thir nghiém cua K(v), K1(v).
2.3.4.2. Panh gia dac tinh trg luc ldi ly twéng theo quy luat lity thira ctiia Stevens

Tu cac cong thirc xay dung ban do diac tinh tro luc 1ai Iy tudng trén co s¢ md hinh
PLH nghich va quy luét lily thira ctia Stevens, c6 thé nhan thdy rang mo men tro luc
khong phai 1a mot dai luong duge xac dinh mot cach thuén tuy theo m6 men lai va van
tdc xe, ma la két qua tong hop ciia nhiéu tham sb két cdu va DLH phuong tién. Viéc phan
tich mbi quan h¢ nay c6 y nghia quan trong trong viéc lam r6 ban chat vat ly cia mé men
trg lyc va khang dinh tinh khoa hoc, tinh toan dién cia phuong phap dé xuat.
1) Vai tro trung tam ciia mé men tro luc trong cdau triic EPS

Trong cAu trac diéu khién EPS duoc xay dung, mdé men tr¢ luc cuing mo6 men lai tao
thanh mo men tong tic dong 1én truc ring. M6 men tong chi phdi truc tiép goc quay truc
ring va thong qua co ciu Ackermann xac dinh géc quay banh xe trudc, tir d6 tao ra gia
tde ngang cua xe. Ban dd dic tinh tro luc 14i 1y twong khong xac dinh mo men trg luc mat
cach doc lap, ma thong qua cac hé sd (Ky) va (K,), dong thoi bi rang budc gii han boi

(2.114)
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hé s6 (K (v)). Trong do:

- Hé s6 (K7) c6 sy anh huong caa khéi luong xe (m); toa do trong tim xe (x,),
chiéu dai co s¢ (L), ti s6 truyén hé théng 14i (i,); anh hudng cua bb tri hé thdng treo, goc
dit banh xe, bién dang dan hoi cua 16p thong qua tham sé (n, = (ny, + n,)cosy,).

- Hé sb (K,) dé t6i wu cam giac l4i theo phong cach 1ai mong mudn théng qua viée
tinh chinh cac hé s6 cudong do gia toc ngang (b), hé s6 anh huong cia van toc dén hé sb
cudng d6 (c); sb mil lity thira ctia goc 1ai va gia toc ngang (n). Cac hé s nay s& quyét
dinh thoi diém tro luc kich hoat, cuong do tang tro luc hay goc dbc dic tinh va vung phu
ctia ban do dic tinh hay do mau thua gitta cac dudng dic tinh Gng voi van tde khac nhau
dé tinh chinh murc tro luc theo van tdc.

- Hé s6 (K (v)) khéch dai muc tro lyc va han ché diém tro lyc bao hoa theo véan toc.

Nhu vay, moi thay d6i trong yéu cau dong hoc chuyén dong, dic tinh két cdu hoic
diéu kién van hanh deu duoc phan anh truc tiép vao gia tri mé men trg luc thong qua su
bién doi ctia cac hé s6 nay.

2) Anh hwéng ciia cdc tham s6 dong hoc va két cdu toan xe

Khéi luong xe va cac tham sd phan bd khdi lugng 1a nhitng yéu t6 dau tién anh
huong dén moé men trg lyc. Cung cuong do chuyén dong 1ai dai dién 1a gia toc ngang
(a,) cho trudc, khéi luong cang 16n thi luc ngang can thiét tai 16p cang ting, kéo theo su
gia tang m6 men phan lyc mat duong truyén Vé co céu lai. Piéu nay 1am tang yéu cdu mo
men l4i tong (TZ) dé dat dugc cung mot gia tdc ngang. Trong khi ban d6 dic tinh tro luc
lai ly tuong, dé van duy tri mbi quan hé cam nhan theo quy luat lily thira cua Stevens gilta
gia toc ngang (a,) va m6 men lai cam nhén, phan ting cia md men tong (Tx) do khbi
luong 16n duge bu trir thong qua tang mé men tro lyc (T,). Khi d6, hé s6 (K7) c6 xu
huong tang, trong khi phan dong gop twong dbi ciia mo men lai (Td) bi giam. Qua d6 co
thé thiy rang mé men tro luc (T,) mang trong n6 anh hudng truc tiép ctia khéi luong xe.

Toa d¢ trong tam cua xe, cd theo phuong doc va phuong ding, cling tic dong manh
dén mdi quan hé gia téc ngang va gdc quay banh trudc (a, — &¢), thong qua su phan b
tai trong giira cac banh va su thay doi dic tinh luc bén cua 16p. Trong tdm cang cao hoic
phan bd tai trong trude cang lon thi m6 men tu Iya va m6é men phan lyc tai banh trude
cang tang. H¢ qua la m6 men téng tai truc lai tang Ién, dan dén nhu ciu ting moé men trg
lu’c dé duy tri cam giac lai mong mudn. Nhu viy, anh hudng cua trong tam cing dugc

“ma hoa” gian tiép trong ban d6 dic tinh tro luc 14i thong qua su bién do6i cua (Kr).

Chiéu dai co s& va cac tham sé hinh hoc tong thé cua xe quyét dinh khuynh huéng
lai thiéu hodc lai thira. Xe c6 xu hudng lai thiéu manh thuong doi héi goc quay banh
trudc 16n hon dé dat cing gia toc ngang (a,), tir d6 lam tang luc doc thanh rang va mo
men phan luc tai truc l4i. Trong ban d6 dic tinh trg luc lai 1y tuéng, didu nay duoc phan
anh béng viéc tang mo men trg lyc ¢ vang (a,) trung binh va 16n. Do d6, m6 men trg luc
khong chi phan anh dic tinh cta hé théng 14i ma con mang thong tin vé dic tinh 6n dinh
quy dao cua toan by phuong tién.

3) Anh hiwong cua h¢ théng ldi va hé thong treo

Ty so truyen hé thong 1ai (i) 1a mot trong nhitng tham sb két cau quan trong nhét
chi phéi truc tlep moi quan h¢ gitra m6 men tai vanh tay lai va luc tac dung tai thanh rang.
Véi cung yéu cau md men tong (Ty), (i) 16n cho phép giam md men lai (T;) nhung
dong thoi 1am tang goc lai. Trong truong hop nay, ban dd dic tinh tro lyc 13i 1y tudng co
thé yéu cau mirc mo men tro lyc nhé hon dé van dat dugc mé men cam nhan phu hop
theo quy luét lily thira cta Stevens. Nguoc lai, khi (i5) nhé, mé men tro lyc can ting dé
(T z) khong vuot qua kha nang tao lyc cua nguoi lai.
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Céc yéu t bién dang trong hé thong treo va hé thong lai, gdm do cing cac khép dan
hoi, d6 ro co khi va dic tinh caa 16p, phat sinh cac thanh phan mé men bo sung va ndi ma
sat. Nhitng thanh phan nay lam ting mé men phan lyc can vuot qua khi quay banh xe,
dan dén tang (Ty). Trong ban dd dic tinh trg luc 14i 1y tudng, cic anh hudng nay duoc
phan anh thong qua viéc diéu chinh dic tinh mé men trg luc nham bu trir phdn md men
“t6n hao” do bién dang va ma sat, giup ngudi 1ai van cam nhan duge mdi quan hé gia tde
ngang voi md men lai 6n dinh. Bén canh d6, cic goc dit banh xe nhu caster, camber va
cac dg léch hinh hoc cua truc quay banh xe truc tiép tao ra mo men tu lya va md men hoi
vi. Pay 1a nhiing thanh phan quan trong cau thanh (Ty) ngay ca khi khong cé trg lyc.
Trong phuong phap dé xuat, mé men trg luc duge xay dung sao cho khong triét tiéu hoan
toan cac md men tu nhién ndy, ma chi phan bd lai chiing theo mic pht hgp véi cam nhan
lai mong mudn. Nho d6, mé men tro luc vira phan anh dac tinh két chu cua hé théng lai,
vira duy tri dugc “théng tin mat dudng” can thiét cho nguoi 1ai. Cac thong sb trén dugc
ké dén thong qua canh tay don luc ngang 1a d6 1éch téng cong (n, = (ny, + n,)cosy,).

4) Vai tro ciia vdn téc va hé sé6 K(v)

Mot diém then chét trong ban dd dic tinh tro luc lai Iy tudng 1a sy xuét hién cta hé
s6 khuéch dai cling 1a h¢ sb gidi han (K (v)), rang budc gia tri cuc dai cia mé men trg luc
theo véan toc xe. O van tdc thap, (K(v)) cho phép moé men trg luc dat gia tri 16m, gitp
giam dang ké mo men 1ai (T) va cai thién kha nang diéu khién trong cac tinh hudng dd
xe hodc quay dau. Nguoc lai, & van téc cao, (K(v)) 1am giam giéi han mé men tro luc
(T,), budc md men tong dwoc phan bod nhiéu hon cho (T), qua d6 ting cam giac “ning”
va 6n dinh huéng chuyén dong.

He sd (K(v)) khong chi phan anh yéu cdu an toan, ma con két hop chit ché voi cac
tham s6 ket ciu d3 néu. Véi cung mot cdu hinh xe, su suy giam tro luc theo van tdc giup
dam bao rang anh huong cua khéi luwong, trong tdm va dic tinh lop khong lam mat on
dinh cam giac lai ¢ tdc do cao. Do d6, md men tro lyc 14 mot ham dong thoi cua gia tde
ngang va van toc, mang tinh dong hoc va phi tuyén rd rét.

Tu cac phan tich trén cé thé khftng dinh réng mo men tro lyc duoc xay dung 1a mot
dai lugng mang tinh toan dién cao. Méac du trong cau trac diéu khién mé men tro lyc
duoc tao ra tir bo diéu khién EPS, nhung vé ban chat, né phan anh tong hop cac yéu to:
dong hoc chuyén dong ngang, dong luc hoc 16p, ddc tinh hinh hoc va dan hoi cia hé
thong l4i - treo, ciing nhu yéu ciu cam nhén cta ngudi lai theo quy luat lily thira cia
Stevens.

Ban d6 dic tinh tro luc 1ai 1y trong dugc xay dung khong chi nham “tao nhe” hay

“tao nang” vanh tay lai, ma nham thiét 1ap moi quan hé nhit quan gilra cuong do chuyén
dong cuia xe va cam nhan moé men 1ai cua nguoi diéu khién. Trong méi quan hé d6, mo
men tro luc dong vai tro 1a bién trung gian mang thong tin toan hé thong, cho phép két
ndi cac tham sb két cau vat Iy v&i cam gidc 1ai mot cach khoa hoc va cé kiém soat.

C6 thé két ludn rang, qua phdn tich méi quan hé giiva cdc tham soé két cdu va mé
men tro lwc mé men tro lwe tiv bin dé dic tinh tro lwc ldi Iy twéng da lam ré ban chit
ciia mé men trg lwe nhw mot dai lwong hé thong, khéng tich roi khéi dpng liec hoc
toan xe va hé thong. Pdy chinh la co sé dé phwong phap dé xudt c6 khd ning mé rong,
chudn héa va irng dung hi¢u qua cho nhteu cdu hinh phwong tién khdc nhau, dong
thoi duy tri dwoe chit lwong cam gidc ldi én dinh va cé tinh dw bdo cao.

2.3.5. X4y dung dic tinh trg lwe ldi theo “Phong cach 14i/Driving style”
2.3.5.1. Phong cach l4i/Driving style
Dua trén muc hd tro trg luc va quy luat hd tro ma ngudi 1ai sé co cac cam giac lai
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khac nhau, cac cam giac khac nhau nay hinh thanh nén dic trung vé cam giac 1ai khac
nhau cta cic loai xe hay con goi 13 “Phong cach 14i”. Hién nay vé co ban k¥ thuat diéu
khién hé thdng 1ai EPS tich hop chién lugc diéu khién cac mirc hd tro thay doi vé co ban
¢6 bén lya chon “Phong céach 13i” khac nhau bao gdm: Phong cach 14i thoai mai; Phong
cach 14i thé thao; Phong cach 1ai da muc va Phong cach lai tiét kiém. Sau day luan an
trinh bay phuong phap xdy dung dac tinh trg luc lai theo ba phong cach 1ai 1a: “Phong
céch 1ai thoai mai”, “Phong céch lai thé thao” va “Phong cach lai da mic” cho hai loai
duodng dic tinh tro luc 1ai 1a “dic tinh tro luc 14i hdn hop” va “dic tinh trg luc 14i phi
tuyén” trong d6 mo hinh mdi quan hé 1y tuong gitta mé men 1ai va cuong do chuyén
dong 141 dua trén quy luat liiy thtra ctia Stevens.
2.3.5.2. Phong cach lai thoai mai/Comfortable driving style

Muc ti€u la c6 cam giac 14i nhe nhang va thodi mai.
a. Loai diic tinh tro lic ldi phi tuyén

Trong truong hop ndy, mé men trg luc duoce xac dinh trén cic nguyén tic sau:

() Khi |Ty| < Tygmin = V1/KrK, , thi mé men tro lyc T, = 0, dong co tro luc
chua kich hoat; Khi K(V)|Thmaxl = Tamax = |Tql = 3/ 1/K7K, , md men trg luc ting
theo dudng cong phi tuyén dé co6 moé men tro lyc ting nhanh va hiéu suét cao, T, =
TqTy;

() Khi |T5T5 > K(W)T50, » thi mé men tro lyc dat t6i da T, = Tymer =
K(V)T,4, va khong ting nita du Ty tiép tuc tang;

(3) Khi quay vong tai chd v, = 0km/h, md men can mat duong 16m, (T,) can 16n
dé dam bao mo men 1ai 16n nhat trong pham vi T gy = [2.5 + 3.2]Nm, tao cho nguoi
lai cam giac stc can mat duong déu va viéc danh 14i cling nhe nhang, thoai mai;

(4) Khi v > 0km/h, tiry theo timg van tc 6 t6 md men tro luc dat 16n nhat (T 4,0,)
khi T; = [3.0 +~ 4.6]Nm.

M6 men trg luc (T,) duoc xac dinh nhu sau:

0 Khi |Tg| < Tgmin = n\/ 1/KrK,
To=9T5TS Khi T gpae = T4l = “/1/K.K, (2.115)
KW Tamax  KREITG Tl > 1KW)T g

Trong do: T:i = Td + Tdmin; T:lmax = Tdmax - Tdmin; T:i* = KTKalT:iln (2-116)
b. Logi diic tinh trg lyc ldi hén hop

Trong trudng hop ndy, md men trg luc duoc xac dinh trén cac nguyén tic sau:

(1) Khi |T4| < T gmin, chon T i, = 1Nm, thi moé men tro lyc T, = 0;

(2) Khi |Ty4| = Tymin va IT5 | < |K(v)T?%|, md men tro luc tinh theo didc tinh tuyén
tinh dé lgi dung cong suét trg luc cao cia dic tinh tuyén tinh, T, = K(v)T5;

(3) Khi |Ty| = T gmin va |K(W)T gaxl = T3 = |K(v)Ty|, m6é men trg lyc tinh theo
duong cong phi tuyén dé c6 md men tro lyc ting nhanh va hiéu suat cao, T, = T';

(4) Khi |T%| = |[K1(V) T 0|, mO men tro luc dat gid tri 16n nhat T, = T ey =+
K1(V)T g, va khong tang nira du T, tiép tuc ting;

(5) Khi quay vong tai chd vy = 0km/h, md men can mat duong 16n, T, can 16n dé
dam bao mo men lai 16n nhat trong pham vi Tymaey = [2.5 + 3.2]Nm, tao cho ngudi lai
cam giac sirc can mit dudng déu va viéc danh 1i ciing nhe nhang, thoai mai;

(6) Khi v > 0km/h, tuy theo timg van tdc 6 t6 md men tro luc dat 16n nhat T g0,
khi T; = [3.0 =~ 4.6]Nm.
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M6 men trg luc (T,) duoc xac dinh nhu sau:

0 Khi T4l < Tamin
KW)Ty Khi|Tgl 2 Tamn va Ty | < |K(w)Tql
T,={ Ty Khi |K1(0) Tl = T = K(0)T (2.117)

TK1(V)T jpae KhiITF | 2 IK1(W)T grnax
(“+"khiT;=0,“—"whenT; <0)

Trong do:
TS =Ty F Tymin (“+” khiTy<0,“—"khiT, > 0)
T:imax = Tamax = Tamin (2.118)

Ty = KrK,|Tyl"
2.3.5.3. Phong céch lai thé thao/Sporty driving style
Muc tiéu c6 cam giac 1ai thé thao.
a. Loai dic tinh tro lye ldi phi tuyén

Trong truong hop ndy, mé men trg luc duoce xac dinh trén cic nguyén tic sau:

(N Khi Tyl < Tymin=""+/1/K;K, , thi md men tr¢ luc T,=0 ; Khi
K (v)lTZlmaxl Tamax = 1Tal = "3/1 /KTK « » MO men tro lyc tang theo duong cong phi
tuyén dé c6 mé men trg lyc tang nhanh va hiéu suat cao, T, = TZ**Td ;

(8) Khi |T5T5l > K(W)Tay » thi mé men tro lyc dat t6i da T, = Tymer =
K(W)T%,q, v khong ting nita du Ty tiép tuc ting;

(9) Khi quay vong tai chd vy = 0km/h, md men can mat duong 16m, T, can 16n dé
dam bao moé men lai 16n nhét trong pham vi T gpgy = [2.5 + 3.5]Nm, tao cho nguoi lai
cam giac suc can mat duong déu va viéc danh 1ai cling nhe nhang, thoai mai;

(10) Khi v > 0km/h, tiy theo ting van téc 6 t6 md men tro luc dat 1on nhat T 4,
khi T; = [3.0 +~ 4.8]Nm.

M6 men trg luc T, dugc xac dinh nhu sau:

0 Khi |T4| < Tymin = "1/K7K,

To =TT Khi T gmax = T4l = "3/1/K7K, (2.119)
+KW) e KRTT TS > 1K) T G|
Trong do: T = KK |Tg" 1 — 1 (2.120)

b. Loai ddc tinh tro lic ldi hén hop

Trong truong hop ndy, md men trg luc duoc xac dinh trén cic nguyén tic sau:

(1) Khi m6 men 13i nho |Ty| < [(K7K )™ F T gpmin], duoc xéac dinh tai diém T35 =
KK, |T5" 1 — 1 =0, thi m6 men tro lyc T, = 0;

(2) Khi |T4| = [(K7K)Y™ F T gynin] phuong phap xac dinh T, twong tw Phong cdch
ldi thodi mai, tuy nhién muc do hd trg s& bé hon Phong cach ldi thodi mai mot mot
luong T7.

(3) Khi quay vong tai chd v, = 0km/h, md men can mit dudng 16n, T, can 16n dé
dam bdo T g, trong khodng [2.5 + 3.5]Nm. Ngoai ra, khi nguoi 1i tac dung luc 14i du
160 T gmax = [3.0 + 4.8]Nm, gia tri 16n ing véi van tdc cao, thi mé men trg luc phai dat
gia tri 16n nhat dé van dam bao duoc tinh thuan tién va nhe nhang cua thao tac 1ai trong
truong hop di trén céc dia hinh khoé khan va phtre tap.

Mo men trg luc (T,) dugc xac dinh nhu sau:
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0 Khi |Td| < [(KTK )l—n + Tdmm]

K(v) T KhilT4l 2 [(KrK)' ™ F Tamin] va ITg Tyl < IK@) Ty
TZ**TZ Khi Kl(v)lemaxl = |T***Td| 2 K(U)Td

TK1(W) T KRUITF Tyl > |K1(W)T s

2.3.5.4. Phong cach lai da mirc/Multi-level driving style

T, = (2.121)

Muc tiéu nham tao cho ngudi 1ai: Cam giac 14i thoai mai & van tdc thap, cam giac l4i
thé thao ¢ van tdc trung binh va nang chic, an toan & van tdc cao.
a. Logi dgc tinh trg lyc ldi phi tuyén

Trong truong hop ndy, méd men trg luc duogce xac dinh trén cic nguyén tic sau:

(1) Khi quay vong tai chd va khi v < 20km/h, (T,) can lén dé dam bao cam giac
lai nhe nhang thoai mai (T gyay) trong khoang [2.0 + 3.0]Nm twong ty nhu phong cach
141 thoai mai.

(2) Khi 20 km/h < v < 100 km/h, (T,) tinh toan twong tu phong cach 14i thé thao.

(3) Khi 100 km/h < v < 150 km/h. Pay la dai van téc ma nhiéu dong xe phd
thong trén thi truong hién nay, st dung ban dd dic tinh tro luc 14i tuyén tinh, thuong ngét
cudng buc hé thong tro lyc lai dién boi hai ly do. M6t 1a, m6é men can tr mat duong ¢
ving van tdc nay 1a rat nho, viéc ngat trg luc nham bao dam cam giac 1ai va tang cuong
phan hoi mat duong ¢ diéu kién tc do cao. Hai 1a, xet theo thuat toan diéu khién, trong
dai van toc nay h¢ so khuech dai trg lyc theo van toc (K(v)) & nhanh giam da tién dén
gia tri cyc tiéu va néu van toc xe tlep tuc tang, he s6 nay chuyén sang nhanh ting gla tri
theo van téc. Do d6 luan an dé xuat thém hé s6 K2(v) = Jo(Wrq/v) + g1v + gov* +
gsv>. Véi phuong phép tinh toan (K2(v)) dugc x4c dinh dudéi dang ham da thirc phu
thudc nghich véi van tdc bac mot va thém tham sb van tée diéu chinh thoi diém han ché
muc trg luc (vy4), do do he sd khuéch dai tro luc giam lién tuc khi van tdc ting, theo tinh
toan, toc do cua xe co thé dat téc do rat cao v > 350km/h thi (K2(v)) moi dat dén gia
tri cuc tiéu va mo men tro lyc tiém can vé khong trong dai van téc cao tir 100 km/h dén
150 km/h. Trén co s& d6, m6 men tro luc (T,) dugc xac dinh theo cac nguyén tac sau:

- To = O0Nm khi |[Ty4| < Tgpq, vOi (Tgrq) 1a gia tri m6 men lai mong mudn bt dau
kich hoat tro lvc, nham dam bao cam giac duong tdt & van toc cao.

- Khi Tgrq < |Tgl < Tamax » (Tq) tang tuyén tinh theo (T,;) nhung muc ting giam
nhanh theo su ting cta van toc 6 t6, T, = K2(v) (T4 + T 4rq), Ung véi giai doan van tde
nay (K2(v) = 0.

- Khi |K 2w)(Ty+T drq)| > |K 1) (T jax + Tdrq)|, mo men trg luc duge gidi han
thong qua hé s6 K1(v) titc Ty = Tymar = K1) (Tipmax T T4rq) va (T,) khong tdng nita
du (T,) tiép tuc ting.

(4) Khiv 2 150 km/h. Thuc té & dai van toc nay, lyc can tu mat duong truyén 1én
hé thong 14i rat nho, chi moét mo men lai (Td) tuong ddi nho ciing co thé tao ra mot goc
quay 16n ctia banh xe dan huéng. Do d6 can giéi han hién twong nay bang cach tao mo
men trg lyc (T,) theo chidu nguoc véi chiéu danh 1i, tao cam giac vanh tay 1ai nang hon,
dong thoi duy tri m6 men lai tuong d6i 16n nhung chi tao ra mot goc lai nho dé bao dam
an toan & toc do rat cao. Vi vy, 0 vung tdc do rat 1on, dé bao dam an toan khi xuat hién
cac tac dong khong mong mudn tir mat duong hodc tir nguoi lai 1én vanh tay lai,
(T,) duoc xac dinh theo cac nguyén tac sau:

- Khi gid tri Ty con nho |Ty| < Tgpq thi T, = ONm;

- Khi [T4| > T 4,4, md to s& tao md men tro luc (T,) ngugc chiéu véi (T,). Khi do
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T, =K2()(T4 + Tgq) ting tuyén tinh nhung nguoc chiéu véi (T,), Gng véi giai doan
van tbc nay K2(v) < 0.

- Khi |K 2(v)(T4 + Tdrq)l > Tgrq thi Ty =+ Ty, m6 men tro luc (T,) dat gid tri
cuc dai va khong ting thém nita ngay ca khi (T) tiép tuc ting.

Trong d6: T,,- md men tro luc gidi han & ving toc do rat cao; T 4rq- gia tri md men
lai mong muodn bat dau kich hoat trg luc; v,.,- van toc di€u chinh thoi di€ém han ché muc
tro luc.

Mo men trg luc (T,) dugc xac dinh nhu sau:

Khi v<20km/h
0 Khi |Td| < Tdmin = n\/ 1/KTKa
T:ki*Tt*i Khi Tdmax = |Td| = n\/ 1/KTKa
Khi 20km/h <v<100km/h
0 Khi|Tg| < Tgmin =" \/1/K7Kq
Tt*i**Tt*i Khi Tdmax = |Td| = n7V1 1/KTKa
KW)T gmax Khi |Tg™ Tgl > KW)T gmax
Ta=1 Khi 100 km/h < v < 150 km/h (2.122)
0 Khi| Tyl < Tgrq
KZ(U) (Td * Tdrq) Khi |K2(v)(Td * Tdrq)l = KZ(U) Tt*imax x Tdrql
K2 (17) (Tt*imax t Tdrq) Khi |K2 (17) (Td t Tdrq)l > K2 (U) Tt*imax * Tdrql
(lac nay: K2(v) = go(Vrq/V) + g1v + g2v* + g3v° = 0)
Khi v=>150km/h
0 KhiTy < Ty
K2() (Tq % Targ) Khi |Tq| > Tgrq va |K2(0)(Ta £ Targ)| < Taim
Talm Khi |K2 (V) (Td t Tdrq)l > Talm
L (lac nay: K2(v) = go(vyq/V) + g1v + g2v* + g3v° < 0)

b. Logi diic tinh tro lwc ldi hén hop

M6 men trg luc dugc xac dinh trén cac nguyén tic sau:

(1) Khi quay vong tai chd va khi v < 20km/h, T, can 16n dé dam bao cam giac lai
nhe nhang thoai mai T gy, trong khoang [2.0 + 3.0]Nm twong tu nhu Phong cach lai
thoai mai.

(2) Khi 20 km/h < v < 100 km/h, T, tinh toan twong tu Phong cach lai thé thao.

(3) Khi 100 km/h < v < 150 km/h, 1y luan twong tu déc tinh l4i phi tuyén.

(4) Khi v > 150 km/h, 1y luan tuong ty dic tinh l4i phi tuyén.

M6 men tr¢ luc T, dugc xac dinh nhu sau:
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Khi v < 20 km/h

0 Khi |Ty| < Tgmin
KW)T, Khi |T4| = Tamin va |Tg'| < |[K(@)Tyl
Ty Khi [K1(W)T gmax| 2 |Tq'| Z |[K@)T4l
EK1W)T gmax Khi |Tg'| > [K1(0)T x|
Khi 20km/h <v <100 km/h
0 Khi |Td| < [(KTKa)l_n + Tdmm]
KW)T, Khi|Tgl 2 [(KrKo)'™ F Tamin) va ITg Tyl < IK(@)Tq]
Td Ty Khi KIW)IT gmax| 2 T3 Tal 2 KW)Tg
TK1(W)T jnax Khi|T7™ Tyl > |[K1(W)T x|
Ta =1 Khi 100 km/h < v < 150 km/h (2.123)
0 Khi|Tyl < Ty
KZ(U )(Td + Tdrq) Khi Ile > Tdrq and |K1(v)(T;max + Tdrq)l = |K2(U) (Td + Tdrq)'

iKl(v)(T:;max + Tdrq) Khi |K2(v)(Td + Tdrq)' > |K1(v)(T¢*imax + Tdrq)|
(lbc nay: K2(v) = go(vrg/V) + g1V + g2v* + g3v° = 0)

Khi v > 150 km/h
0 Khi |T4l < Tgrq

K2(w)(Ty % Targ) Khi|Tq| > Tgrq and Ty = |[K2(v) (T4 F Targ)|
+ Taim Khi |[K2() (T4 F Targ)| = Taim

(lic nay: K2(v) = go(vrg/V) + g1v + g2v* + g3v° < 0)
2.3.6. Xac dinh cac tham s6 va hé so trong cac biéu thire dic tinh tro luwe 13i

Viéc xac dinh cac tham sb va hé sd trong cong thirc ban dd dac tinh tro luc lai ly
tudng dong vai tro then chot dé tao nén mot ban d6 dac tinh trg lyc 1ai hoan chinh va phu
hop voi cac yéu cau cua dac tinh tro luc 141 cho tirng xe cu thé. Muc nay luan an trinh bay
chi tiét phuong phéap xac dinh cac tham so6 va hé s6 trong ban do dac tinh trg luc 1ai.
2.3.6.1. Xac dinh md men tai cic diém chuyén tiép trén dwong dic tinh tro luwc lai

Tir phuong phap xac dinh ban d6 dic tinh tro luc 1ai co thé thay rang dudng cong
dac tinh trg lyc 14i ¢6 thé dugc chia thanh cac khoang sau:

(1) Vung khong tro lyc lai: Khi m6 men 1ai Ty thap hon mé men 14i toi thiu T gy,
khong can tro lyc 141 bo sung, con dugc goi 1a "vung chét - dead band";

(2) Vung thay d6i tro luc 1ai: Khi mé men 1ai T4 cao hon va thap hon T ,,;,, m6 men
tro lyc 14i T, s& thay doi theo mé men 14i va cac tham sb anh hudng;

(3) Vung bao hoa trg lyc 1ai: Khi mé men 1ai T; cao hon m6 men lai cuc dai T g0y,
mo men tro luc 14i T, dat gia tri tdi da T yng,. Viéc ting mo men 1ai T, khong anh huong
dén mo6 men tro luc 16n nhét T 4, n6 s& duy tri & mot gia tri cd dinh;

(4) Ngoai ra, v6i cac dudng cong dic tinh da tuyén tinh va dudng cong dic tinh hdn
hop ciing c6 cac diém chuyén tiép Ty, T gar.Tine-

Pé dap mg cac yéu cau ciia hé thong tro lyc 14i, can phai xac dinh cac gia tri trén
mot cach thich hop.

1) Xdc dinh T 4,in

M6 men 14i tdi thiéu dé kich hoat tro luc T gmin duoc lua chon dya trén dac tinh dong
luc hoc ctia xe va yéu cau vé cam giac 1ai va nang lugng. Trong ving 1an can vi tri thang
141, nén duy tri mé men trg luc rat nho hoic bang khong dé bao dam cam giac bam duong,
6n dinh quy dao chuyén dong va giam tiéu thy niang luong ctia mé to EPS. Néu dit T ymin
qua thap, mo to tro luc s& thuong xuyén kich hoat ngay ca v6i nhidu md men nho tir mit
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duong hodc tir thao tac rat nhe cua nguoi lai, lam giam do séc nét cua cam giac 1ai trung
tam (on-centre) va 1am ting ton that nang luong. Nguoc lai, néu T gmin qua 16n, nguoi lai
phai tic dung mo men 16n hon dang ké trude khi nhan duoc tro luc, khién thao tac danh
1ai kém nhe nhang (nhat 1a khi quay dau, dd xe) va lam giam muc do thoai mai diéu khién,
du kha ning mo men cuc dai ctia hé thong khong thay d6i. Thir nghiém trén nhiéu mau
xe thuong mai cho thay T'y,,;, thuong duoc chon trong khoang [134], [135], [136]:
T gmin = 0,5 + 1,5 (Nm) (2.124)

2) Xdc dinh T 4,04

M6 men lai 16n nhat do nguoi l4i tac dung 1én vanh tay 14i T 4,4, cho hé thong EPS
can dugc xac dinh theo “kich ban rang budc” va gidi han sinh 1y nguoi 1ai. Vé nguyén tic,
ngudng hop 1y dugc neo theo “catch-up steering wheel torque limit”, tirc mirc m6é men
ma ngudi 141 khong con c6 thé hodc khong con thoai mai dé tiép tuc tic dung nham duy
tri thao tac quay lai; dong thoi loai trir viing gan khoa 13i noi mé men ting vot do gidi han
co khi va thuong khong c6 y nghia van hanh.

M6 men lai 16n nhat cua nguoi lai tai cac van tdc khac nhau dugc dinh nghia la gia
tri m6 men ma ngudi 1ai can tac dung 1én vanh tay 1ai trong truong hgp moé men can quay
vong tir mat duong dat cuc dai tai van toc trong tng. Khi mé men can quay vong dat gia
tri 16n nhat, moé men 1ai va mé men tro luc do hé théng EPS tao ra déng thoi dat gia tri
cuc dai, 1an luwot 13 Ty = Tymax (1), Ta = Tamax (Vi) . Khi d6, tong mé men tac dung 1én
hé thong lai dat gia tri cuc dai Tsmer (V) = Tamax (Vi) + Tamax(v) du dé can bang va
thing m6 men can quay vong tur mat duong. Phan tich su bién thién ctia md men can
quay vong theo van tdc cho thay, trong trang thai xe quay vong tai chd (v = 0), md6 men
can quay vong dat gia tri 16n nhat. Do d6, mo men 1ai 16n nhat ctia ngudi lai cling dat cuc
dai trong dleu kién nay, tic 1a T 4., (0) = max(Tdmax(vl)) Tuong ty, m6 men trg luc
16n nhat va tong mo men cuc dai ctia hé thong 1ai cling dat gla tri 16n nhat tai v = 0,

T amax(0) = Max(T gmax (V) va Tymax(0) = max(Typar(vy)). Két qua nay cho thay viéc
x4c dinh moé men 14i 16n nhat khong thé tach roi diéu kién van hanh bét lgi nhat, dong
thoi phai xét dén su phdi hop gita kha ning tao md men cta dong co tro luc va gidi han
tac dong mod men lai.

Trong thiét ké dic tinh tro luc 14i, can bao dam rﬁng mo men lai khong vuot qua
ngudng chap nhin vé mit sinh 1y, nham duy tri cam giac 1ai thuan tién trong ving goc lai
nho, dong thoi khong lam suy giam dang ké tinh nhe 1ai khi thuc hién céc thao tic quay
vong vai goc 1ai 1on.

M6 men lai 16n nhét khi quay vong tai chd duoc xac dinh thong qua lyc tac dung 1én
vanh tay 1ai: T 4,0 (0) = Prgx? sw (2.125)

Luc tac dung 1én vanh tay 1ai 16n nhat [119], [120]:

20—-50(N) xecon(Car)

Prnax = {80 — 100 (N) Xe tai (Truck)

- Dac tinh tro luc lai tuyén tinh, mé men ldi Iém nhdat duoc xdc dinh nhw sau:

Tdmax(vi) = Tdmax(o) (2127)

- Pac tinh tro luc lai da tuyén tinh, mé men ldi Ién nhat dwoc xdc dinh nhw sau:

Tdmax(vj) = Z;z:;n—l(;:](i]) (Tdmax(o) - Tdmin) + %

- Dac tinh tro lyc ldi phi tuyén tinh, mé men ldi Ién nhat dwoc xdc dinh nhw sau:

(2.126)

(2.128)
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n [K(W) (T amax—T dmin)
T gmax (Vi) = J - ! (2.129)

- Ddc tinh tro luc ldi hon hop
Trong truong hop nay, viéc tim T g4, (v;) phttc tap hon, chiing ta phai giai phuong
trinh bac cao sau:
f(Td) = KTK |Td + Tdmln|n+1 K(vl) (Tdmax Tdmm) =0 (2 130)
bé giai phuong trinh trén, ta co the st dung phuong phap s6 hodc phuong phap d6
hoa. Bai viét nay str dung phuong phap sé Newton- Raphson cac budc gidi nhu sau:

+ Lay dao ham: f'(Ty) = (n + KK Ty + T gminl™
+ Pt mic dung sai cho phép dbi voi két qua tinh toan: |T§lk+1) - T‘(ik)l < £(2.131)
Trong d6: & do chinh xdc mong mubn.

3) Xdc dinh T 40

M6 men tro lyc 16n nhat T gmax dugc xac dinh trén co s6 mé men can quay vong lon
nhat, m6 men 14i 10n nhét va tham sb két cau cta hé thong 1ai.

M6 men can quay vong 16n nhat, Trmar: Trmax = MAX[Tramaxs Trsmaz] (2.132)
M6 men can 16n nhat tac dung 1én banh ring pinion, Ts,qy

TZ‘max = Tdmax + Tamax = Trmax/(isr’) (2-133)
Mo men tro luc 16n nhat, T ;45
Tamax = TZ'max - Tdmax = Trmax/(isr’) - Tdmax (2134)

M6 men tro luc 16n nhat & cac van tée khac nhau, T g0, (V;):

Tamax(vi) = TEmax(vi) - Tdmax(vi)

Tamax(vi) = Trmax(vi)/(isr’) - Tdmax(vi) (2135)

M6 men trg lyc to1 da phai ddm bao rang dong co trg lyc khong vuot qua dong dién
dinh murc:

Max(T gmax (V1)) = Tamax(0) < Ktimln}ax ) (2.136)

Trong do T amax- MO men can thuc té lon nhat; T, .- MO men can tinh theo ti€u
chuan ap suat 16p lon nhat [119]; K,- hang s6 m6 men cua dong co dién, [Nm/A]; i,- ti
s6 truyén hop giam toc; I,,4,- DOng dién dong co [4].

4) Xdc dinh T 4;

Dbi véi duong cong ddc tinh da tuyén tinh, viéc lya chon diém chuyén t1ep T4; phu
thudc vao quan diém thiét ké ctia nha san xuat, nhung thudng tuin theo mot sd quy tic:

- S6 lugng diém chuyén tiép khong nén qué nhiéu, vi viéc thay d6i muc tro luc l4i s&
tao ra cac diém "gian doan" gay cam giac "giat cuc" anh huong tiéu cyc dén cam giac lai,
thong thuong mirc thay doi chi nén 1a hai mac va khong vuot qué ba muec.

- Trong ving md men lai nho, 46 doc ciia duong cong dic tinh nén nho hon so véi
vung mo6 men 1ai 16n.

5) Xac dinh T 44;

Déi voi loai phi tuyén dua trén quy luat lily thira ciia Stevens, mod men 14i Tgq, tai
thoi diém dong co tro luc dién duoc kich hoat 1a khi duong cong tr¢ luc T, =
(KrK,|T4|™ — 1)T4 cat truc hoanh 0X, tic la:

KrKo|Ta" —1=0
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Taor = V1/K7K, (2.137)
6) Xdac dinh T ;,;

Doi V01 loai phi tuyén dua trén quy luat liy thira cia Stevens, md men lai tai diém
chuyen tiép Ty duoc xac dinh tai giao diém cua duong thang K(v)T}; va dudng cong phi
tuyén tinh T T, tic 1a:

KWT, =TT,
KTK |Td t+ Tdmin|n —-1= K(U)

Tine = Y (K() + D/KrK, (2.138)
2.3.6.2. Xac dinh hé s6 K(v)

Dé xac dinh duge hé sb K(v) trén toan dai van tdc 6 t6, trude hét can cd6 mot sb
lugng hitu han K (v;) thu duoc bang phuong phap thi nghiém tai cac van téc on dinh khac
nhau v; = [0;10; 20; 30;...]km/h. Tir cac sb liéu roi rac ndy tién hanh xdy dung ham
mo ta quy lut cua K(v) trén toan dai van tdc 6 6.

Vé mat 1y thuyét K(v) dugc biéu dién bang mot da thl'rc bac n trong d6 n la s6
nguyén duong khong gioi han, tirc 1a: K(v) =ey+ e v+ ey v? +ev3+...+ e, " Tuy

nhién, trong thuc té qué trinh t6i uu hoa dé tim e;, thie, = ... e, = 0 ludn bang 0. Do do
K (v) thuong dugc xac dinh la ham da thic bac 3 nhu sau:
K(v) = ey + ejv + e, v? + e3v® (2.139)
Khi xe quay vong tai chd, mdé men can 16n nhét:
K(0) = (Tzmax—T amax)/ (T amax—T amin) (2.140)

Trong d06: ey, eq, €5, 3 1a cac hé sb duoc xac dinh thong qua ham ndi suy tir cac gia
tri thir nghiém cua K (v).

Phuong phap “Piéu chinh dudng cong binh phuong tdi thiéu phi tuyén tinh” dé tim
hésde; (i =0+ 3).

bat: v = [vq,vy,v3,...,V,] (2.141)
va céc gié tri bién phu thudc twong ting K (v) duoc biéu dién nhu sau:
K() = [K(v1), K(v2), K(v3),..., K(vy)] (2.142)

Muc tiéu cua bai toan téi wu hoa nay 1a giam thiéu tong cac binh phuong phan du
gilra cac gia tri quan sat K(v) va cac dy doan ctia mo hinh K(V):

minimize[Y | (K[v;] — eg + e,V + e,v* + e30°)?] (2.143)
Céc phan du duoc dinh nghia nhu sau:
residuals (i) = K[v;] — K(V[i], ey, €1, €3, €3) (2.144)

Trong do: K(V[i]) = eg + e1v + e;v* + e3v° , ,

Do do, ham muc ti€u binh phuong nhé nhat c6 thé dugce biéu thi ngan gon nhu sau::

Objective = ||K[v;] — ey + e;v + e,v? + e3v3||? (2.145)

Trong d6 ||.|| biéu thi chuan L? (vé co ban la tong cac binh phuwong cua céac hiéu sb).
Giai phap dua ra cac tham sb ey, ey, e, €3 téi wu sao cho da thuc phu hop véi dix
liéu K (v) nhét c6 thé.

Phuong phap xac dinh tuong ty dugc 4p dung cho cac tham sb f; (i = 0 + 3) va
g; (i =0+ 3) trong bicu thitc K1(v) = fo + f1v + fov* + f31® va K2(v) = go(vy,/
v) + g1v + gov* + gav°
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¢) Xdc dinh cdc hé sé b, ¢, k, n trong cong thivc quy ludt liiy thira ciia Stevens
7 Phuong phap "Mb hinh toan hoc cho tdi wu phi tuyén tinh trong udc lugng tham so"
dé xac dinh b, ¢, k, n trong phuong trinh quy luat liiy thtra cta Stevens:
Cho cac véc to dir liéu sau::

véc to bién doc 1ap - van tdc thir nghiém: v = [vq, vy, Vs, ..., U] (2.146)
véc to bién phu thudc quan sat dugc - gia tbc muc tiéu:
a, = [ay1, ay;, Ay3, e, Ay (2.147)
véc to bién bo sung - mé men 14i: Ty = [Ty, Tz Tazr -+ +» T (2.148)
Ham muc tiéu: Xac dinh b, ¢, k, n sao cho gia tri sau 1a nho nhat:

2
minimize [J(b, ¢, k,n)] = ¥, [ay,- — %Cv{_( |le-|”] (2.149)

Trong d6: J (b, c, k, n)- biéu thi tong binh phwong chénh 1éch gilta cac gia tri quan sat
dugc a,; va cac gia tri dy doan twong Ung cua ching; m - bi€u thi s6 diém du
li€u; a,; bi€u thi cac gia tri bien phu thudc duoc quan sat duoc.

2.4. THIET KE BO PIEU KHIEN CHO HE THONG LAI EPS
2.4.1. Co s6 1y thuyét vé diéu khién
2.4.1.1. Cc chién lwgc diéu khién h¢ thong lai EPS , ,

Phan tich cac chién lugc diéu khién khac nhau cho h¢ thong 141 EPS cho thay su
danh d6i giita hiéu suat, d6 manh m& va do phirc tap khi trién khai. Cac phuong phap
diéu khién pho bién cho EPS, bao gom diéu khién tuyén tinh PID (Proportional-integral-
derivative), LQR (Linear quadratic regulator), Ho/Ho; Diéu khién phi tuyén SMC (Sliding
mode control), ANC (Adaptive nonlinear control), BS (Backstep) va BS-PID, MRAC
(Model reference adaptive control), STR (Sliding time ratio), MPC (Model predictive
control), mang no-ron (Neural network), Fuzzy logic, FOC (Field-oriented control) va
PWM (Pulse width modulation).

Bing 2.1. So sanh phwong phdp diéu khién cdc loai dong co tro luc dién [137-148]

TT

Phwong phap

Bo diéu

Tinh trng dung (dong co’)

diéu khién Khién
Pong co DC, dong co bwéc, dong co BLDC & cac
PID, LQR . A T1A A C
1 ng dung don gian va khong yéu cau phi tuyén
o cx x Controllers
biéu khién tuyén cao.

tinh Hé théng diéu khién ty dong cao cdp, dong co

HZ/Hoo s \ A A 2

2 PMSM trong &rng dung hang khong, quan sy va

Controllers P , .
cac iwng dung chinh xac.

3 LQG (két hgp LQR LQG Pong co DC, dong co PMSM trong cac rng dung
va loc Kalman) Controllers yéu cau tdi wu hda va bén virng trwdc nhiéu.
pidu khién phi SMC, CAN Dong co PMSM, dong co'khong dong bo, BLDC

4 x trong rng dung yéu cau hiéu suat cao va méi

tuyén Controllers ; < A

treong khac nghiét.
5 Backstepping Backstepping  DPong co PMSM, déng co BLDC, cac hé thong yéu
Control Controllers ciu 6n dinh hoa phi tuyén.
BS-PID bong co PMSM, BLDC va cac tng dung cong
6 BSPID A A w e 1
Controllers nghiép yéu cau tinh 6n dinh cao.

7  Diéu khién thich MRAC, STR bong co PMSM, déng co AC trong cac ing dung
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nghi Controllers bién doi tai hoic yéu ciu diéu chinh linh hoat.

g biéu khién du MPC, DMC Pong co PMSM, dong co BLDC, cac irng dung yéu
doan Controllers cau do chinh xac va du doan déng hoc phirc tap.
Neural
Phuong phap \ Network Pong co PMSM, BLDC trong cac rng dung thong
9 mang No-ron va Controllers, . A LA A
. . minh, ty dong hoa va ro bot.
Fuzzy logic Fuzzy Logic
Controllers
10 biéu khién FOC va PID-PWM Pong co BLDC, dong co PMSM trong (rng dung
PWM Controllers céng nghiép, 6 t6 va hé thong servo.
11 PID-FOC, PID- PID-FOC Pong co PMSM, BLDC trong cac &ng dung cong
PWM Controllers nghiép, 0 t6, noi yéu cau hiéu suit déng co cao.

2.4.1.2. Lua chon phuwong phap diéu khién

Uu diém va tinh pht hop cua chién lwoc diéu khién PID két hop véi FOC cho
dong co PMSM nhu sau [149], [150], [151], [152], [153]:

Chién luge diéu khién két hop PID va diéu khién dinh huéng tir théng FOC cho
dong co PMSM thé hién nhiéu uu diém ndi bat khi tmg dung trong hé thng lai EPS.
Chién lugc nay cho phép diéu khién moé men chinh x4c, dap ung nhanh va phu hop véi
cac diéu kién van hanh bién thién manh cta hé thong 14i 6 6.

FOC cho phép tach biét va diéu khién doc 1ap cac thanh phén dong dién theo tryc d-
q, qua d6 dam béao diéu khién mo men dién tir chinh xac va nang cao hiéu suat dong co.
Nho kha ning khir lién két gitta mo men va tir thong, dong co PMSM c¢6 thé van hanh
gan vung hiéu suat tdi uu trong dai rong cua tdc do va tai, gitip giam ton hao nang luong
va cai thién hiéu qua tong thé ciia hé thong. Picu nay dic biét quan trong d6i véi EPS,
noi yéu cau moé men tro lyc thay d6i lién tuc theo thao tac ngudi l1ai va diéu kién van
hanh.

Bo diéu khién PID dong vai tro then chdt trong viéc dam bao do 6n dinh va do chinh
xac ctia hé thong. Viéc hiéu chinh hop 1y cac tham sé PID cho phép han ché dao dong,
giam sai l¢ch tinh va tao dap mg m6 men muot ma ngay ca trong cac tinh huong qué do,
nhu quay vong nhanh hodc thay dbi tai dot ngdt. Nho do, chat luong diéu khién va do tin
ciy cua hé thong 1ai dugc ning cao.

Mot uu diém quan trong khac caa chién luge PID-FOC 1a kha ning thich nghi tét
v6i cac diéu kién van hanh thay dbi, bao gém tdc do xe, tai trong va trang thai mat duong.
Céu tric diéu khién tuong ddi don gian ciia PID cho phép dé dang diéu chinh va trién
khai trong thuc té, dong thoi giam d6 phirc tap trong bao tri va chi phi van hanh.

Tir cac phan tich trén, c6 thé khang dinh chién luoc diéu khién PID- FOC 1a lya chon
phu hop va hiéu qua cho dong co PMSM trong hé théng EPS, dap tmg t6t cac yéu cau vé
hiéu suat, cam giac 1ai, d an toan va kha nang tng dung thyc tién trong cac hé thong lai
dién hién dai. Do d6, luan an lua chon chién lugc diéu khién PID-FOC cho dong co
PMSM trén hé théng EPS cia 6 t6 nghién ctu.
2.4.1.3. Co sé Iy thuyét diéu khién PID-FOC
a. Co 6 ly thuyét diéu khién PID

B6 diéu khién PID tinh toan mot gia tri sai s6 1a hiéu sb giira gia tri do thong so bién
ddi va gia tri ddt mong mudn [154]. Bo diéu khién sé& thuc hién giam tdi da sai s6 bang
cach diéu chinh gid tri diu vao. Trong trudng hop khong co kién thirc co ban vé qué trinh,
bo diéu khién PID 1a b diéu khién t6t nhat. Tuy nhién, dé dat duoc két qua t6t nhat, cac
thong s6 PID st dung trong tinh todn phai diéu chinh theo tinh chat cua hé thdng, cac
thong sb phu thudc vao dic thu hé théng.

So d6 diéu khién PID nhu Hinh 2.18 dugc dat tén theo ba khau hi¢u chinh cua né,
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tong cua ba khau nay tao thanh tin hiéu diéu khién u(t).
P Kee(t)

\ 4

Paura —»

\ 4

\ 4

Tin hiéu vao Sai sb

T —
I KJO e(x)dr | Mb hinh

D x|

_ Hinh 2.18. M6 hinh céu triic b} diéu khién PID
Trong bd diéu khién PID, luat diéu khién dugc dinh nghia nhu sau:

u(®) = Kp (e(t) += f e()dt + T, de“)) (2.150)

Trong d6: u - tin h1¢u diéu khién; e - sai léch diéu khién. Tin hiéu diéu khién 1a tong
cua 3 thanh phan: Ti 1€, tich phan va vi phan.
Ham truyén cua b diéu khién PID:

Gpip(s) = ;’ES; = Kp+ K=+ Kps = Kp (1 + Ti+ TDS) 2.151)

Céac tham s6 cua bo diéu khlen la K, K; hodc (T;), K hoac (Tp).
b. Co s6 Iy thuyét diéu khién FOC

Phuong phap diéu khlen dong co tya tir thong r6 to (dleu khién huéng trudong) FOC
13 mot ky thuat tién tién trong viéc diéu khién dong co ddng bd nam cham vinh ciru
PMSM, dong co dong bo khong choi than BLDC va dong co khong dong bd. FOC dua
trén viéc thay doi hé toa do tir hé toa do ¢d dinh sang hé toa d§ quay noi ma tu truong cia
dong co khong thay ddi theo thoi gian. Piéu ndy giup tach bach hai thanh phan diéu
khién: Thanh phén mo men lai (1), chiu trach nhi€ém cho vi¢c tao mé men lai; Thanh
phan tir thong (1), chiu trach nhiém cho viéc duy tri tir thong trong dong co. Bang cach
kiém soat (I Pva (Ig), dé diéu khién co thé diéu chinh mé men 14i va tir thong sao cho
hiéu suat dong co duoc t6i wu hoa. Co ché hoat dong cua FOC nhu sau:

Budc 1: Chuyén doi toa d6 Clarke va Park. Str dung cac phép bién ddi Clarke va

Park dé chuyén doi tir toa do ba pha (U, V, W) sang toa do hai pha (a, B) va sau d6 sang
toa do tir dién (d, q).

- Chuyén doi tir toa d6 ba pha sang toa d6 hai pha - chuyén doi Clarke (Clarke
transformation). Chuyén doi cac gia tri ba pha (U,V,W) cta ngudn dién thanh hai pha
(Ugq, Upg) trong mat phing a, B. Gia st dién ap ba pha duoc cho boi: U= U, V =
Uy; W=U,.Véidiéukién U, + U, + U, = 0, ap dung bién ddi Clarke [155], ta co:

2/3 —-1/3 —1/3 1[Ye
[Up] [0 1/V3 —1/43

- Chuyén ddi tir toa do hai pha sang toa do tir dién - chuyén doi Park (Park

(2.152)

transformation). bé chuyén doi tr toa do (a, B) sang toa do (d, q), st dung mdt goc
quay 6 dé dinh vi truc (d, q). Biéu thuc bién dbi Park nhu sau [155]:

)= Sin@y cosco [

Budc 2: Diéu khién doc 12p m6 men va tur thong

(2.153)
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- Piéu khién m6 men xodn: Thong qua thanh phan U > MO men xoan dong co dugc
diéu khién bang viéc diéu chinh dong dién I q trong truc q.

- Kiém soat tir thong: Thanh phan Uy lién quan dén gia tri tir thong 16 to. Dé c6 hiéu
suat ti uu, thudng dit gia tri nay khong d6i & mirc tbi uu.

Budc 3: Phuong thic diéu khién

- Piéu khién PID hoic diéu khién khac: Str dung mot bo diéu khién PID dé duy tri
gia tri mong mudn cho U q (m6 men) va Uy (tir thong).

- Tinh toan dién &p dau ra: T cac gia tri dau vao U q va Ug sau khi da diéu khién,
tinh toan dién 4p dau ra cho bo chuyén ddi inverter.

Budc 4: Bién dbi Park nguoc. Chuyén d6i dién ap U q va Uy vé dién 4p ba pha U,

cho inverter. Biéu thirc bién ddi nguoc nhu sau [155]:

U, 1 v3/2 |y
Upl=| 1 —v3)2 [UZ] (2.154)
¢ -1 0

2.4.2. Thiét ké bd diéu khién PID-FOC cho ddong co PMSM

2.4.2.1. Cau triic ciia PID-FOC cho h¢ thong EPS
Mo hinh nguyén 1y chién lugc kiém soat PID-FOC cho hé thng 14i EPS dugc thé
hién nhu Hinh 2.19.

Ty
IITas — Motor Ta"’_'f + y y y
e > - rnYr Yr
»| gear ‘ P Ac
Td EPS T INPUT|} _ PID-FOC i :t‘:“:‘r’l‘ig—b
v > MAP| ' arq|signall Ae fController + y T,
» | model |¢——
— s TL
Trd
Random
Trd(t)

Hinh 2.19. So' d6 chién lwgc kiém sodt EPS

Mo hinh nguyén 1y chién luoc diéu khién tong quat dugc minh hoa nhu Hinh 2.19
gém: Bo diéu khién PID-FOC dugc thiét ké gdm cac mé dun chirc ning chinh nhu sau:
mé dun “EPS MAP” tinh toan mé men tro luc yéu ciu ( T 4rq) dua trén tin hi¢u mé men
14i (T4) va van toc xe (v). M6 dun “INPUT SIGNAL” tiép nhan gia tri (T4y,) va so sanh
v6i mé men tro luc thyc té cia dong co 14i PMSM (T ,4s) thu duoc tir cam bién mé men
dong co dién. Trén co sé d6, md dun nay tinh toan sai léch dong dién diéu khién (e) va
sai léch dao ham dong dién (4e), sau d6 chuan hoa hai dai luong nay trude khi dwa vao
md dun diéu khién “PID-FOC”.

M6 dun “PID-FOC” nhan cidp tin hiéu chuan héa (&,Ae) va thuc hién diéu khién
dong dién (I) cap cho dong co tro lyc nham tao ra mod men tro luc thyc té (T pgs). M6 dun
“Steering dynamic model” m6 phong PLH hé thong 14i tir tin hiéu dau vao 13 mé men tir
dong co tro luc qua hop giam toc (T yqs), MO men lai (Ty) va mo men phan hoi tir mat
duong (T,). Tir d6 tao ra phan hdi trang thai vé chuyén vi, vin toc va gia téc cua thanh
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rang lai (y,, V,,¥,). Bén canh d6, m6é dun “Random” mo ta thanh phan mé men nhiéu
ngau nhién (T,4), phan anh cac tac dong ngau nhién khong xac dinh tir mat duong.
2.4.2.2. Tin hi¢u dieu khién va tin hi¢u phan hoi

So do diéu khién PID-FOC cho dong co PMSM dugc thé hién nhu Hinh 2.20.

biéu khién PID Diéu khien FOC Hé théng vat ly
PID Control FOC Control Physical system
17 | B6 diéu khién PID vt Nguon
- B6 didu wrer | Gia tri muc . (Dong dién Iy) 9 R \:l)llta?e
ref khién PID | tiéu kiém 9| PID controller Chu ky PRy
- 7. |sodt MTPA (current ) ref 3wl nhiém vy
m PID | MTPA Vd Chuyén déi S Voe
—>{ controller *| control B - - — park ngwoc v, Vec to Duty cycles‘ v
(Torque) reference Is”'=0| B diéu khién PID Inverse » khong gian 7| B6 chuyen
P (Dong dién ly) siné, park v Space — déi
d PID controller > transform E_,| vector »| Inventor
(current Iy) generator
cosf, v, | vl vl
, Chuyén ddi |¢—'«__[ Chuyén déi | la
park Clarke |
( ( Park b Clarke I
[ transform | transform [¢———————|—
A A
N——]
sing, cosé, 3
\ 2 {
Bién déi Mech vi tri %
Sin-cos | 6 Mech to
Sine-cosine [~ elect
lookup position
A
em
. Bo giai ma Phan héi vi tri
Tw Bo mé men T cam bién [Position feedback
Torque < Sensor .
measurement _ Phan hoi mé men
decoder Torque feedback

Hinh 2.20. So' d6 diéu khién PID-FOC cho déng co PMSM
Tin hiéu diéu khién va tin hiéu phan hoi: Bo diéu khién PID-FOC st dung hai tin
hiéu dau vao gom: sai I¢ch dong dién di€u khién (e), dugc xac dinh tir chénh 1éch gitra
dong dién dicu khién dat (i5,) va dong dién thuc t€ (is,), cling voi sai Iéch dao ham dong
dién (de).
e =lgq— lgq; Ae = é (2.152)
Pé ting cuong kha nang thich nghi va dam bao hiu qua, hai tin hi¢u trén dugc
chuan hoéa theo mién bién thién thuc té cua tin hiéu dong dién, gitip cho hé¢ thng dat
duoc tinh tong quat cao, dé dang chuyen giao gitra cac cau hinh xe, dong thoi giam tai
tinh toan khi trién khai cac mo hinh dlqu khién dua trén thudt toan hoc tang cuong trong
hé thong EPS. Chuan hda dudi dang phan tram bang cong thic sau:
e; Ae;

éi= ; Ei=

€max Aemax

2.5. PHUGNG PHAP VA CAC CHI TIEU DANH GIA CAM GIAC LAI

2.5.1. Cam gidc 1ai va mé hinh diéu khién vong kin “Nguoi 14i - Phwong tién”

(2.153)

Pic diém cua cam giac 1ai doi hoi phai phan tich dong thoi ca xe va ngudi i, tao
thanh vong diéu khién "Ngudi 1ai-Phuong tién" khép kin [156], [157], [158] nhu Hinh
2.21. Trong h¢ thong nay, nguoi lai dong vai tro la bo diéu khién, phat hién d¢ léch trong
céc bién diéu khién so véi trang thdi mong mudn va diéu chinh cac bién kich hoat va goc
14i cho phu hop. Nguoi lai dua vao mot ) nguén thong tin dé thuc hién nhiém vu lai xe:
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Phuong tién
Vehicle
(control path)

Go6c danh lai
Steering wheel angle

Hwéng didu khién Vanh tay lai
(Bién diéu khién) Phan héi tir xe (Nguc_>n truyén)
Driving direction Vehicle feedback Steering wheel
(control variable) 1 (actuator)
Phan hai lai 1
Nguwoi lai Steering feedback
_ (B6 diéu khién) <
Driver Tin hiéu vao mé men/géc lai
(controller) Steering wheel input Torque/Angle
Anh sang/Optic
_Xuc giac/Haptic
Am thanh/Acoustic
bong hoc/Kinaesthetic

Hinh 2.21. M6 hinh diéu khién kin "Ngwoi ldi-Phwong tién"

Thong tin quang hoc: Pay 1a ngudn chinh dé danh gia tinh trang duong sa, vi tri xe
va chuéng ngai vat. Nguoi 1ai c¢6 thé cam nhan dugc phan tng ciia xe nhu goc 1éch, van
tdc 1éch va goc 1éch ngang & tan sd 1én dén 0,5 Hz [159], [160].

Thong tin vé van dong: C6 ngudn gdc tir hé thong tién dinh, thong tin nay lién quan
dén cac chuyén dong goc, bao gom do léch, do lan va gia téc ngang, c6 thé duoc ngudi
14i phat hién ¢ tan sb 1én dén 2 Hz [159].

Thong tin xtc gidc: Phan hdi nay xudt phat tir sy twong tic gitra co thé nguoi 14i,
ghé ngéi va mo men lai. Ghé ngdi cung cép dir liéu gia tdc ngang, trong khi mé men 14i
truyén tai thong tin quan trong lién quan dén trang thai lai xe [157].

Thong tin 4m thanh: Am thanh, chang han nhu tiéng 16p xe rit 1én trong qué trinh gia
tdc ngang cao, dong vai tro 1a chi bao vé cac diéu kién lai xe co kha nang quan trong.

Xe hoat dong nhu hé thong duoc kiém soat, phan ung voi cac bién sd tac dong va
nhiéu bang cach thay doi bién sé diéu khién ctia né nhu huéng 1i xe, v6i cac bién sé diéu
khién chinh 1a van tdc va huéng 14i xe.

—|
I
I
I
I
I
I
I
I
I
I
I

Ngwdi lai/Driver

Quy dao chuyén dong
Trajectory of the road

Diéu khién thich irng |
Anticipatory control

Nhiéu
Disturbance

I

I

]

I

I

I Hanh déng khéng lién
| quan dén nhiém vu

| diéu khién
I

|

I

I

|

I

Phwong tién | Quy dao thwc té
Vehicle “| Actual trajectory

Steering unrelated to
the control task

A\ 4

Diéu khién bu
Compensatory control

Quan sat quy dao
Trajectory difinition

I ]

Hinh 2.22. M6 hinh diéu khién kin "Nguwoi ldi-Phwong tién" thong thuwong
Theo [161], nhi€ém vu duy tri huéng di ciia nguoi lai chia thanh cac phan diéu khién
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du doan (vong hg) va bu trir (vong kin). Phéan vong ho dua vao kha nang cua nguoi lai
trong viéc dicu chinh kip thoi cac blen s6 tac dong dé di theo quy dao mong mudn. Kiém
so4t bu trir 1a can thiét dé giai quyét cac su khac biét do nhiéu loan bén ngoai gay ra nhu
gi6 bén..., co thé ngan can sy can chinh hoan hao gitra chuyén dong mong mudn va
chuyén dong thuc té cua xe. Céc dic diém xir 1y ciia xe anh huong déng ké dén ca nhiém
vu kiém soat 6n dinh va pham vi nhiém vy dy doan [161], [162].

Pé t6i vu hoa chirc ning va do 6n dinh cia vong diéu khién, xe phai dugc diéu
chinh theo dic diém cua nguoi lai, ddm bao kha nang xur 1y thuan loi trong diéu kién binh
thuong va hanh vi ¢é thé du doan dugc & gi61 han. Pac tinh 141 anh hudng 16n dén cac
tinh hudng nay [163].
2.5.1.1. Cam gidc ldi - Hanh vi dén huéng

Hanh vi dan huéng dé cap dén kha ning ciia xe nhanh chong cac thay doi huéng do
nguoi 1ai khoi tao thong qua cac 1énh 1ai nhu mé men 1ai, goc 1ai, duy tri kha nang kiém
so4t & moi van tdc. Cam giac 1ai co thé duoc phan tich theo ca nghia hep va nghia rong.
Nghia hep tap trung vao goc vanh tay ldi, mé men l4i co thé cam nhan duoc va su phu
thudc cua ching vao van tdc 6 t6, nhan manh vao nhan thic cam giac xuc giac. Nghia
rong bao gdm phan tng PLH téng thé cua xe dbi v6i cac dau vao cua tin hiéu 14i nhu mé
men 1ai, goc 14i, két hop cac nhan thire Ve quang hoc va van dong hoc. Géc lai va mo men
lai dugc hi€u chinh chinh xac la yéu tb quan trong dé dat dugc kha nang xur 1y nhanh
nhen & van toc thap va do 6n dinh & van tde cao.
2.5.1.2. Cam gidc ldi - Hanh vi phin hoi

Hanh vi phan hoi trong hé thong 1ai lién quan dén viéc truyén dat thong tin vé gidi
han d6 bam cia banh xe dan hudng va diéu kién mat duong dén nguoi 1ai thong qua hé
thong lai. Nguoi lai nhan dugc phan ho6i van hanh thong qua mo men lai, vdi cac phan
hoi 16 rang vé gi01 han d6 bam cua banh xe. Nhing thay do6i cuia vét tiép xic gitra 16p va
mit duong dan dén giam mo men l4i, bao hiéu gidi han do bam cta banh xe dan huéng.

2.5.2. Phuong phap danh gia cam giac lai

Nganh cong nghiép 6 t6 phai d6i mat véi nhitng thach thie dang ké trong viée xac
dinh mo6 men 1ai va thong s6 phan hoi ctia vanh tay lai t6i vu dé nang cao cam giac 1ai.
C6 ba phuong phap chinh dugc st dung trong qua trinh diéu khién xe va phat trién cam
giac 1ai bao gdm: Phuong phap danh gia chii quan; Phuong phap khach quan; Phuong
phap mo phong ao.
2.5.2.1. Phuwong phap danh gia chi quan

Phuong phap danh gia chii quan: Bao gém céc danh gia chu quan do cac tai Xe
chuyén gia thir nghiém thuc hién véi kién thic sau rong vé trai nghiém lai xe mong mudn
nhu d§ muot ma, cam giac thoai mai hay tinh thé thao.... Nhiing tai xe nay, thuong dén
tir nhiéu nhom 1ai xe khac nhau, cung cap thong tin chi tlet toan dién Ve moi quan h¢ gitra
tin hiéu 14i va cac phan hoi. Phuong phap chu quan nay da dugc cai tién trong nhleu thap
ky dé cai thién cam gidc lai trén hau hét cac loai xe. Tuy nhién, phuong phap nay t6n kém
do cac yéu cAu nguyén mau rong rdi va phy thugc nhiéu vao cam giac va cac 16i ctia hé
thong lai ma khong co sy hiéu biét sau sic vé co ché hoat dong cua h¢ thong 1a1.

Bang so dd danh gia chu quan dugc chuan hoa dé phan biét 4o sau danh gia theo
bon cap do, dua trén kinh nghiém ciia nguoi danh gia [164], [165]. Danh gia cua nhing
nguoi khong phai chuyén gia va khach hang duoc thé hién bang cap d6 I va II, cac cap do
I1I va IV thé hién d6 sau danh gia dat duoc boi cac chuyén gia l4i xe nhu Hinh 2.23.

Trong qué trinh danh gia chu quan vé cic dic tinh 1ai thong qua nguoi 14i, ¢ cac
phan tich sau:
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- Phan hoéi thi giac nhu do 1éch so voi hudng mong mudn;

| Mdrc 1 X ly Lai Tinh thoai mai Phanh
|_Level 1 Handling Steering Ride comfort Braking |
|
| ! == —— — 3 — -
Mtrc 2 Dirng-Dé Di thing Quay véng Phan hdi
|_Level 2 Parking Straight driving Cornering Feedback |
| ! = - — — 3 — -
Mdrc 3 Phan tng Cam giac trung tam N6 Iwc lai Cam giac dwoéong
|_Level 3 Response Centre - feel Steering effort Road - feel |
| y A A *_ _l
Mtrc 4 Do bam Do déc mé men Vung chét
Level 4 Friction Torque gradient Dead - band |

L

Hinh 2.23. So do dinh gid da cdp

- Phan héi xtic giac tir vanh tay lai nhu goc vanh tay 1ai, van tc goc vanh tay 1ai, mo
men lai vanh tay 1ai;

- Phan hdi vé mit dong hoc tir phan tng cua xe nhu gia tdc ngang va van toc léch
huéng va van toc lan dugc tich liy;

- Phan hoi vé mat am thanh tir tiéng 6n ciia dong co, tiéng gio, tiéng rit cta 16p xe...

Viéc ghi nhan tiém thtrc va ¥ thirc cac an twong nhin thiy va cam nhan duoc dan dén
¥ kién vé hiéu suat 1ai xe va cam giac l4i twong Gng.

Céac phuong thire danh gia c6 thé thuc hién bao gom: Panh gia thong qua céc tap chi,
nguoi dung va danh gia trong nganh cong nghiép 6 to
a. Danh gida thong qua cdc tap chi va nguwoi dung

Trong nhleu thap ky, nhiéu tap chi k¥ thuat 6 t6 da cung cap cho doc gia nhitng hiéu
biét sdu sic vé hiéu suat cta xe thong qua cac danh gia chu quan va cac phép do khach
quan. Cam giac lai, mot khia canh quan trong cua DLH xe, thu:ong dugc mo ta bang cac
thuat ngtr dinh t1nh nhu "nang", "chac", "dam", "thoai mai", "muot ma", "ém diu-6n
dinh", "séng", "sac- -nhanh", “bam du’ong” “ he” “sach”, “én lai”, “i” "ket" "rit", "ro",
“dinh”, "léng",..., truyén tai trai nghiém lai xe. Tuy nhié€n, thuat ngir ma cac tap chi 6 t6
va nguoi tiéu dung st dung c6 thé mo ho, ddn dén hiéu 1am v& trang thai l4i xe dugce danh
gia. Cac bang cdu hoi chuan hoa dé danh gia cam giac lai thuong st dung thuat ngir
chuyén nganh nhu: cam giac vi tri trung tam, dai chét, tuyen tinh, phi tuyén, do ddc... co
thé khong phu hop véi nguoi 14i xe trung binh, gop phan tao nén két qua khong nhét quan.
Ngoai ra, su khac biét vé vin héa anh huong dén s thich cia nguoi tiéu dung, voi thi
truong Hoa Ky wa chudng mo men 14i thap dé tao su thoai mai, trong khi thi truong chau
Au thich mé men cao hon dé tao tinh thé thao [165], [166], [167].

b. Danh gia trong nganh cong nghiép o to

Trong nganh cong nghiép 6 6, mot hé thong danh gia tinh vi la diéu can thiét dé
danh gia chi quan vé cam giac 1ai ctia xe. C6 thé thuc hién bang cac phuong thirc sau:

- Bang cdu hoi: Cac bang cau hoi danh gia chu quan dugc 1ap ra dé nguoi 14i thir
nghiém sir dung, két hop thuat ngit chuyén nganh. Cac bang cau héi niy phai rd rang va
phu hop véi chuyén mén cua nguoi danh gia. Can c6 nhiéu tuyén duong va bé mat khac
nhau de danh gi4 cac dic diém xu 1y 1ai, trong khi khuyen nghi gié1 han tiéu chi danh gia
cho mdi lan 14i thir dé giam thiéu tinh trang qué tai vé nhan thirc va dam bao chat luong
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danh gia cao. Banh gia chi tiét vé cam gidc lai stir dung cac ti€u chi khac biét phu hop véi
cac cap do III va IV cua so do danh gia nhiéu cap do nhu Hinh 2.24 [164], [166], [168].

mo ta bang 101 nhu “rat kém” va “xuat sic”

Chi tiéu cam giac lai
Criteria for steering fell

v v v v
Kha na_r}g dieu Dirng-dé Kha ning di thing Kha nang quay Phan h_0| lai
khién Parkin Straight ahead abilit vong Steering
Maneuverability 9 9 y Cornering ability feedback

Mirc mé men lai
Steering wheel

Van téc géc lai
Steering angular

M6 men trung tam
Steering wheel Torque

Céu hinh mé men lai
Steering wheel torque

Nhiéu/M6 men

Steering wheel

Remaining angle torque profile

! ! € phan hai
velocity torque magnitude on-center profile Disturbances/
Torque feedback
Géc dw Cau hinh mé men 1ai Pham (rng lai trung tam|

Steering response on-
center

teering wheel Torque
magnitude

}S Mirc mé men lai

Cam giac dwong/
Mé men phan hoi

Gée lai yéu ciu
Steering angle
demand

Kha nang tra lai
Steering
returnability

Cam giac trung tam
Center feel

Road feel/Torque

Yéu ciu géc lai khi
feedback

chuyén lan
Steering wheel angle

demand lane change

Ban kinh quay
vong
Turning radius

Ma sat lai
Steering friction

N6 Iwc quay vong
Correcting effort

Response
off-centre

Phan (rng léch tam

Tinh déi xtrng
Symmetry

Hinh 2.24. Cac thudc tinh chinh cia danh gid cam gidac ldi.
Thang danh gid chu quan. C6 hai loai chinh dugc cong nhan: Thang dong - thang
tuong dbi nay sur dung cac gia tri sé dé chiray kién so sanh, voi diém giira biéu thi tinh
trung 1ap. Ung dung hiéu qua dé xuat t6i da sau cap d6 dé tang cuong tinh rd rang; Thang
do m6 - thang do lién tyc mudi diém, don cu’c pho bién trong nganh, st dung cac diém

. Thang do nay tao diéu kién cho viéc tinh

trung binh nhiéu danh gia va danh gia xem cac dac diém co dap tng céac tiéu chuan cua
nganh hay khong, bang cach chi dinh diém tur 6 dén 10 [169].
Bang 2.2. Thang danh gid xe va chi so danh gida [169]

Xe rat noi bat, cac giai phap ky thuit hoan

Vehicle is outstanding the technical

1 . : . . ;
0 toan vwot qua mong doi. solutions totally exceed expectations.
9 Xe rat tuyét voi, cac giai phap ky thuit vwot | Vehicle is excellent the technical
qua mong doi mot chut. solutions slightly exceed expectations.
3 Xe rat tot va dap &ng moi mong doi, khach | Vehicle is very good and meets all
hang hai long. expectations customer is satisfied.
Xe tot, c6 mot s6 sai léch nho so véi thong sé . . _
~ N - , R . | Vehicle is good, minor deviations from
ky thuat danh nghia nhwng khach hang chi ; o
7 R ~ \ .. | the nominal specification but the
nhan ra trong nhitng trwong hop hiém . ) .
A o customer is aware only in rare/isolated.
hoi/riéng biét.
6 Xe hdau nhw khong dat yéu cau, khong dap | Vehicle is barely satisfactory failing to
rng day di mong doi. fully meet expectations.
5 Xe Khong dat yéu cau, cac vin dé sé dwoc | Vehicle is unsatisfactory problems will
stra chira vao lan téi. be repaired at the next opportunity.
. . : hicle i — o
4 | Xe thiéu sét, can phai dén xudng ngay. Vehicle is deficient inquiring an urgent

visit to the workshop.
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Vehicle conditions leads to high
customer annoyance, customer will
visit the workshop immediately.

Tinh trang xe khién khich hang rat khé
chiu, khach hang sé dén xwdng ngay lap tirc.

Xe giy ra sw cd khach hang sé de doa sé c6 | Vehicle causes a breakdown, customer
2 | hanh dong phap ly hodc thdong bao cho | will threaten to take legal action or
truyén théng/bdo chi. inform the TV/press.

Xe khong dap ng cic yéu cau vé an toan, 16i | Vehicle fails to meet safety requirements
1 | ndy giy nguy hi€ém cho an toan hodc xe c6 | this defect constitutes a safety hazard
thé bi tich thu. or vehicle could be impounded.

2.5.2.2. Phwong phap danh gia khach quan

Phuong phap khach quan: Phuong phap nay dé dinh lugng cac dac tinh diéu khién
xe, bo sung cho cac danh gia chu quan. Dé thuc hién viéc nay can thiét phai ¢ cac thao
tac lai xe va su dung cac cong cu do luong dé thu thap dir li¢u phan h01 141, sau d6 dugc
phan tich dé rut ra cac thong s6 khach quan nhu gia tbc ngang va van toc léch... Mic du
phuong phap nay tép trung vao gia téc ngang tlr trung binh dén cao, nhung lai thiéu tai
liéu chuan hoa vé phan hoi va cam giac lai ly tuong, voi cac tiéu chuan hién c6 chu yéu
néu 1d cac quy trinh thir nghiém thay vi cac s6 liéu hiéu suat ¢ thé chap nhan dugc.

Dir liéu théi gian/ Xtr ly di¥ liéu/Data z A
, a N H v Tham s6 muc tiéu/
Thtr nghiém va do Time data processing Objective parameter

lwéng/Vehicle test and — —
Measurement | >G6c 1ai/Steering angle| > _Bu trv/Off-set | > 25 I;;;E;ain
. B | M6 men lai/Steering Piéu chinh _da_c tinh/ | D6 djéh 'phalPhase

Vong kin/Closed loop _ torque Curve fitting shift
Vong hé/Open loop Gia toc ngang/Lateral Hiéu chinh tin hiéu/ .o x -
g : . Do tré/Hysteresis
acceleration Signal correcting .

Hinh 2.25. Thir nghiém khdach quan

Pic diém khach quan cta cam giac lai dua trén céac gia tri va thong sd do duoc thu
dugc tir cac bai kiém tra xe, nham muc dich giam thiéu su phu thudc vao sé thich cua
ting ngudi lai trong qua trinh phat trién xe. Nganh cong nghiép 6 to tip trung vao cic
danh gia khach quan nay dé cai thién mo ta vé cach diéu khién xe. Viéc st dung mo
phong xe va lai xe co6 thé giup giam thém thoi gian va chi phi phat trién, voi diéu kién 1a
cac MHMP dugc xéac thuc bang dir liéu do luong phi hop.

Hinh 2.25 minh hoa mdi quan hé giita cam giac 14i va cac phép do trén xe, diéu nay
s& mang lai két qua c6 thé lip lai va it bi anh hudng boi cac yéu té méi trudng. Co thé
thuc hién so sanh dinh luong cac thong s6 khach quan thong qua xtr 1y dir liéu, bao gdbm
hiéu chinh bu trtr, diéu chinh duong cong va diéu chinh d6 tré thoi gian. Céac bai kiém tra
xe khach quan c6 thé dugc phan loai thanh cac bai kiém tra vong hd va vong kin.
a. Thir nghiém vong kin

__Nhiéu .| Phuwongtién |_Phan (ng cua xe
Disturbance Vehicle “Vehicle respons

Vong diéu khién
Géc danh lai Control loop
Steering angle input

_ Robot lai )
"| Steeringrobot | Bién dduvao
Input values
B6 diéu khién
Controller

Hinh 2.26. Thir nghiém vong kin
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Cac bai kiém tra vong kin danh gia toan bo hé thong xe - nguoi 1ai, duy tri ca kha
nang kiém soat DLH theo phuong doc va phuong ngang [170]. Nguoi 14i xe quan 1y viée
diéu khién xe trong khi cac yéu t6 moi truong anh huong dén phan tmg cua xe, han che
kha nang tai tao cac thong s khach quan do sy thay doi cua tung nguoi lai xe [171].

b. Thwr nghiém vong ho

Trong cac thur nghiém vong ho, DLH theo phuong ngang khong dugc diéu chinh,

v6i cac gia tri dau vao do nguoi 1ai hodc ro bét 14i diéu khién.

Nhiéu - Phuwong tién Phan (rng cua xe
Disturbance Vehicle “Vehicle response

Vong diéu khién
Goc danh lai Control loop
Steering angle input

Ro_bot lai < Bién dau vao
Steering robot Input values
Bo diéu khién

Controller

Hinh 2.27. Thir nghiém vong ho

Céc thir nghiém chuan hoa nhu trong cac tiéu chuan quy chudn qudc té ISO 13674-1
[172], ISO 7401 [173], ISO 8725 [174], ISO 4138 [175], ISO/TS 20119 [176], ISO
13674-2 [177], ISO 22139:2022 [178], ISO 11008 [179], tiéu chuan quéc gia Trung
Qudc GB/T40509-2021 [180], GB/T 6323-2014 [119] bao gom:

- Thir nghiém xtr 1y trung tam (On-centre handling test):

- Thtr nghiém chuyén trang thai (Transition test):

- Thtr nghiém kha nang tra 14i (Returnability test):

- Thir nghiém quay vong tai chd (Steering effort test at standstill);

- Thir nghiém dau vao tin hiéu budc (Step steering input test), tin hiéu xung (Pulse
steering 1nput test); tin hleu sm (Sine steering input test);

- Kiém tra dap tng tan sb (Frequency response test);

- Kiém tra quay vong trang thai 6n dinh (Steady-state circular test);

- Thtr nghiém 14i thang (Straight-line driving test);

Pé mo ta va phan tich duoc cac dic tinh 14i, doi hoi can tién hanh nhiéu thir nghiém
dé c6 thé thu duoc sb lidu toan dién. Cac bai thi nghiém trén cung cép su hiéu biét toan
dién vé dic tinh 1ai cua xe, tao diéu kién cho viéc phat trién cac hé théng l4i phan ing
nhanh va 6n dinh hon.
2.5.2.3. Phuwong phap mo phéng do

Phuong phap moé phong ao: Phuong phap nay tan dung cac MHMP tién tién dé danh
gia PLH xe va dic tinh diéu khién Xe ngay tu dau qua trinh phat tr1en Phuong phap do
nay cho phép phan tich hiéu qua va t6i vu vé chi phi d6i voi nhiéu cau hinh xe khac nhau
va nhan manh tam ‘quan trong cua viéc 1ap ban d6 cac thanh phan quan trong nhu hé
thong 1ai va dic diém 16p xe. Tuy nhién, phuong phap nay ciing gap phai nhimg thach
thizc do c6 thé dinh nghia khong chinh xac cac thong s6 muyc tiéu dé co kha niang diéu
chinh cam giac 14i t6i wu.

Nhuw vdy, viéc nghién cuu ket hop gitta danh gia chi quan, thir nghi¢m khach
quan va mé phéng do la diéu can thiét dé dat dwoc phdn hoéi ldi phii hop véi tieng
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thwong hi¢u va phin khic. Nghién citu sdu sdc vé sw twong tdc giita cdc théng so
khdach quan va danh gid chii quan la rit quan trong dé tinh chinh quy trinh mo phong
do va thiét Igp cdc gid tri muc tiéu dam bdo cdc dic tinh ldi mong muén.

2.5.3. Chi tiéu danh gia cam giac lai

Céc chi tiéu danh gia cam giac 14i khach quan dugc xac dinh trén sb liéu thir nghiém
cua cac duong dac tinh mo ta phan img dong lyc hoc cua hé théng lai va dong luc hoc
cua 0 t6. Céc bai thir nghiém khac nhau s€ c6 cac chi ti€u danh gid khac nhau.

Pé danh gia cam giac 1ai cua hé thong lai v6i dic tinh 1ai 1y twong di duoc dé xuat,
trén co so cac quy dinh trong tiéu chuan ISO va tiéu chuan qudc gia Trung Qubc GB/T,
ludn an lya chon céc chi ti€éu danh gia nhu Bang 2.3 cho hai bai thir nghiém: Thur nghiém
xu 1y trung tdm (On-centre handling test) va thir nghiém chuyén trang thai (Transition
test). Cac gia tri Iy tuong cia cac chi s danh gia cam giac 1ai dugc thu thap va tong hop
tur cac tai liu [50], [60], [66], [84], [124], [132] [180-203]. Déi voi cac bai thu nghi¢m
khac, cac chi tiéu danh gia s& duoc trinh bay khi phén tich danh gia két qua thir nghiém
twong ung voi bai thur nghiém do.

Bang 2.3. Cac chi tiéu danh gia khdach quan cam gidc lai.
a. Pac tinh m6 men lai theo goc ldi (Steering torque versus Steering wheel angle)

TT Tham s6 Pon vi Giai thich Y nghia GTLT
, - . Ideal
No Parameter Unit Description Meaning
values
b0 clrng 1ai trung Po dd clrng ctia vanh tay P06 clrng vanh tay lai cao ddm
1 binh Nm/9 14i trong pham vi gécldi  bao phan hoi t6t nhwng cé thé 0.10.5
(Mean steering V™1 4 yo y6ix1210% gocl4i  khién 14 xe mét moi. P cimg 0170

stiffness) cuec dai. qué thip lam gidm sw chinh xac.
Do clrng lai tai Mo A s PN o
a6c1ai= 0 Po dé déc clia duomg dzc U0 thdy do chinhxécvasuon
2 . . [NM/ Y e o o s dinh ctia hé théng lai khi ¢ vitri 0.1+1.0
(Steering stiffness tinh 14ai tai géc l1ai bang 0. A
trung tam.
at zero)
banh gia tinh d6i xrng cua dic
Hé s6 bat doi La ty so gitra dd clrng lai tAuySn e phanﬂhol Aha} chleu:
xtmg bén trdi vabén phai ¢ 30 # 1 chothaydoléchhodc o5 4 45
3 (Asymmetr i trong cung pham vi géc sai khac trong cam gidc quay -
}r]atio) y & gi ér; : & trai/phai, thwong do ma sat
' khong déu hoac hiéu chinh sai
trong hé thong EPS.
Ma sat thip ddm bao mwot ma
M6 men ma sat hé nhwng cin da 16n dé khong giy
4 thong [Nm] Mo men ma fat gayra béi ma‘E on du}h. I\ilo men ma .s,at 0.1:2.0
(Torque hé thong lai. qua cao c6 thé gay cam giac
deadband) nang né, trong khi qua thap cé

thé dan dén thiéu phan hoi.
Biéu thi ton thit nang lwong do
ma sat, dan hoi hodc do tré cla
hé théng. Dién tich 1én phan hoi -
cham, gidm tinh mwot va tinh
chinh xac.

Dién tich giira hai dwong
cong moO men va goc lai
khi xoay thuén va hoi
vanh tay lai

Dién tich vong tré
5 (LoopareaSWT- [Nm.9
SWA)

Mo6 men lai 16n N 12 we AR
M6 men lai l&én nhat dé

6 nhat [Nm] tao ra gia téc ngang yéu Tinh thao tac nhe nhang thuan 1.0+3.5;
(Maximum A0 T gla toc ngang y tién TT:<5
cau
torque)
G6c 14i 16n nhat Go6c1ailon nhat dé taora Tinh thao tic nhe nhang thuin )
7 . [9 -al ot " 15+40
(Maximum gla toc ngang yeu cau tien
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steering angle)
Hé s6 tuyén tinh R? dwoc e e o,
i y "~ Cho biét mtrc do tuyén tinh cua

xac dinh bang mtc do A A A
twrong quan gitra dit liéu quan hé mo men lai va goc 1:311.
' R? gan 1 biéu thi phan hoi 6n 0.9+1.0

Hé s6 tuyén tinh
2 P) PN \ N W
8 . R. 2 thir nghle;m va dqu 5 h(.)l dinh, mwot, dé dw doan. Gia tri
(Linearity R*) quy tuyén tinh, biéu thi PR o ”
A1 a1 thap thé hién phi tuyén, phan
d6 phu hop cia m6 hinh hoi khong 6n dinh
tuyén tinh véi dit lidu do. & on &indi.
b. Pic tinh gia toc ngang theo goc 1ai (Lateral acceleration vs Steering wheel angle)
TT Tham s D“,’i“ Giai thich Y nghia GTLT
No Parameter Unit Description Meaning Ideal values
D6 dbc trung binh  Phan danh méi quan hé gitra

cia dac tuyéngia gbcvanh tay lai va phan rng
[g/°] tOocngang theogéc than xe. Gia tri cao xe nhay,

lai trong vung phan rng nhanh; gié tri thé’p

tuyeén tinh. phan rng cham, cam giac “i”

P06 doc dac tinh tai .
Pac trung cho cam giac “xi ly

Do nhay gia tdc ngang
0.012+0.015

1 trung binh
(Mean sensitivity)

D0 nhay lai tai goc lai s . :
bang 0 goc lai bang 0, xac 14i trung tAm” kha ning duy
2 e g/9 dinh quanh ving 0.012+0.019
(Mean sensitivity at A s tri hwdéng khi thay déi goc
trung tdm vanh tay
swa = 0) 14 nho.

Panh gia d6 “tro” cia hé thong
1ai. Viing chét 16n lam giam

Ving chét géc lai tai Gid tri goc 14i khi
3 gia toc bang 0 [ giatdc ngang bing tinh chinh x4c khi diéu chinh 2-4
(Response angle h heé thid
deadband at ACC= 0) wéng nhé, gy cam giac thiéu
phan hoi.
Vung chét gia téc Thé hién do 6n dinh cda than
ngang tai goc 14i bang 0 9] Gia tri gia toc ngang  xe trong diéu kién l4i thang. 0.04-0.06
(Lateral acceleration khi goclaibang 0  Vung chét nhé gitup xe phan R
deadband at SWA =0 h6i chinh xac hon.
Dién tich gitta hai Phan 4nh hién twong tré trong
dwong dac tinh phan rng dong hoc cua xe.
<0.25

Dién tich 16m cadm giac lai
thi€u mwot, phan rng khong
dong bo.
X4c dinh bang mirc 7Ch0 biét rfn'rcAd(f) tuyé,’p t}'nh,
do twong quan giita cua q121ar\} hé mo men ldi va goc
14i. R® gan 1 biéu thi phan héi 0.9:1.0

5 DleElL’:)l(C)h Z(r):ag)lap [g. 9 trongquadtrinh
p danh 14i thuan va
hoi 14i.

Hé s6 tuyén tinh R? R h >
6 (Linearity R%) - dtliéuthi nghiem o dinh, mwot, d& dw doan.
vaduwonghoiquy .., .~ o el.. S
tuyén tinh Gia tri thap thé hlen7ph1 tuyén,
phan héi khong on dinh.
c. Pac tinh mo men lai theo gia toc ngang (Steering torque versus Lateral acceleration)
TT Tham sé Pon vi Giai thich Y nghia GTLT
, o . Ideal
No Parameter Unit Description Meaning
values
A x A . Xac dinh bang do thay  Phan 4nh mirc dd ndng nhe
P06 doc mo men lai or R B A L PR “
C s doi trung binh ctamé  cua vanh tay lai khi xe bat
tai gia toc bang 0 fs P " A A .
. [Nm/g] menldisovédigiatdoc dautaolyclytam; gitp danh 20+35
(Torque gradient at N . e T e X e
ngang trong vung gia  gia cdm giac chac va 6n dinh
ACC=0) x . e s A . A
toc gan bang khéng. quanh vi tri trung tam.
Xac dinh bang d6 thay ~ Danh gia sw bién thién do
10-20

ndng cla vanh tay lai khi xe

D6 d6c mo6 men lai
bt dAu vao trang thai quay

2 taigiat6cbing0,1g-
(Torque gradient at

[Nm/g]  d&icia mo6 men lai
trong vung gia téc
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acc =0,1g ngang khoang 0,1g.

La chénh léch giiva gia
tri mo men lai khi tang
va khi giam gia tdc
ngang tai cuing mot gia
tri gia toc.

La chénh léch giiva gia
tri gia téc ngang khi
tang va khi giam mé
men lai tai cing mot
gia tri mé men.

La dién tich gi¢i han
bé&i hai dwong dac

Do tré md men lai
(Torque hysteresis)

[Nm]

Do tré gia tc ngang
4  (Lateral acceleration
hysteresis)

[g]

Dién tich vong lap
> (Loop area) [Nm. g] tdc ngang khi danh 14i
va hoi 1ai trong cung
mot chu ky.
X4c dinh bang mirc do
twong quan gitra dir
6 Hé s6 tuyén tinh R? liéu thtr nghiém va mé
(Linearity R%) hinh tuyén tinh cta
quan hé m6 men va gia
toc ngang.
Gia tri cwc dai caa La gia tri 1én nhit ctia
7 gia toc ngang 9] gia toc ngang thu dwoc
(Peak value of lateral trong qua trinh thi
acceleration) nghiém.
Gia tri cwc dai caa N ‘s
M6 men 14i La gia tr;l mo men lai
8 [Nm] lé6n nhat dat dwoc

(Peak value of

steering torque) trong chu ky danh lai.

tuyén mé men lai va gia

vong ro rét; giup nhén biét
dac tinh tang clrng theo luc
bén.

Thé hién ma sat va dé nhot
bén trong co ciu lai; do tré
16n Khién cdm giac 1ai tré nén
“rit” va kém muot.

0.5+2.0

DPanh gia do cham phan trng
cta than xe so véi lywc vanh
tay lai; o tré nho tao cadm
gidc dong bo va ty nhién gitra
tay lai va than xe.

0.04+0.12

Phan 4nh mrc tén hao niang
lwong va hién twong tré clia
hé thong 14i; dién tich nho
cho thiy phan h6i mwot va 6n
dinh.

<0.06

Thé hién tinh 6n dinh va do
tuyén tinh cta phan hoi lai;
gia tri cao bi€u hién phan (rng
dy doan dugrc, giup nguoi lai
diéu khién chinh xac hon.

0.9+1.0

Cho biét gi¢i han kha nang
quay vong va d6 bam duong
cda xe trong diéu kién thi
tiéu chuin.

Xac dinh gi¢i han phan hoi
lwc ma ngwoi 1ai cdm nhén;
quan trong dé ddm bao cdm
gidc chic nhung khong gay
modi khi van hanh lau.

2.0

1.0-3.5

d. Van tdc géc xoay thin xe theo géc 1ai (Yaw rate versus Steering wheel angle)

TT Tham so Pon vi Giai thich Y nghia GTLT
. - . Ideal
No Parameter Unit Description Meaning
values
Do nhay goc xoay Pwoc xac dinh bang ti 1€ ,Phan an h kh’a nang,phan
A L oTas s R .~ rng hwdng clua xe véi thao
than xe theo goc lai thay doéi trung binh chavan _, P PR
oA 0 v A .., tacnhd; gia tri cao thé hién .
1 tai tam [(Ys)/9 toc quay than xe so véi goc 1w 0.13+0.3
. R v R xe nhay, phan h6i nhanh,
(Yaw gain vs SWA vanh tay lai trong vung A a s
on-centre) uanh vi tri 14i than gid tri thap cho cam gidc1
K - & va thiéu chinh xéc.
N x La Khoang thoi gian tir khi Do dd nhanh clda phan &ng
Thoi gian tre 2. aw o, D e . N N x 1
. bat dau danh lai dén khi than xe; thoi gian tré nhé
2 (Yaw time lag vs [s] A R P <0.16
than xe dat phan ®tng 6n  tao cam giac lai linh hoat,
SWA) . . y O s
dinh twong tng. phan rng tirc thoi.
Vung chét géc xoay . C s Thé hién do chinh xac cua
n IS La pham vi goc 1ai nhé A N
than xe tai goc lai s A . héthonglai & vung trung
9 quanh vi tri trungtdm ma X ML oA
3 bang 0 [9 than xe chuwa tao ra van tgc M vang chétlén gy cam  <4.0
(Yaw deadband at : : gidc 1ong, mat do trung thuec

SWA=0) quay dang keé.

Dién tich vong lap
(Loop area)

[(79)-1

La dién tich khép kin giita
hai dwong dac tuyén van

khi git¥ lan.
Dénh gia do tré va ma sat
déng hoc trong phan hoi
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Hé s6 tuyén tinh R?

tdc quay va goc vanh tay lai
trong mét chu ky danh - hoi
14i.

Puoc tinh bang mirc do
twong quan tuyén tinh gitra

quay than xe; dién tich nho
thé hién sy mwot ma va
dong bo gitra thao tac va
phan &ng.
Cho biét mirc d6 phan héi
on dinh cda hé thong diéu

5 . o van t6c quay than xe va géc  khién hwong; R? cao phdn  0.9-1.0
(Linearity R%) vanh tay lai trong ving anh cam giac diéu khién
tuyén tinh. chinh xac va dang tin cdy.
e. Van tdc géc xoay thin xe theo mé men lai (Yaw rate versus Steering torque)
TT  Thamsé Ponvi Giai thich Y nghia GTLT
. - . Ideal
No  Parameter Unit Description Meaning
values
BQAnhay £0¢ xo0ay Puoc xac dinh bang ti 1é Bimh §a mol ll\en hé slua
than xe theo mo e s i cam giac lyc vanh tay lai
men lai tai tam thay doi trung binh cua va phan &rng hwéng cua
1 : [(%s)/(Nm)] vantdc quay than xe so A . 0.55+0.65
(Yaw gain vs PR s xe; d0 nhay cao cho thay
v&i mo men lai trong R RN
Torque on- vine trune tm phan héi tryc ti€p va
centre) & & ) chinh xac.
Tho glan tre goc . , <. . .. Phananh téc d6 truyén
xoay than xe va La khoang thoi gian gitra - o A
o g s n lwc diéu khién qua hé
mo men lai sw thay d6i cia mo6 men N i X 1a
2 [s] P thong lai; tré nhé gitp <0.2
(Yaw rate - 14i va phan &ng tuwong 2 Do i D Ten
. . s A cam giac diéu khién lién
Steering torque trng cla than xe. N Lz A
. mach va phan hoi nhanh.
time lag)
Vung chét mo La pham vi gia tri mé Ch_o th:iy ma sat nol va do
y PP A phi tuyén trong co cau lai;
men lai men ldi nh6 ma than xe R M 1s A 2 .
3 [Nm] 2, 4 o vung chét 1é6n gy cam 0.1+2.0
(Torque chwa bat ddu phan ¢ng ., 2 A .
deadband) quay giac tro, giam do nhay khi
’ diéu chinh hwéng nhd.
La dién tich khép kin ~ Phan 4nh mc d9 tré tong
Dién tich vong gitta hai dwong dac hop gitra lyc tay 1ai va
4 tré [(%s).(Nm)] tuyénmoé menlaivavan phan ng thin xe; dién -
(Loop area) téc quay than xe trong  tich nho thé hién phan hoi
mot chu ky ddnh - h6ilai.  tw nhién va déng nhit.
Puoc tinh bang mirc dd Cho biét mic dé phan hoi
Hé s6 tuyén tinh twong quan tuyén tinh  6n dinh cta hé thong diéu
5 R? - gitra van t6c quay thadn khién hwong; R? cao phdn  0.9+1.0
(Linearity R%) xe vamo men ldi trong  anh cam giac diéu khién

vung tuyén tinh. chinh xac va dang tin ciy.

Ghi chii: TT (Transition test) truong hop thir nghiém ldi chuyén tiép.

2.6. KET LUAN CHUONG

Muc tiéu chinh ctia chuong 2 di dugc hoan thanh thé hién qua cac két qua sau:

Pi dé xuat mo hinh xay dung dic tinh tro lyc 14i 1y tudng trong d6 ban do dic tinh
tro lyc 1ai duoc tao ra tir md hinh toan hoc c6 cau trac, lién két rd rang gitra dong luc
hoc xe, hé thong lai va myc tiéu cam giac 1ai phi hop quy luat tam ly vé kich thich va
cam nhan ciia con nguoi. Pé thuc hién diéu nay, mdi quan hé gitta moé men 1ai va
phan tng dong hoc cua phuong tién dugc phan tich thanh ba mdé dun chirc nang
“Phong céch 1a1” “DLH nghich xe” va “DLH nghich HTL”. Viéc phén tach riéng ré y
dinh cta ngudi 1ai voi PLH von ¢ cua phuong tién va cia hé thong 1ai, giup don
gian hoa viéc hiéu chuan cam giac 1ai va tao diéu kién thuan loi cho viéc thiét ké cac
phong cach l4i khic nhau trén cac thuong hiéu va kiéu phuong tién khac nhau ma
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khong can tac dong dén phan cimg hoic logic diéu khién.

2. Pi xdy dung cic phuong trinh PLH dé dua vao cau triic cia dic tinh tro luc 14i.
Trong d6 cac mo hinh DLH hé thdng l4i tro luc dién; DLH banh xe dan hoi; mo hinh
phan bd tai trong 1én banh xe; md hinh xac dinh mé men can quay vong, md men can
ngau nhién dugc tich hop vao mé hinh BLH chuyen dong cta 6 t6 nham mo ta chinh
xac chudi truyén luc va md men tir vanh tay 1ai dén banh xe dan huéng, ciing nhu sy
phan hdi nguogc tir mat duong vé ngudi lai.

3. Pai xdy dung cic ham truyén nghich tir gilta cac thong s6 dong hoc chuyen dong cua
xe va tac dong tu vanh tay lai. Cac ham truyen nghich ndy 1a co s& dé chuyén d6i yéu
cau chuyén dong ctia phuong tién thanh yéu ciu mé men tai vanh tay 14i.

4. DPa dua ra cong thirc xay dung bon loai dic tinh tro luc 1ai bao gff)m: bac tinh tro luc
lai tuyén tinh; dac tinh tro luc lai da tuyén tinh; dac tinh trg luc lai phi tuyén va dac
tinh tro luc 1ai hon hop.

5. Pa thiét 1ap duoc cong thuc xay dung ban d6 dic tinh tro luc 1ai Iy tudng theo quy
luat Iiiy thira cia Stevens cho hai loai ddc tinh tro Iyc 1ai 13 phi tuyén va hdn hop, mbi
loai c6 ba phong céch l4i 12 “thoai mai”, “thé thao” va “da mirc”.

6. Da trinh bay chi tiét phuong phap xac dinh toan bo cac hé sd va cac tham s trong
cong thuc xay dung dac tinh tro luc 1ai va dac tinh trg luc 1ai 1y tudng, cac tham )
nay gifr vai tro then chot ddi voi cam giac 1ai, hiéu qua diéu khién va an toan ctia hé
thong EPS, cho phép chuyén hoa yéu cau cam giac 1ai dinh tinh thanh céc dai luong
vat 1y c6 thé mo hinh hoéa, tinh toan va diéu khién.

7. Pai thiét ké bo diéu khién tich hgp PID-FOC cho co céu chap hanh EPS, trong d6 tin
hiéu diéu khién - phan hoi duge chuan hoa tao thuan loi cho hiéu chinh va chuyén
giao gifta cac cau hinh xe.

8. Cudi cung, di hé thong hoa cam giac 1ai trong mod hinh vong kin “Ngudi 1ai - Phuong
tién” va dua bd chi ti€u danh gid khach quan cho cac dac tinh cam giac 14i trén co so
cac tiéu chuan qudc té ISO va tiéu chuan Trung Qubc GB/T.

Nhu vay, Chuong 2 di hoan thanh vai trd dit nén tang 1y thuyét, mo hinh hoa va
phuong phép cho luan an, tao co so truc tiép dé trién khai mo phong, danh gia, thu
nghiém va kiém chimg dic tinh tro luc 1ai EPS va danh gia cam giac 14i trong cac chuong
tiép theo.
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CHUONG III: MO PHONG VA PANH GIA HE THONG LAI EPS

Muc tiéu cta chuong 3 1a ap dung cac co so 1y thuyét duoc xdy dung trong chuong
2 dé tién hanh mo phong, khao sat, danh gia trén mot mau xe cu thé nham kiém nghiém
phuong phap luan va tinh chinh mé hinh 1y thuyét, lam co s& cho viéc tai st dung va
nhan rong mo hinh trong nghién ciru xay dung dic tinh tro lyc 1ai 1y tuong va thiét ké bo
diéu khién cho hé théng EPS trén xe con.

3.1. XAC PINH CAC THONG SO CUA POI TUONG NGHIEN CUU
3.1.1. Giéi thi¢u ddi twong nghién ciru

T muc tiéu trén, dé dam bao dd chinh xac va tinh tin cady cua cac thong s6 vat Iy
dau vao bao gém cc tham sb két cAu, tham sd vat 1y va tham s6 hinh hoc cua ddi tuong
nghién ctru, ludn an lya chon mo hinh xe da dugc chuan héa va cong nhan rong rai trong
nghién ctru va phat trién nganh cong nghiép 6 t6, dugc tich hop trong phan mém chuyén
dung CarSim. Thu vién CarSim cung cdp nhiéu phan khiic xe khac nhau, trong dé cac mo
hinh “xe thir nghiém” dugc thiét 1ap sin cdu hinh k¥ thuat tiéu chuin; nguoi dung ¢ thé
sir dung truc tiép cac cAu hinh nay hodc diéu chinh dé phu hop véi dicu kién xe thuc té.

boi tuong nghién ctru cua luan an la hé théng lai tro luc dién C-EPS trén xe con.
Trong khuon khd nghién ctru ctia ludn an, mo hinh “xe thir nghiém” thudc phan khuc
hang E (E-class) duoc lya chon lam d6i twong mo phong. Cac thong sé ki thuat chinh
clia mau xe nay duoc trinh bay chi tiét trong Bang PL1.1, PLI.

3.1.2. Giéi thiéu hé thong lai trén xe nghién ciru

Hé thdng 14i trén xe nghién ctru 1a hé thong 1ai ¢o co cau lai truc rang - thanh ring,
dan dong lai 06 khau, tro luc lai dién loai C-EPS. Cac thong so va cai dat thong so hé
thong 141 dugc thé hién trong Phu luc 1.

3.2. XAY DUNG MO HINH MO PHONG
3.2.1. Xay dung MHMP tong thé “EPS DYNAMIC & CONTROLER”

Mo hinh m6é phong (MHMP) tong thé “EPS DYNAMIC & CONTROLER- PONG
LUC HOC VA DPIEU KHIEN EPS” dugc xay dung ciu tric mo phong vong 1ap khép kin,
két hop mo hinh diéu khién dién - co trong méi trudng Matlab/Simulink. Céu trac tong
thé dugc chia thanh 02 khéi chitc ning chinh: “CONTROLER BLOLK-KHOI BDIEU
KHIEN” va “DYNAMIC VEHICLE BLOLK-KHOI PONG LUC HQOC PHUONG
TIEN”. MHMP dugc thé hién nhu Hinh 3.1.

Khéi “CONTROLER BLOLK” gém 03 khdi con:

1) MHMP dac tinh trg luc 1ai hé théng 141 trg luc dién (EPS MAP)

2) Mo hinh b diéu khién EPS (PID-FOC CONTROLER)

3) Mo hinh BLH dong co dién (MOTOR DYNAMIC)

Khéi “DYNAMIC VEHICLE BLOLK” gém 06 khéi con:

1)  Mb hinh xé4c dinh tai trong phan bd 1én banh xe (Load distribution model);

2) M5 hinh DLH banh xe dan héi (Elastic tire model);

3) Mo hinh x4c dinh m6 men can quay vong (Road resistance torque model);

4) M0 hinh BLH chuyén dong cta 6 t6 (VEHICLE DYNAMIC)

5) Mo hinh PLH hé théng lai EPS (EPS DYNAMIC)

6) Mo hinh mé men nhiéu ngau nhién (Random disturbance torque)
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3.2.1.1. Khoi diéu khién “CONTROLER BLOLK”

Khéi “CONTROLER BLOLK” bao gff)m 03 mé hinh con: Ban db dic tinh tro luc 14i,
bd diéu khién PID-FOC va m6 hinh dong luc hoc cia dong co dién.

Tin hiéu vao: mé men lai, van toc xe va md men can quay dan hudng quy dan tix
hoic tir khdi “DYNAMIC VEHICLE BLOLK”.

Tin hiéu ra: Dong dién trén hai truc diéu khién (i,-is) va van toc quay cta dong co tir
d6 tao ra mo men tro lyc thuce té tic dong 1én truc 1ai (7y).

Ban d6 dic tinh tro luc 14i xac dinh gia tri mo men tro luc yéu cau theo dic tinh trg
lyc lai ly twong da dugc xay dung trong nghién ciru ly thuyét, sau d6 duoc diéu chinh boi
bo diéu khién dé dat dugec mdé men yéu cau thyc té. M6 hinh dong co dién chuyén ddi tin
hiéu diéu khién thanh mé men co hoc tac dung vao truc lai h¢ thong 1ai.
3.2.1.2. Khéi “DYNAMIC VEHICLE BLOLK”

Khéi ndy mé phong dong luc hoc toan xe, bao gdm: mo hinh mé men can quay dan
hudng, mé hinh dan hdi cua lép, mo hinh phan bd tai trong dong, md hinh dong luc hoc
chuyén dong cua than xe va mo hinh DLH hé thong 1ai EPS.

Tin hiéu vao: Md men 14i, md men tro luc, van toc xe va phan hdi mé men can tir
mat dudng.

Tin hiu ra: Cac dai lugng dong hoc nhu goc quay than xe, véan tdc quay than xe, gia
téc quay than xe, goc léch than xe, gia téc ngang, quy dao chuyén dong xe thir nghiém,
cung voi cac lyc thang dimg va luc ngang tac dung 18n timg banh xe, md men can mit
duong.

Céc khoi phy bén trong trao d6i thong tin lién tuc: mé hinh lop cung cap lyc ngang
va luc thang dung cho mo hinh dong hoc than xe; m6 hinh phan bb tai trong diéu chinh
cac luc ndy theo gia tdc; mo hinh mé men can tong hop toan bo anh hudng nguge vé hé
théng 14i.

3.2.2. X4y dung MHMP xic dinh tai trong phéan b6 1én banh xe

MHMP xéc dinh tai trong phan bd 1én banh xe nhu Hink PL3.1, PLIII. M hinh str
dung ham “Function” vo1 dau vao la van toc chuyén dong 6 t6 va ban kinh quay vong,
dau ra 1a tai trong thang dtrng phan bo 1én cic banh xe thay doi dudi anh hudng cua lyc
ly tam va ké dén bién dang cta h¢ thong treo khi 6 t0 quay vong, str dung cac cong thirc
tur (2.50) dén (2.68).

3.2.3. Xay dung MHMP PLH banh xe dan hoi
Mo hinh duoc xdy dung theo cic cong thuc tir (2.42) dén (2.49). Pau vao 1a tai trong

thang dtng trén banh xe, thong sé ky thuat cﬁa‘lfr)p va dau ra 13 luc ngang theo goc léch
ngang cua banh xe. MHMP DLH banh xe dan héi nhu Hinh PL3.2, PLIII.

3.2.4. Xay dung MHMP xac dinh mo men can quay vong

M6 hinh dugc xay dung theo cac cong thire tir (2.69) dén (2.77). Pau vao la thong
sO k¥ thuat banh xe, goc dit banh xe va try dimg. Pau ra la mdé men can quay vong trén
cac banh xe dan huong. MHMP x4c dinh mé men can quay vong nhu Hinh PL3.3, PLIII.

3.2.5. X4y dung MHMP dic tinh tro e 14i hé thong 14i EPS

MHMP gdac tinh tro luc 141 hé théng lai tro luc dién nhu Hinh PL3.4, PLIII. M6 hinh
st dung ham “Function” v6i dau vao 1a van toc chuyén dong 6 t6 va mo6 men lai, dau ra
mo men trg luc 1ai 1y twéng (m6é men tro luc muc ti€u) cho bon loai dac tinh khac nhau
tuyén tinh, da tuyén, phi tuyén va hon hop, st dung cac cong thirc tur (2.86) dén (2.149).
3.2.6. Xay dung MHMP PLH hé thong 14i EPS
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Mo hinh dugc x4y dung theo cac cong thirc tir (2.1) dén (2.19) gébm 03 mo hinh con
la: dong hoc tir vanh tay 1ai dén thanh ring (SRW to rack); mé hinh PLH thanh ring
(Rack) va m6 hinh PLH hinh thang 1ai sau khiu (Ackermann). Pau vao 1a mé men lai,
mo men trg lyc va mdé men can quay mat duong, dau ra 1a goc quay cac banh xe din
huéng. MHMP DLH hé thong 14i tro luc dién nhu Hinh PL3.5 dén Hinh PL3.11, PLIII.

3.2.7. Xay dung MHMP DPLH chuyén ddng ciia 6 to

M6 hinh dugc xay dung theo cac cong thue tir (2. 20) dén (2.41). Pau vao 1a thong
s6 k¥ thuat ciia 6 t6, van toc 6 to, goc quay banh xe din hudng, cac két qua tinh toan
DLH banh xe dan hoi, phan bd tai trong, mé men can quay banh xe dan huéng. Pau ra la
quy dao chuyén dong 6 6, goc xoay than xe, goc quay thin xe, gia toc ngang, van tdc
ngang.... MHMP DLH chuyén dong cua 6 t6 thé hién nhu Hink PL3.12, PLIII.

3.2.8. Xay dung MHMP mé men nhiéu ngiu nhién

MHMP BLH chuyén dong cia 6 t6 nhu Hinh PL3.13, PLIII M6 hinh dugc xay
dung theo cac cong thirc tur (2.84) dén (2 86), c6 hai lya chon nhiéu ngau nhién 13 nhiéu
tiéng 6n trang-White noise hodc nhidu ngau nhién-Random number.

3.2.9. X4y dung MHMP b diéu khién PID-FOC

MHMP bé diéu khién PID-FOC nhu Hink PL3.14, PLIII. Pau vao 12 md men muc
tiéu, dau ra la dong dién di€u khién dong co PMSM.

3.2.10. Xay dung MHMP DLH dong co PMSM

MHMP BLH dong co PMSM nhu Hinh PL3.15, PLIII. Pau vao 1a dong dién diéu
khién, dau ra 1a mo men tr¢ lyc va van toc dong co PMSM.

3.3. MO PHONG VA PANH GIA KET QUA MO HINH PLH
3.3.1. Muc tiéu, phwong phap va cac tiéu chi m6 phéng danh gia cac mé hinh PLH

3.3.1.1. Muc tiéu va phwong phap mo phong danh gia cac mé hinh PLH

Pé kiém chung tinh ding dan va do tin ciy cua cac phuong trinh dong luc hoc va
mod hinh mé phong cho cdc m6 hinh PLH dugc xay dung trong Matlab/Simulink. Luan
an st dung mo hinh xe mau tiéu chuan trong Carsim 1am co s¢ tham chiéu, tir d6 tién
hanh mé phong so sanh két qua mo phong xac dinh tai trong phan bd 1én banh xe, PLH
banh xe dan hoi, xac dinh md men can quay vong va PLH chuyén dong 6 to gilta mo
hinh ludn 4n x4y dung trong Matlab/Simulink v&é1 mo6 hinh Carsim. M6 hinh tich hop
Matlab/Simulink - Carsim dugc trinh bay trong chuwong 4.
3.3.1.2. Cac tiéu chi mo phéng danh gia cac mo hinh PLH

Cac thong s6 PLH dé danh gia mo hinh xay dung trong Matlab/Simulink dugc
kiém chimg v6i mé hinh tham chiéu Carsim thong qua céac tiéu chi: RMSE, MEAN,
MAX, MAPE VA R2,

Cin bac hai cua trung binh binh phuong sai s6 (RMSE) Root mean square error

1 o
RMSE(x) = ;\/Z:":l (xi - xi)z (31)
Sai s6 trung binh (MEAN) Mean absolute error

1 o
MEAN (x) =~ Y 1% — x] (3.2)

Sai s6 16n nhat (MAX) Maximum absolute error
MAX(x) = max(|x; — x;[) (3.3)
Sai s6 phan tram tuyét doi trung binh (MAPE) Mean absolute percentage error
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100% Xi—Xi
MAPE(x) = — |%L, "x—" (3.4)
Hé sb xac dinh mtrc do bién thién cua dit liéu (R?) Coefficient of determination
Yoy Ri—x)?
R*(x)=1-— (3.5)
Yimq (i—x)?

Trong d6: X;-diém 18y mau mo phdng trong Simulink; X; -gia tri trung binh ctia mau;
X; -gié tri thuc nghiém 4o trong Carsim.

3.3.1. M6 phong va danh gia két qua x4c dinh tai trong phan b6 1én banh xe

M6 phong duge thuc hién voi van toc ting dan tir v = 0 + 60 km/hva goc quay
vanh tay lai sang trai tur 0-120° trong vong 10s sau do gitr on dinh. K&t qua mo6 phong
(KQMP) hai dugc thé hi¢n nhu Hinh 3.2 va Bang 3.5.

Comparison of vertical forces on the front wheels 8D(.‘,Dn:[v)mparisn:m of vertical forces on the rear wheels
8000 T ' ' ' ' |

L. I RN e ———————

7 e
5 7000 ol
7000 | il . p
6000 5
6000 Fzfl_s _ B Fzrl s
Eﬁ 5000 Lo dc o =z W0 oS e - = =Fzrc
w Fzfr_s LN 4000 Fzrr_s
4000 + e 7 e e o 478
3000
3000 |
2000 y
2000 ¢ ) I T T e Bt e aniit ol il 1000 ! !
0 5 10 15 20 5 10 15 20
Time (s) Time (s)
a. Cau trudc b. Cau sau
Hinh 3.2. KQMP phan bo tdi trong
Bang 3.1. So sanh phdn bo tdi trong giita Simulink va Carsim
Tin hiéu RMS/RMSE| MEAN MAX MAPE R?
bon vi N N N % -
, , F,i—s | 3455176 | 3231,534 | 5089,114
Banh xe phfa F,—c | 3174,086 | 2945234 | 5093,007
trwdc bén trai
AFZﬂ 303,848 286,665 631,649 10,701 0,934
Foop—s 7053,509 | 6946,694 | 8198,168
Banh xe phia F
SR . 2fr — C 6972,468 | 6835,280 | 8199,277
trudc bén phai
AF ,f, 204,532 166,776 | 531,669 2,902 0,978
] ) F, —s | 2782,177 | 2469,531 | 4415,972
Banh xe phia
N F, —c 3035,213 | 2726,363 | 4744,929
sau bén trai
AF ., 285,272 256,832 636,928 10,413 0,954
) ) F,,—s 6490,164 | 6362,413 | 7673,754
Banh xe phia
A . F,,—c 6540,691 | 6447,002 | 7544,670
sau bén phai
AF,,. 214,642 178,296 563,054 3,145 0,962

Két qua trén Hinh 3.2 va Bang 3.1 cho thdy mé hinh tinh toan phan bd tai trong
banh xe xdy dung trén Simulink c6 muic d6 twong dong cao vai két qua tham chiéu tir
CarSim trong toan bd qué trinh mé phong. Khi van tdc va goc quay vo liang ting trong
khoang 0-10 s, tai trong thang dung trén cac banh xe bién thién rd rét do qua trinh
chuyén tai cta than xe; sau khoang 10 s, cac gia tri dan on dinh. Cac dudng dic tinh thu
duge tir Simulink va CarSim nhin chung bam sat nhau va thé hién cing xu hudng bién
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doi. Déi v6i banh trude phai, RMSE dat 204,532 N, MAPE dat 2,902% va R? dat 0,978;
dbi v6i banh sau phai, cac gid tri tuong Gmg 13 214,642 N, 3,145% va 0,962. Két qua nay
cho thay mé hinh Simulink moé ta tot sy gia ting tai trong trén cac banh chiu tai 1on. Doi
v6i banh trude trai va banh sau trai, MAPE lan lugt dat 10,701% va 10,413%, cao hon so
v6i hai banh con lai, trong khi R? van dat twong tng 0,934 va 0,954. Sai s6 tuong d6i 16n
hon chu yéu xuét hién trong giai doan tai trong trén cac banh nay gidm manh, do d6 mot
sai léch tuyét dbi khong 16n ciing 1am ting gid tri sai sb phan trim. Sai 1éch cuc dai cua
bon banh nam trong khoang 531,669-636,928 N va tap trung chu yéu trong giai doan qua
do tur khoang 5-11 s. Nhin chung, két qua cho thdy mo hinh Simulink c¢6 kha nang tai
hién t6t quy ludt phan bd va chuyén tai trong cua CarSim, dap tmg yéu cau sir dung trong
céc nghién ctru dong luc hoc va phat trién thuat toan diéu khién & cac ndi dung tiép theo.

3.3.2. M6 phéng va danh gia két qua PLH banh xe dan hoi

Pé kiém chimg mo6 hinh DLH banh xe dan hoi va xac dinh cac hé sd cta cong thic
thuc nghiém Pacejka, luan an su dung cac s6 liéu thir nghiém trong mo minh lép cua
Carsim sau d6 tinh toan t6i wu. Két qua moé phong duoc thé hién nhu Hinh 3.3 va Bang
3.2. Cac hé sb cua cong thirc thye nghiém Pacejka nhu Bang 3.3.

Bing 3.2. So sainh PLH bdnh xe dan héi giita Simulink va Carsim

Tiéu chi RMSE MEAN MAX MAPE R?
bonvi N N N % -
Gia tri 461,270 302,958 2698,591 6,252 0,987
Bang 3.3. Gid tri cdc hé s trong cong thirc Pacejka
Hé sé C a; a, as a, as ag a; ag
Giatri | 1,078 | -49.107 | 0,963 | 63671,591 | 107 | 43.10° | -7.107 | 2,242.10* | 0,747
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Pacejka vs Carsim —

12000

15000 ~ I Pacejka Simulink

B Carsim Points

1 10000

1 8000

6000

4000

2000

30 15000
(¥ (deg) Fz (Nj

Hinh 3.3. KOMP PLH bdnh xe dan hoi

Két qua trén Hinh 3.3 va Bang 3.3 cho thiy mé hinh banh xe dan hoi sir dung cong
thirc Pacejka trong Simulink phu hop t6t v6i dit liéu tham chiéu tir CarSim khi tai trong
thang dung bién thién tir 1961N dén 15691N. Quan h¢ gitra luc ngang va goc 1¢éch bén tai
cac muc tai déu thé hién dang dic tinh phi tuyén cua 16p, luc ngang tang nhanh khi goc
1éch bén nho, dat gia tri cyc dai tai khoang 7+10°, sau do giam dan khi lop tién vao trang
thai bao hoa. Cac duong déc tinh xac dinh theo cong thirc Pacejka nhin chung bam sat dir
liéu CarSim va mé ta dang xu hudng gia tang luc ngang theo tai trong thang ding. Sai
1éch chii yéu xut hién quanh dinh lyc ngang tai mot s6 muc tai 16n, noi mo hinh Pacejka
c6 xu huéng du bao thip hon CarSim, Tuy nhién, sai khac nay mang tinh cuc b va
khong lam thay doi quy luat bién thién téng thé. Céc chi tieu RMSE = 461,270N, MEAN
=302,958 N, MAX =2 698,591 N, MAPE = 6,252% va R? = 0,987 xac nhan muc d6 phu
hop cao gitra hai két qua. Nhu vdy, mé hinh Pacejka duoc xdy dung trong ludn an dam
béo c6 thé duoc sir dung trong nghién ctru dong luc hoc ngang va thiét ké hé thong diéu
khién 6 to.

3.3.3. M6 phong va danh gia két qua xac dinh mdé men can quay banh xe din hwéng

Mo phong thuc hién khi quay vong 6 6 tai chd voi banh xe phia trong tang dan tir 0
dén 40° sau d6 gitr 6n dinh. Két qua moé phong duoc thé hién nhu Hinh 3.4 va Bang 3.4.

Tir két qua mé phéng cho thiy:

Két qua so sanh trén Hinh 3.4 va Bang 3.4 cho thiy mé hinh tinh toAn mé men can
quay vong xay dung trén Simulink c¢6 sy pht hop tot véi két qua mo phong trén CarSim.
P6i v6i md men can tai banh xe bén phai, banh xe bén trai va tong mdé men can quay
vong, gia tri MAPE lan lugt dat 5,472%; 5,594% va 5,421%, trong khi hé s6 xac dinh R2
tuong Gng 1 0,926; 0,912 va 0,914. Két qua ndy cho thdy mé hinh Simulink mé ta t6t xu
huéng bién thién va mic d6 md men can quay vong ctia mo hinh CarSim. Sai khéc gitra
hai mé hinh chi1 yéu xuat hién trong giai doan qua do va tai cac gia tri cuc dai. Trong giai
doan ting goc quay banh xe, két qua CarSim thé hién dap Gng nhanh va phi tuyén hon,
ddng thoi xuét hién dao dong sau khi goc quay dat gia tri 6n dinh, trong khi mé hinh
Simulink cho dép tng tron hon. Pdi véi tong md men can quay vong, gia tri trung binh
ctia Simulink va CarSim lan luot 13 337,166 Nm va 329,170 Nm, chénh 1éch khoang
7,996 Nm. Nhu vay, c6 thé nhan dinh mé hinh Simulink c6 kha ning mé phong hop 1y
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dac tinh m6 men can quay vong va co6 thé st dung cho cac nghién ctru ti€p theo vé h¢
thong 1ai va qua trinh quay vong.

Steering Angles E Comparison of left resistance torque T
50 T = rl
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40 o 200
o
=
B e i e g 150
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a. Géc quay banh xe dan huéng b. M6 men can quay banh xe bén trong

5 Comparison of right resistance torque Trr Comparison of total resistance torque Tr
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c. M6 men can quay banh xe bén ngoai d. Tong mé men can quay banh xe
Hinh 3.4. KQMP so sanh mo men can quay vong
Bdng 3.4. So sanh mé men cdn quay vong gira Simulink va Carsim
TT Thong s6 | RMS/RMSE MEAN MAX MAPE R? SM/CS
Médmencan | T,r—S | 136,481 136,408 143,007 - - SM
quay vong banh | T, —c | 129,941 129,904 136,384 _ ] cs
xe bén phai AT,, 6,540 6,504 6,623 5,472 | 0,926
MO men can T,—s 200,836 200,757 211,979 - - SM
quay vongbanh | T,y —¢ 200,045 199,265 233,054 - - CS
xe bén trai AT, 0,791 1,492 21,075 5,594 | 0,912
Téngmémen | T,—s | 337,168 337,166 340,072 - - SM
cdnquayvong | T, —c 329,774 329,170 367,632 - - CS
banh xe AT, 7,394 7,996 27,560 | 5,421 | 0,914

Tir db thi két qua cho thay: T,,,,, = 340.072Nm.

- X4c dinh m6 men can 16n nhat:
Trsmax = (1/3) |For/p = (0.7/3)V9653/0.35 = 319,15 (Nm)

M6 men can quay von 1on nhat, T,.,,,4y:
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Trmax = max[Tramax' Trsmax] = 340.072 (Nm)
M6 men can 16n nhat tac dung 1én banh ring pinion, Tsgy
Tsmax = Tamax ¥ Tamax = Trmax/(issn) = 340.072/(16.41 * 0.745) = 27.8 (Nm)

Luc tac dung 1én vanh tay 1ai 1on nhét, chon P,,,,, = 30(N)
M6 men lai 16m nhét: Tyngr = PaxTsw = 30 * 0.16 = 4.8 (Nm)

M6 men trg luc 16n nhat, Tymae: Tamar = Tsmax — Tdmax = 27.8 — 4.8 = 23Nm
Mo men l4i tai thoi diém dong co tro luc duoc kich hoat, chon: Ty, = 1 (Nm)
3.3.4. M6 phéng va danh gia két qua PLH h¢ thong lai EPS

3.3.4.1. Cum truc lai, ddng co tro lwc dén thanh ring

Pé quan sat va danh gia phan Gng cua hé thong 1ai, nghién ciru xem xét dai tan danh
1ai thuc té ctia nguoi lai. Trong diéu kién van hanh thong thudng, nguoi 1ai thuong thuc
hién danh 1ai trong khoang f = [0.2 + 2.0]Hz va rat kho vuot qua 5.0Hz [181]. Tuy
nhién, tin sé danh lai xuat hién pho bién nhat nam trong khoang [0.2 + 1.0]Hz. Do do,
luan an khao sat ba kich ban danh lai véi mé men lai dau vao co dang hinh sin.

Kich ban 1 va Kich ban 2 c6 cung tan s6 danh 1ai thap 0.2Hz, nhung khac nhau vé
gia tri mé men lai cuc dai max(T,).

Kich ban 3 c6 tan sb danh lai cao 1.0Hz, nhung st dung cung gia tri max(T ;) nhu
Kich ban 1.

Déi v6i Kich ban 1 va Kich ban 3, chon max(T,;) = 3.2Nm, tuong Gng giai doan
mo men tro lyc ta chwa ting nhiéu (trg lyc con nho).

Péi véi Kich ban 2, chon max(Ty) = 6.0Nm, gia tri nay lon dé dam bao mod men
trg lyc dat mie 16n nhat & moi ché do téc do, dong th01 van nam trong gidi han ma ngudi
1ai c6 thé thao tac ma khong gay kho khan.

MJi kich ban dugc mé phong voi bon ché do van tdc (6 to quay vong tai chd, van
téc thap, van toc cao va van tdc rat cao) tuong tng v = [0;10; 100; 150] km/h. Qua
trinh mo6 phong dugc thuc hién trong hai chu ky hoan chinh cta tin hi€u dénh 1ai hinh sin
dé dam bao danh gia 6n dinh.

Pé thuén tién cho viéc danh gia két qua moé phong, luan an sir dung hai dai lugng 1a
dai lugng binh phuong trung binh va dai luong 16n nhét cua tri tuyét ddi cua cac dai
luwgng mod phong, cac dai lugng nay dugce tinh trong mot chu ky thao tac lai; cac gia tri
goc quay, dich chuyén, véan tdc, gia téc goc quay va dich chuyén duoc goi chung 1a cac
“Gia tr1 dong hoc-Kinetic value”

RMS(x) == |57 x? (3.6)

max|x| = max|x;| (i=1+n) (3.7)

Trong do: x;- l1a dai lugng do dugc theo thoi gian mo phong trong mét chu ky thao
tac lai; n- s6 lugng diém ldy mau trong thoi gian mo phong.

Ghi chii: Céc hinh trich dwoc trich tai diém ma hinh khung trich cham vao diém
trich trén do thi chinh.

a. Kich ban 1Ty = 3.2sin(=-t)Nm; (f = 0.2 Hz)
KQMP DLH cum truc lai va dong co dién dugc thé hién nhu Hinh 3.5, Hinh 3.6 va

Bing 3.5. KOMP day du tai van toc v = [0;10; 100; 150] km/h xem Hinh PL4.1, PLIV.
Nhdn xét kich ban 1. Tt Hinh 3.5, Hinh 3.6 va Bang 3.5, cho thay:
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c. KOMP DLH truc rang
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d. KOMP DLH thanh rang
Hinh 3.6. So sdanh sw sai khdc giita cac chu ky, f = 0.2Hz
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Bing 3.5. KB 1: Tong hop cdc gid tri dpng hoc

v(km/h) RMS(x) (i=1+4) max|x|
Giatrj vv=0 v,=10 v3=100 v, =150 v; =0 v, =10 wv3 =100 v, =150
T, (Nm) 2.26 2.26 2.26 2.26 3.20 3.20 3.20 3.20

@4 (Deg) 658.42 29320 176.67 16444 1,14693 54392  304.32 278.82
¢m (Deg) 474993 2,111.22 1,269.13 1,180.73 8,274.18 3,917.80 2,187.41 2,003.24
@,(Deg) 657.33 292.17 175.64 16341 1,145.04 542.19 302.73 277.24

y, (mm) 87.18 3875 2330  21.67 15187 7191 4015  36.77
@q(Rad/s) 1880  8.41 434 3.93 36.76 15.46 7.27 6.41
¢onm(Rad/s) 135.63 60.65 3125 2825 26413 11154 5247  46.23
¢,(Rad/s) 1877  8.39 4.32 3.91 36.55 15.44 7.26 6.40
y.(Rad/s) 1426 638 3.29 2.97 27.78 11.73 5.52 4.86

#q(Rad/s?) 6740 2673 1153 996 18732 6527 2894  25.07
@n(Rad/s?) 48256 192.81 8312 7174 12945 4705 2085  180.6
p,(Rad/s?) 6679 2668  11.50 993 25484 8830 3046 2557

,.(m/s?) 50.75  20.28 8.74 7.55 13599 4948 2193  18.99

- Quy luat bién thién goc 14i, goc quay truc dong co dién, goc quay banh ring co cau
1ai (pinion) va dich chuyén ciia thanh rang (rack) phu hop véi quy luét tac dong cua mé
men lai va mdé men tro luc & tat ca cac ché do van téc, dicu nay minh chimg cho tinh
dung dan ctia m6 hinh toan hoc va mé hinh moé phong PLH hé thong l4i.

- Cac “Gia tri dong hoc” cta vanh tay 1ai va banh ring co cau 1ai khong hoan toan
triung nhau, diéu nay 1a do su bién dang cia truc 13i va banh ring co cau lai, tuy nhién cac
gia tri nay bam rat sat nhau Op = Qg P3= Pq; Pp = g , sy sai khac la rat it
ARMS, (¢) = |RMS,(¢4) — RMS, (¢,)| = [1.09; 1.03;1.03; 1.03](°) ;
%ARMS, () = [ 0.17%; 0.35%; 0.58%; 0.62%](°) va Amax, (¢) = |max|eq| —

max| <pp| ) ; %Amax, (@) =

[0.16%; 0.32%; 0.52%; 0.57%], do do van dam bao duoc tinh chinh xac cua yéu cau
diéu khién goc quay cua banh xe dan hudng theo goc 1ai.

- Ttr Hinh 3.6 cho théy, cac “Gia tri dong hoc” gitta cac chu ky danh 1ai co6 su sai
khac, diéu nay 1a do c6 can nhét va ma sat kho trong hé thong 14i, tuy nhién khi tan s6
danh 1ai nho (danh 1ai cham) thi su sai khic nay khong dang ké.

-C6 d6 tré gitra m6 men 141 va cac “Gia tri dong hoc”: dudi tac dung ctia can nhét va
ma sat kho trong hé théng 14i, chu ky dong hoc (5.485s) 16n hon chu ky tac dung ciia mo
men lai (5s) 1a Aty = 0.485s (%A1, = 9.7%) nhu Hinh 3.5.b, nghia la c6 sy cham tac
dung (d6 tré phan tng) cua hé thong khi nguoi 13i tac dung moé men 1.

- Chu ky dong hoc cua hé théng 14i 1a nhu nhau & moi tée d6 xe, do d6 téc do khong
anh huong dén thoi gian phan tng cua hé thong.

- Cung mot gia tri cia md men lai Ty, thi céc “Gié tri dong hoc” giam dan khi van
tdc 6 to tang dan, diéu nay la do mé men tro luc giam dan theo van tdc 6 to.

b. Kich ban 2: Ty = 6sin(= )Nm; (f = 0.2 Hz)

KQMP PLH cum truc lai va dong co dién duoc thé hién nhu Hinh 3.7 va Bang 3.6.
KQMP day du tai van toc v = [0; 10; 100; 150] km/h xem Hinh PL4.2, PLIV.

83



i : = Displacement Displacement
= ; _F_)_E?Iacement . Displacement . E 1000 — 51000 F ——
1000 /7 g [—wlDeg !
S/AN o L=
g o\ / @ 0] 0l
e L | |
& -1000' ! - [ -1000 - * - -1000 - - .
0 5 10 15 5 0 5 0 5 10 5 0
@ Veloci v Velocity Velocity
E 50 ty E 50 [ putad/]) 50— ;
! ‘ \ ~ < | = ittt [ |
3 o/ B gl ob—
& ‘ X - e | |
6 _50 o L - E _50 L L " ..50 = .
= 0 5 10 15 -5 0 5 > o 5 10 5 0
o o ™
g . Acceleration @ Acceleration Acceleration
& 200 & 200 [ FulFad/+7]] 200 | [~
o, | o | =g o
= : o 2 . - —
o = 0] 0
] | I | | 1] | |
L oot Il I] - : S . < 200 200|
g D 5 10 15 .5 O 5 Q - D.. - é. R = 10 - .___5...... 6
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a. Dong luc hoc EPS b. Su sai khac giira cdc chu ky vanh tay ldi, f=0.2 Hz

Hinh 3.7. KOMP DLH EPST,; = GSin(Z?nt)Nm; (f =0.2Hz;, v=100km/h)
Bing 3.6. KB 2: Téng hop cdc gid tri dpng hoc

(km/h) RMS(x) (i=1+4) max|x|
Gla,tl"l v = 0 Uy = 10 V3 = 100 Vy = 150 v = 0 Uy = 10 V3 = 100 Vy = 150
T, (Nm) 4.24 4.24 4.24 4.24 6.00 6.00 6.00 6.00

9s(Deg) 1,00582 939.80 75622 68658 1,319.04 1,286.02 1,059.91 963.78
om (Deg)  7,253.55 6,776.45 5450.04 4,946.85 9,513.23 9,274.96 7,640.90 6,946.08
@,(Deg)  1,003.80 937.78 75423 684.59 131651 1,283.54 1,057.41 96126
y,(mm)  133.14 12438 100.03 90.80 17461 17024 14025 127.49
@4(Rad/s) 2229 2149 1738 1569  48.08 4394 3458  31.02
pn(Rad/s) 160.63 15486 12523 113.02 343.20 31510 24860 223.09
¢,(Rad/s) 2223 2143 1733 1564 4750  43.60 3440  30.87
y.(Rad/s) 1689 1629 1317  11.89  36.09  33.14 2614  23.46
@4(Rad/s?®) 9396  83.80  63.20 5572  441.82 34216 23893 209.01

$(Rad/s*) 653.18 590.75  447.50 394.71 2,980.93 2,375.48 1,674.72 1,465.35
('pp(Rad/sz) 90.41 81.76 61.94 54.63 412.43 328.60 231.68 202.72
y,.(m/s?) 68.71 62.14 47.07 41.52 315.41 250.69 176.58 154.49

Nhan xét kich ban 2

Tir Hinh 3.7 va Bang 3.6, cho thiy:

- Kich ban 2, khi tang gia tri bién do danh 1ai max(T,) ting dén 6Nm trong khi tan
s6 danh 1ai gitr ¢b dinh ¢ 0.2Hz, cac “Gia tri dong hoc” cia hé thong ting twong tng.
Tuy nhién, quy luat bién thién khong thay d6i so v6i Kich ban 1, qua d6 xac nhan tinh
ding ddn va do tin cdy ctia mo hinh dong luc hoc EPS, m6 hinh BPLH dong co dién va
mo hinh mé phong téng thé.

- Khi tang max(T) , sai léch gitta goc 1ai ¢, va goc quay truc rang ¢, cling tang
nhe, thé hién qua: ARMS, (¢) = |RMS, (¢q4) — RMS, (¢,)| =
[ 2.02; 2.02; 2.00; 1.99](°) ; Amax, (¢) = |max|<pd| —max|<pp|| =
[ 2.53; 2.48; 2.50; 2.52] (°). Nguyén nhan do cac phan tir hé thong lai chiu taii md men
16n hon din dén bién dang trong hé thdng 16n hon. Tuy nhién, xét trong mot chu ky danh
lai, cac sai l1éch nay rat nho va co kiém soat, do d6 khong anh huong dén do tin cady va an
toan diéu khién.
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- Do léch giita cac chu ky dong hoc ciia hé thong khong thay doi so véi Kich ban 1,
cho théy bién d0 mo6 men lai khong tac dong dén dic tinh tré dong hoc cua hé théng lai.

- D6 tré thoi gian gitra chu ky tac dong mo men 14i va chu ky dong hoc cta hé thong
khong thay doi so v6i kich ban 1 khi tang max(T,). Cu thé, Atz ~ At =~ 0.485s nhu
Hinh 3.9, do vay bién d6 mo men lai khong anh huong dén d6 tré dong luc hoc gitra mo
men dau vao va dap tng dong hoc cua hé thong.

- Céc nhan xét khac tuong tu nhu kich ban 1.
¢. Kich bdan 3: Ty = 3.2sin(2nt)Nm, (f = 2Hz)

KQMP DLH cum truc lai va dong co dién duogc thé hién nhu Hinh 3.8 va Bang 3.7.
KOMP tai day dii tai vin téc v = [0;10;100; 150] km/h xem Hinh PL4.3, PLIV.

Nhan xét kich ban 3

Tir Hinh 3.8, Hinh 3.9 va Bang 3.7, cho thay:

Khi gia tri cuc dai ciia mo men lai dugc gitt khong d6i max(T,;) = 3.2Nm va tan s6
danh 14i ting tir f = 0.2Hz dén 1Hz, cac “Gia tri dong hoc” ciia hé thong thay doi rd rét

nhu so sadnh trong Bang 3.8.
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Hinh 3.9. Thoi gian tré
Bdng 3.7. KB 3: Tong hop cdc gid tri dong hoc

(km/h) RMS(x) (i=1+4) max|x|
Giatrj v=0 wv,=10 v3=100 v, =150 v =0 v, =10 wv3 =100 vy, =150
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T, (Nm) 2.26 2.26 2.26 2.26 3.20 3.20 3.20 3.20
@s(Deg)  299.75 13343 8274 7735 4898 2167 1345 1258
om (Deg) 21602 960.6 5950 5561  3,526.0 1,558.6 9669  904.4
@,(Deg) 29895 13293 8234 7696 4880 2157 1338 1252
y.(mm) 3965 17.63 1092 1021 6472 2861  17.75  16.60

@4(Rad/s) 29.69  13.16 7.86 7.31 5527 2691  15.18  13.94
o, (Rad/s) 21349 9465 5663 5263 39355 19247 10898  100.10
¢p,(Rad/s) 2955  13.10 7.84 7.28 5446 2664  15.08  13.85
y.(Rad/s) 2245 995 5.96 5.54 4139 2025 1146  10.53

»q(Rad/s*) 265.84 113.85 59.36 53.80 598.16  199.40 98.16 87.50
pm(Rad/s?) 1,822.71 80846 42346 384.12 3,849.1 1,405.2 693.2 618.2
q'bp(Rad/sz) 252.34 11192 58.61 53.17 530.78  194.55 95.96 85.58

y,(m/s?) 191.75  85.05 44,54 40.40 403.59 147.85 72. 93 65.04

Cu the bién d6 goc lai, dong co va hanh trinh thanh rang giam khi tan s ting, trong
khi van tdc va gia toc ting ty 1¢ thuén voi su gia tang tan s0 danh lai. Pong thoi, mirc do
sai khac cang 16n khi van tc xe cang cao, cho thdy tan s danh lai c6 anh huéng manh
dén dong luc hoc cua hé théng lai.

Khi tin s6 danh 1ai ting, d6 tré thoi gian trong mot chu ky danh 14i cia hé thong ting
1én dang ké. Cu thé, chu ky dong hoc & tan sé f = 1Hz (1.265s) 16n hon chu ky tac dong
md men lai (1.0s) , véi @0 tré At = 0.265 (%A1, ~ 26.0%) nhu Hinh 3.9.

- Cac két qua khac twong ty nhu kich ban 1 va 2.

Bing 3.8. So sdnh cdc gid tri dong hoc 6 cdc tin sé khdc nhau

v(km/h) RMS(x) (i=1+4) max|x|
Gia tri v=0 v=10 v=60v=100v=200 v=0 v=10 v=60 v=100v =200

T =7*=T7% 278 278 278 278 278 278 278 278 278 278
0505 224 1.03 081 077 072 431 181 134 124 113
CL /G2 1613 743 583 550 515 3109 13.00 9.59 889 8.12
o5t/ p5? 223 103 081 076 071 430 180 133 123 112
y&l/yt? 030 0.14 011 010 0.09 057 024 018 016 0.15
@5t/ 95 0.07 0.03 0.2 002 0.02 013 005 0.03 003 0.02
Cl1pl? 050 019 013 012 011 097 033 021 018 0.16
P51/ ps* 0.07 0.03 002 002 002 013 005 003 0.03 0.02
yet/yL2 0.05 0.02 001 0.01 0.01 010 003 002 0.02 0.02
P5t/pS? 0.24 0.07 0.04 004 003 059 019 011 0.09 0.08
Clypt2 1.74 053 031 027 022 428 135 0.80 068 056
P5L /P52 0.24 0.07 0.04 004 003 089 019 011 0.09 0.08
yet L2 0.18 006 003 0.03 0.02 045 014 0.08 0.07 0.06
0§t/ S3 424 196 154 145 136 818 343 253 235 215
Cl /3 30.58 14.08 11.04 1043 9.76 5894 24.63 18.18 16.86 15.39
o5t/ 053 423 195 153 144 135 816 341 252 233 213
yCl/y<3 056 026 020 019 0.18 1.08 045 033 031 0.8
@5t/ 953 0.13 005 0.03 003 003 025 009 0.05 005 0.04
@41/ pl3 095 036 025 023 021 183 062 039 034 0.29
P5L /53 013 0.05 003 0.03 003 025 009 005 0.05 0.04
yel /<3 0.10 0.04 003 0.02 0.02 019 006 004 0.04 0.03
P5t/pS3 046 014 008 007 006 113 035 021 0.18 0.15
Clypls 330 1.00 059 050 042 812 255 151 129 1.06
P5L/p53 046 014 008 007 006 169 037 021 018 0.15
yet /i3 035 0.11 006 0.05 0.04 085 027 016 014 0.11
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Nhin xét chung: Két qua cho thiy dpng lwc hoc EPS phit hop véi quy ludt vit Iy
dd dwoc cong nhin. Diéu nay chirng minh tinh ding din ciia mé hinh todn hoc di xdy
dwng. Tu phan tich trén cling chi ra:

(1) Anh huong ctia @6 dan hoi vat liéu: Do tinh dan hoi ciia cac khau trong hé thong
1ai din dén su sai khac giita goc quay thuc té ctia banh xe dan huéng va géc quay tinh
theo dong hoc tir vanh tay 1ai (6 = @4/i;). V6i EPS, trong thudt toan thiét ké bo diéu
khién ching ta hoan toan co thé tinh toan dé bu cho su sai khac do tinh dan hdi cua vat
lidu. Do vay, khi thiét ké bo tro luc can xem xét dén sy anh hudng cua yéu to nay.

(2) Anh huong cua lyc can nhét va ma sat kho: Do sy tdn tai cta can nhét va anh
huong ciia ma sat kho trong hé théng 14i, dan dén tiéu hao cong suat 1ai va lam ting do tré
phan ng ctia hé thong 1ai. Pé khac phuc hién tugng nay cé thé sir dung hai giai phap:
Mot 13, néu nhu diéu khién sir dung tin hiéu dau vao 1a mo men lai, can thiét ké bo diéu
khién c6 bu thoi gian tré (bt can nhdt va bu ma sat). Hai 13, can thiét ké bo diéu khién voi
tin hiéu du vao 1a goc 1ai thay cho mé men lai.

(3) Anh hudng cta tan sb 1ai: Tan sé danh 1ai anh huong rat 16n dén do tré cua hé
thong, tan sd cang 16n, do tré cang 16n, do vy, day cling 13 van dé rat quan trong can
duoc xem xét khi thiét ké bo dicu khién dé dam bao c6 cam giac 14i tét.

Ba phat hién trén ciing la nhing véan dé trong dinh hudng nghién ctru tiép theo cua
luan an can tlep tuc 1am rd va dua ra cac giai phap khac phuc, nham nang cao cam giac
14i cho hé théng 14i EPS va dam bao tinh ning an toan ctia hé théng l4i nay.

3.3.4.2. Cum hinh thang lai Ackermann
Xem muc 4.1.2, PLIV.

3.3.5. M6 phong va danh gia két qua PLH chuyén dong 6 to

Cac thong sd dong luc hoc chuyén dong 6 t6 nhu gia tdc ngang, gbc xoay than xe,
gia toc xoay than xe goc léch than xe dugc phan anh qua phan tng dong hoc cua xe khi
tac dung mo men lai va goc 1ai. Cac thong sb6 nay dugc thé hién trong md phong phan
tich dac tinh tr¢ lyc 1ai do d6 trong khuon kho luan an khong thyc hién phan tich doc lap.

3.4. MO PHONG VA PANH GIA KET QUA PAC TINH TRQ LUC LAI EPS
3.4.1. M6 phéng va danh gia cac loai dic tinh trg lwe 1lai EPS

Muc tiéu muc nay la danh gia bon loai duong dac tinh tro luc 1ai cia hé théng lai trg
luc dién (EPS MAP), bao gém dic tinh tuyén tinh don (Linear type), dic tinh da tuyén
tinh (Multilinear type), dic tinh phi tuyén (Nonlinear type) va dic tinh hdn hop tuyén tinh
- phi tuyén (Mix linear and nonlinear type), nham phan tich mot cach hé thong mirc do
dap tmg cua timg dang dic tinh d6i voi cac tiéu chi danh gia hiéu ning tro lyc 14i da duoc
thiét 1ap. Cac duong dic tinh duoc xdy dung v6i ciing md men trg lyc cuc dai nham dam
bao diéu kién so sanh tuong duwong, qua d6 lam rd anh hudng cua hinh dang va quy luat
phan bd tro lyc dén hanh vi cua hé théng EPS.

Thong qua mo phong dong luc hoc xe két hop mo hinh EPS, nghién ctru tép trung
danh gia phan tng cua ting ban d6 dic tinh tro luc 13i trong cac dai trang thai van hanh
khac nhau, bao gom vung mé men lai nho, cac thao tac quay vong ¢ van toc thap, dicu
kién van hanh 6n dinh ¢ vén tdc trung binh va céac tinh hudng yéu cau d6 6n dinh cao ¢
van toc 1én. Viéc phan tich duoc thuc hi¢én trén co s& céac chi ti€u dinh lugng lién quan
dén nd luc 14i, tién trinh luc 14i, dic tinh mdé men tam thoi, kha nang tra lai va mac do
phan hoi tir mat duong, qua d6 phan anh toan dién chét lugng cam giac 14i va kha ning
diéu khién cia hé thong.
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Két qua md phong cho phép so sanh tryc tiép uu nhugc diém cua ting dang dic tinh
tro luc lai trong cung diéu kién van hanh, 1am rd mtc do phu hop cua cac dac tinh tuyén
tinh, phi tuyén va hdn hop déi v6i muyc tiéu can bang giira cam giac 14i, do on dinh va kha
nang diéu khién. Tt do, nghién ctiru hudng téi viéc lua chon duong dac tinh trg luc lai tbi
uu, dong thoi cung cap co s khoa hoc cho qua trinh thiét ké, hiéu chinh va phat trién
chién lugc diéu khién EPS cho xe con trong cic nghién ctru va tmg dung tiép theo.
3.4.1.1. Xac dinh céc hé s6 K(v;), Ky va b, ¢, k, n trong cong thirc Stevens
a. Xdc dinh hé s6 K(v;)

Pé xac dinh hé s6 K(v)luin an tién hanh mé phong trong Carsim xac dinh duoc
K(v;) tai cac van toc v; = [0;10; 20; 30;...120]km/h. Tir s6 liéu mé phong thu duoc
K(v;) nhu Bang 3.9.

Bing 3.9. Bing sé liéu xdc dinh K(v;)

v; 0 10 20 30 40 50 60
Ty 27,80 14,77 14,44 14,12 13,80 13,48 13,15
Ty 4,80 3,00 3,00 3,00 3,00 3,00 3,00
K(v;) 6,0527 5,885 5,720 5,560 5,400 5,240 5,075
v; 70 80 90 100 110 120 70
Ty 12,82 12,48 12,13 11,76 11,38 10,98 12,82
T, 3,00 3,00 3,00 3,00 3,00 3,00 3,00
K(v;) 4,910 4,740 4,565 4,380 4,190 3,990 4,910

Tiép theo tién hanh tinh toan tdi vu thu duoc ey = 6.0527; e; = 0,607; e, = 0,0003;
e; = 0,00001. Do thi twong quan ham hé so K(v) va cac diém roi rac nhu Hinh 3.10, véi
RMSE = 0.0007946338 va R? = 0.9999984315.

K(V)
B I @ Carsimpoint ]
Palynomial
55
=
N 5
4.5¢
4 ! ! ! ! i
0 20 40 60 80 100 120

Vehicle speed (km/h)
Hinh 3.10. Po thi twong quan ham hé s6 K(v) va cdc diém roi rac
Vay, K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3
b. Xdc dinh hé so Ky

KQMP dic tinh tuyén tinh don/Linear type duoc thé hién nhu Hinh 3.12.
K. = Mans _ 19386163340,1707 _ . g
T — - - )]

isL 16,41.3,05
¢. Xdc dinh cac b, ¢, k,n trong cong thirc Stevens

Dé xac dinh hé sé b, ¢, k, n ludn 4n tién hanh mo phong trong Carsim thu dugc cac
dir licu (v;,T 4;,a,,;) tai cac van tbc v; = [0; 10; 20; 50;100; 150]km/h nhu Bang 3.50.

Bing 3.10. Bing sé li¢u xdc dinh b, c,k,n

v;(km/h) 10 20 50 100 150 200
T 4;(Nm) 0,5 1,0 1,5 2,0 2,5 3,0
ay,-(g) 0,0021548 | 0,038647 0,17004 0,47349 1,1019 2,2344
Tiép theo tién hanh tinh toan i wu thu [ b,ckn]=
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[0.2675, 2.7646, 0.4442, 4.5357]. D6 thi twong quan ham (T 4;,a,,;) va cac diém roi rac
nhu Hinh 3.11, véi gid tri ham muyc tiéu / = 0.000000016584; RMSE = 0.000053 va

R? = 0.9999999956.
J =0.000000016584; RMSE = 0.000053, R” = 1.0

28 : T T
N; —&@— Carsim point
"‘E" 2| —3— M®5 hinh téi wu i
m}ﬁ
o 1 =
c
3
c Tr ]
8
- 05 LL -
@
U]
O— '
0.5 1 1.5 2 25 3

Md men T q (Nm)
Hinh 3.11. Dé thj twong quan ham (T y,a,;) va céc diém roi rac
Ghi chu: K(w;), Ky va b,c,k,n la tham chiéu cho xe méu Carsim, can hi¢u
chinh tiv thwe nghiém khi dp dung cho xe méu vit Iy thuc té.
3.4.1.2. Pic tinh tuyén tinh don/Linear type
KQMP dic tinh tuyén tinh don/Linear type duoc thé hién nhu Hinh 3.12.

Curve: Tﬂ-T:| (vi [km/h]) __ Curve: Ta'Td (vi [km/h])
o oo 2af—v=o || [
20 2 v=10 /-
v=250 -
22 Tl—v=100 X ao2202 | X 482262
10 | v=150 Y 20,0160 |\ 222083
E E 20 [——v=200 I’
Z 0 . Z X 4.82282
© X 1.003 o 18 | Y 17.4727
- Y 0.01083 — .
X 482284
P 16 f / Y 15.3686
20 il T
.30 | | I i I i , [x'fl /
-6 -4 -2 0 2 Bl 6 -2 0 2 4 6 8
T, [Nm] Ty [INm]
1. Dac tinh T,-T, 2. Gia tri dac tinh T,-T,
Characteristic curve: T,-T ( x 4.00208 1) Characteristic curve: ay-Td (v; [km/h])
. Y 2T BA31 |
30 =3 | = 10 =
v=10 v=10
20 v =50 v=50
v =100 5 v=100
10 |~ v=150 v=150
E v =200 v =200
£
N
'—

T, INm] T, [Nm]
3. Bac tinh Ty-T, 4. Dac tinh a,-Ty
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Characteristic curve: @y

Tylvilkrn /h])

v=0
107 v=10
v =250
v =100
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= ———v =200
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T, [Nm]
5. Dac tinh o Ty

Characteristiceurve : a, — wq(v[km/h])
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7. Bdc tinh a,- @4
Characteristic curve Ta-Tlme (vi [km/h])
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9. Dac tinh T,-time dau vao sin

a. Phén tich két qud

Characteristiccurve : gy
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6. Pac tinh @i Ty

Characteristic curve: ay-TE (Vi [km/h])
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8. Dac tinh a,- Ty

Characteristic curve TE-TIme (vi [km/h])

Ty [Nm]
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Time [s]

10. Bdc tinh Ty-time dau vao sin

Hinh 3.12. Truwong hop 1: Dic tinh tuyén tinh

Két qua md phong trinh bay nhu Hinh 3.12 cho thiy toan bo cac yéu cau thiét ké d6i
v6i Truong hop 1 “ddc tinh tro le 14i tuyén tinh” d3 duoc dap tmg day du. Cu thé:

(1) Phan tich cac Hinh 3.12.1 dén Hinh 3.12.4 cho théy:

- Khi toc do xe tang, do dbc cua duong dac tinh tro Iuc 1ai giam dan, phan anh viéc
giam murc tro luc theo toc do, phit hop véi yéu cau dam bao 6n dinh hudng & van toc cao.

- Trong vung mé men lai nho |T;| < 1Nm, m6 men trg luc T, = 0, tirc mo to trg




luc chua kich hoat, qua d6 duy tri cam giac 14i truc tiép quanh vi tri trung tam.

- Khi T ymax > |T4l = 1Nm, md men tro luc T, ting tuyén tinh theo mod men 1ai T,
dam bao mdi quan hé khuéch dai luc 14i 5 rang, lién tuc va dé dy doan.

- Véi cac muc toc do v = [0, 10, 50,100, 150, 200] km/h, khi |Ty4| = T%,0 =
48Nm , md men tr¢ lyc dat gia tri bao hoa T, = Tunax = KW)T jpmax
[23.00,22.37,20.02,17.47,15.37,13.70] . Sau diém nay, (T,) duoc gidi han khong
tang thém mic du (T) tiép tuc ting, nham ngan ngira hién tuong tro luc qua muic va dam
bao an toan diéu khién.

(2) Cac Hinh 3.12.1 dén Hinh 3.12.4 cho thiy rang khi nguoi 1ai ting dan mé men
14i (T,), md men tro luc (T,) va md men tong tai truc ring (Ty) ting tuong Gng. Sy gia
ting nay truc tiép 1am ting gia toc ngang cua xe, qua do cai thién dap tng quay vong.
Dicu nay chimg minh moi lién hé chit ch& va nhat quan giita tin hiéu vao ctia ngudi 1ai,
hé théng tro luc va dong hoc chuyén dong ngang cua xe.

(3) Cac Hinh 3.12.4 va Hinh 3.12.5 mé ta méi quan hé ‘gita m6 men lai - gia tbe
ngang (a, — Ty) va md men lai - goc 1ai (¢ — Ty) tai cac tdc d6 khac nhau. Véi cung
mot gia tri moé men lai, ca gia tbc ngang va goc 1ai déu giam khi téc do ting. Piéu nay
cho thiy tai van tdc cao, dé dat cing mirc phan tmg dong hoc ngang, ngudi lai phai tac
dung mé men 1i 16n hon. Hé qua truc tiép 1a cam giac 14i tr& nén nang va chic hon & tdc
do cao, phu hop voi muc ti€u tang cudng do 6n dinh va an toan van hanh.

(4) Phan tich cac Hinh 3.12.6 va Hinh 3.12.7 cho thay mbi quan hé giita goc 1ai - mo
men tong (@, — Tx) va giita géc 1ai - gia téc ngang (a, — @q). Tai mot tdc do khong doi,
dac tinh (pq—Tyx) cola tuyen tinh, ddm bao tinh dong nhét ctua cam giac lai. Tuy nhién,
khi toc do xe tang, do dbc cua duong dic tinh ndy giam dang ké, chung to yéu ciu md
men l4i 16n hon dé dat cung mot goc lai. biéu nay tao ra phan hoi luc 14i rd rét va chéc
chan hon ¢ van tdc cao, gbp phan nang cao 6n dinh hudng. Nguoc lai, duong dic tinh
(a, — @q) tré nén dbc hon khi téc do ting, cho thiy gia tbc ngang nhay hon véi goc 1ai.
Vi vay, viéc tang luc can danh 1ai ¢ téc do cao 1a can thiét dé han ché goc lai qua lon, tu
d6 cai thién kha ning kiém soat xe trong céc tinh huéng chuyén dong van toc cao.

(5) Két qua nhu Hinh 3.12.8 cho thdy mdi quan hé giita mo men téng tai truc ring
va gia tbc ngang (a,—Ty)la tuyén tinh va khong phu thudc vao téc do xe. Pic tinh nay

dam bao tinh nhat quan ciia cam giac l4i trong toan bd dai van toc, dong thoi phan anh sy
phéi hop hop 1y gitta hé thong tro lyc va dong hoc ngang cuia xe.

(6) Cac Hinh 3.12.9 va Hinh 3.12.10 trinh bay dap (mg cia m6 men tro luc va tong
mo men trong diéu kién ‘tac dong tin hiéu danh lai dang hinh sin. Két qua thu dugc cho
thdy hé thong phan tmg on dinh, lién tuc va khong Xuat hién cac hién tuong phi tuyen bat
loi, qua d6 khang dinh rang cac nguyén Iy thiét ké di dé xuat duoc trién khai dang ddn va
hiéu qua.

Ghi chu:

1. Trén dgc tinh (a, —Ty) ta cd thé thdy van c¢6 gia toc ngang khi vin toc bang 0, tuy
nhién gia tri nay la phép chuyén déi trung gian d@é xdc dinh moi quan hé giita cac dai hrong
(a,—@qa—Tq—Tg) nham tra ciru gia tri tro lyc trong ldp trinh ban do dac tinh tro luc 1di cdi
vdo b diéu khién cia ECU. Pdy khéng phdi la gid tri gia toc ngang thuc té dat dwoc khi danh
ldi tai cho.

2. Gid tri ¢6 d¢ I6n trong khodng a,, = (0 +~ 10)Ym/s* dé tao dit liéu toan cuc cho ban do
ddc tinh tro lyc lai trong lap trinh, khong dong nghia véi thao tac lai thuc té ciia nguoi ldi co thé
dat dwoe gid tri gia toc trén. Thuc té thao tdc ldi cua nguoi ldi o van toc thap sé dat dwoc goc ldi
twong ing voi tinh toan trong ban d6, con ¢ vin toc cao thao tic ldi la rdt nho, mé men thuc té
tac dung lén vanh tay lai ciing rat nhé vi vay vung hoat dong thuc té ciia ban do dac tinh tro luc
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ldi nam & khu viee (a, — Ty) nho. Mat khdc thao tdc ldi la thao tdc chu dong cua nguoi ldi trén
co' O cam nhdn sic can lai twong ung, do vdy o vdn toc cao trong diéu kién van hanh binh
thwong gan nhw khéng cé thao tac tang mé men ldi lon dan dén gia téc ngang vueot gidi han cho
phép. Cac tru"O’ng hop tiéu cyc khac lam gia toc ngang virgt gici han cho phép sé dwoc kiém soat
on dinh bang cdc hé thong on dinh quy dao chuyén dong khdc khéng nam trong pham vi nghién
ctru clia dé tdi.

b. Panh gid wu diém, han ché

Uu diém:

(1) Thuat toan don gian, dé lap trinh va diéu khién.

(2) Pic tinh tro Iyc 14i tron tru, khong c6 hién tuong giat do chuyén muec tro lyc.

(3) Co ban dép ung dugc yéu cau tbi thiéu ciia mod men tro lyc.

Han ché:

(1) Voi dac tinh tro lyc lai tuyén tinh dé dam bao lyc tro luc dat gia tri lon nhét dap
ing yéu cau khac phuc md men can 16n nhat khi 6 to6 quay vong tai chd va khi véan toc
thap thi can s6 trg luc (K (v)) 16n, diéu nay dan dén hai hé qua sau:

- M6 men tr¢ luc c6 gia tri kha 16n trong khi m6 men 141 con tuong ddi nho dan dén

nguoi 1ai cam giac tay 14i qua nhe khi diéu chinh ¢ khu vyc trung tdm do d6 lam

giém cam giac duémg cua ngu’Gi 1ai.

-G van toc cao va rat cao, hé sé (K (v)) van con khé 16n, do (K(v)) giam kha chm

khi van tdc ting, 1am cho m6 men trg luc cling 16n do d6 khé dap ing duoc yéu cau

gidm mo6 men trg luc ¢ van tdc cao.

(2) M6 men tro luc dat gid tri 10n nhat chi khi mo men l4i 16n nhat tirc 1a khi T, =
Tymax = 4.8 (Nm) va thoi diém dat dén gia tri nay khong thay do6i theo van tdc.

(3) Do hé sé (K(v)) 1a ham sd bac 3 theo van tc nén ban dau (K (v)) giam theo sy
ting van toc, nhung khi dat dén van téc nhat dinh thi (K(v)) dat gia tri cuc tiéu roi
chuyén sang nhanh ting 1én do vay khi 4p dung loai dic tinh ndy thuong phai ngit cudng
birc tro luc khi 6 t6 dat van toc trén 100 km/h.

(4) Khoang cach gitra cac duong dac tinh tro luc lai twong ng vdi cac van toc khac
nhau la kha nho. Noi cach khac, mue giam trg luc theo van tbe khong dap tmg day dua
yéu cau giam mé men tro luc khi van toc tang, ddc biét trong vung van téc cao va rat cao.

Do do, voi dac tinh tro luc lai nay, hé thong chi co ban dap tng dugc yéu cau tro luc
0 van toc thap va gap nhiéu han ché trong viéc thda man toan bo cac yéu cau nghiém ngit
vé trg lyc lai da dugc trinh bay trong Muyc 2.2.1 chuong 2. Pé ap dung dac tinh tro luc lai
tuyén tinh, can tién hanh nhiéu thi nghiém va xay dyng cac ham h¢ s6 (K (vl)) twong Gmg
VOl tung vung van tdc khac nhau. Pong thoi, khi xéac dinh (K (v;)), ngoai yéu td van toc
xe, can xét thém anh hudng cua tai trong xe va hé s6 bam dudng.

B6 tham sd trong cac cong thirc xay dung dic tinh tro luc 1ai tuyén tinh cho mau xe
nghién ctru sau khi d tién hanh tinh toan va t&i vu tham so:

T ymin = L Nm; P o = 30N; T g (0) = 4.8Nm;

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

Ban d6 dic tinh trg luc 14i duge xé4c dinh theo biéu thire sau:

0 Khi|T,;| <1
Ta = K(v)(Td - 1) Khil < |Td| < Tdmax
Tamax = 3.8K(W)  Khi|Tq| = T gmax
3.4.1.3. Pic tinh da tinh tuyén/Multi-Linear type
KQMP dic tinh da tinh tuyén duoc thé hién nhu Hinh 3.13.
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Curve: T_-T , (v, [km/h])

Curve: T_-T , (v; [km/h])
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7. Bdc tinh a4
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2. Gia tri dac tinh T,-T,
Characteristic curve: ay-Tl:t (v, [km/h])
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4. Dac tinh a,-T,

Characteristicewrve : gg — 15 (v [km/ h])

v =150

w =150

v=0
v=10

v=100

v =200

—1IO 0
T [Nm]
6. Pac tinh @i T

-20 10

Characteristic curve: amr-TE (v, [km/h])

10

v =200 P

v=0
v=10
v =50
v =100 =
v =150 > 23

10 0 10 20 30
Ts INm]

8. Ddac tinh a,-Ty

93



Characteristic curve Ta-Time (vi [km/h]) Characteristic curve Tz-Time (vj [km/h])
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Hinh 3.13. Triweong hop 2: Dic tinh da tuyén tinh
a. Phén tich két qud

Cac KQMP trinh bay nhu Hinh 3.13 x4c nhan ring toan bd cac yéu cau thiét ké doi
v6i Truong hop 2 “dic tinh tro lwe 14i da tuyén tinh” d3 duoc dap tng day du. Cu thé:
(1) Phan tich cac Hinh 3.13.1 dén Hinh 3.13.4 cho thay:

- Khi toc do xe tang, do dbc cua duong dac tinh tro Iyc 1ai giam dan, phan anh viéc
giam muc tro luc theo toe do, phi hop véi yéu cau dam bao 6n dinh hudng & van tdc cao.

- Trong vung mé men lai nho |T;| < 1INm, m6 men trg luc T, = 0, tirc mo to trg
luc khong tham gia, qua d6 duy tri cam giac 14i truc tiép quanh vi tri trung tam.

- Khi Tgmayx > |T;] = 1Nm, m6 men trg luc (T,) tang tuyén tinh theo mo6 men lai
(T,), ddm bao mdi quan hé khuéch dai lyc 1ai 16 rang, lién tuc va dé du doan.

Tir két qua mo phong nhu Hinh 3.13, cho thay:

- Khi 3.5Nm =Ty, > |T4| = 1Nm, (T,) tang tuyén tuyén theo (T), tuy nhién murc
tang nay duogc diéu chinh nhé hon treong hop 1 do K1(v) < K(v), vi vay luc tro luc
khong qué 16n dé dam bao cam giac duong cua nguoi lai.

- Khi |T4| = 3.5Nm, (T,) téng tuyén tuyén theo (T4) va mirc tang nhanh hon giai
doan dau nhiam dap tng nhu cau lyc luc tro luc 16n dé khic phuc st can mit duong.

- Khi mé men lai dat dén gid tri 16n nhat T; = T e = 4.8 (Nm) , thi mé men tro
luc dat 16n nhét 1a To = Tamax = KW Timar =
[23.00, 22.37,20.02,17.47,15.37,13.70] , Gng v&i mé men lai Ty = T gpma (V) =
[4.81,4.82,4.93,5.08,5.24,5.42] , dong thoi (T,) s& khong ting thém ngay ca
khi (T) tiép tuc tang.

- Cac dac diém (2), (3), (4), (5) va (6) cling twong tu nhu dic tinh tuyén tinh.

b. Panh gid wu diém, han ché

Uu diém:

(1) Thuat toan don gian, dé 1ap trinh va diéu khién;

(2) Co ban dap ung dugc yéu cau t6i thiéu ctia mo men trg lyc;

(3) Khac phuc duoc han ché (1) cua dic tinh tuyén tinh. Cu thé 1a giam dugc hién
tuong mo men trg lyc qué 16n khi mo men 1ai con nho & vung trung tam.

Han ché:

(1) Van ton tai han ché tuong tu han ché (2), (3) va (4) cua dac tinh tuyén tinh;

(2) Do muc hd trg thay d6i dot ngdt & vi tri chuyén tiép giita hai mic hd tro nén
nguoi lai co thé c6 cam giac khong muot ma va “bi giat nhe”.

(3) Khi v > 0, m6 men trg luc chi dat bao hoa khi moé men lai dat gia tri lon nhat
T gmax (V) > Tamax(0) = 4.8Nm. Dong thoi, (T gmaer(v;)) c6 xu hudng ting dan theo van
tbc xe. Do do, ngudng mo men lai tai d6 moé men trg luc dat bao hoa 16n hon gia tri mo
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men 1ai cuc dai mong mudn (T, < 4.8Nm), lam cho hé théng khong duy tri duoc gidi
han mé men 1ai theo thiét ké.

Nhu vy, dic tinh tro luc 14i da tuyén chi dap tng duoc yéu cau co ban cia hé théng
trg lyc 1ai, chua thoa man day du cac tiéu chi khét khe hon dugc trinh bay trong Muc
2.2.1. Khi ap dung loai déc tinh nay, can giai quyet ddng thoi cac van dé ky thuat twong
tu nhu d6i véi dic tinh tuyén tinh. Ngoai ra, can xay dung thém thuat toan lam tron tai
cac diém chuyen tiép mo men (T 4;) nham dam bao tinh lién tuc va cai thién cam giac lai.

B¢ tham s6 trong cac cong thirc xay dung déc tinh trg luc lai da tuyén tinh cho miu
xe md phong sau khi da tién hanh tinh toan va toi wu tham sb:

T gmin = INm; Ty1 = 3.5Nm; P,y = 30N; T g0 (0) = 4.8Nm;

K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;

K,(v) = 2.5 —0.0607v + 0.0003v> — 0.00001v3.

Ban d6 dic tinh tro luc lai duoc xac dinh theo biéu thire sau:

0 Khi|T,| <1
r = KT —1) Khil <|Ty4| <35
@ =\ K@W)(Ty = 35) + Ky0)(Ty—1) Khi3.5 < |Tyl < Typa
T 4max = 3.8K(v) Khi|Ty| > T gimax

3.4.1.4. Dac tinh phi tuyén/NonlinearWtype
KQMP dac tinh phi tuyén duoc thé hi¢n nhu Hinh 3.14.

Curve: T_-T _ (v [km/h]) Curve: T_-T _ (v, [km/h])
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Characteristic curve: Ty(vi[km/h]) Characteristiccurve Ty (v, [k /h])
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Hinh 3.14. Truwong hop 3: Pdc tinh phi tuyén tinh

Pay 1a loai duong dic tinh dap Gng duogc gan nhu toan bd yéu cau vé dic tinh trg
luc 14i cta tro luc 1ai va 1a mot lya chon rat phu hop dé xdy dung dic tinh lai 1y tudng.
Tuy nhién han ché cua loai dic tinh nay 1a viéc xay dyng kho, ky thuat dé xac dinh cac hé
s0 va phuong trinh biéu dién dudng cong phi tuyén phirc tap, can c6 nhirng hiéu biét sdu
sdc vé quan hé giita m6 men 14i va -cuong do phan tng lai cua hé théng lai va 6 t6. Ngoai
ra viéc xay dung mo hinh diéu khién ciing phirc tap. Cac phén tich chi tiét va bd thong sd
loai ddc tinh nay s€ duogc trinh bay & muc 3.4.2 chuong nay.
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3.4.1.5. Pic tinh hon hgp/Mix Linear and Nonlinear type

KQMP dic tinh hdn hop giita tuyén tinh va phi tuyén dugc thé hién nhu Hinh 3.15.

Két qua md phong trinh bay nhu Hinh 3.15 x4c nhén rang toan bd cac yéu cau thiét
ké ddi v6i Truong hop 3 “dic tinh tro lwe 14i hdn hop” da dugc dép ung diy du. Cu thé:
(1) Phan tich cac Hinh 3.15.1 dén Hinh 3.15.4 cho thay:

Khi van toc xe tdng, do ddc cua duong dac tinh tro luc lai gidam dan, déng thot
khoang céach giita cac duong dic tinh twong tng véi cac van tde khac nhau ting 1én. Pidu
nay cho thdy mé men tro Iyc giam nhanh hon theo van toc & viing gia téc 16n, qua d6 dap
g hiéu qua yéu cau vé kha nang diéu khién va 6n dinh 1ai ¢ toc do cao.

Khi m6 men 14i |T4| < 1INm, md men tro luc T, = 0, tirc mo to tro luc khong hoat
dong, nham duy tri cam giac 14i truc tiép quanh vi tri trung tam.

Curve: T -T (v; [km/h])
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Characteristiccurve : a, — q(v;[km/h]) Characteristic curve: ay-T):‘. {Vi [km/h])
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Hinh 3.15. Truwong hop 4: Dic tinh hén hop

Khi |Ty4| = 1, Twong ung véi v = [0, 10, 50, 100, 150, 200] km/h, m6é men trg luc
tuan theo dic tinh tuyén tinh K(v) T; cho dén khi dat cac gia tri giao diém Ty =
[2.38,3.18,3.37,3.24, 2.90, 2.01]. Vuot qua cic ngudng nay, md men tro luc chuyén
sang dc tinh phi tuyén K;K,|T%|", nham han ché sy gia ting tro lyc ¢ ving mé men 16n.
Tai cac diém giao nhau néu trén, mo6 men tro luc twong Ung dat cac gia tri T, =
[3.46,5.01, 4.06, 2.34, 0.94, 0.07].

Khi m6 men 14i tiép tuc ting, tai cac van téc v = [0, 10, 50, 100, 150, 200] km/h,
mo men lai dat dén gid tri cuc dai Ty = T ygmar (v;) = [3.10, 4.03, 4.39, 4.50, 4.52, 4.53].
Khi do, mdé men tro luc dat gid tri bao h(‘)a T,=Tunex =K (v W’ gimax =
[23.00,22.37,20.02,17.47, 15.37, 13.70] va khong tiép tuc ting mic du Ty van ting.

(2) Céc dic tinh (2), (3), (4), (5) va (6) c6 xu hudng va ban chat twong ty nhu trong
truong hop dic tinh trg luc 1ai tuyén tinh d3 duoc phan tich trude do.

Tt cac phan tich trén co thé théiy rﬁng didc tinh tro luc lai kiéu hdn hop 1a mot lya
chon wu viét dé xay dung ban dd dic tinh tro luc 14i. Dac tinh nay ké thira déy du cac vu
diém cua ca dic tinh tuyén tinh va phi tuyén, dic biét 1a kha ning kiém soat muc trg luc
hiéu qua trong vung mé men lai nho. Tuy nhién, do sy két hop gitra hai dang dac tinh, m6
hinh nay van ton tai nhitng han che nhat dinh. Cu the thuat toan diéu khién c6 d6 phiic
tap cao hon so vdi dac tinh tuyén tinh thuan va van xuit hién cic diém giy tai ving
chuyén tiép giita doan tuyen tinh va phi tuyen Pé dam bao tinh lién tuc va cam giac lai
muot ma tai cac diém chuyén tlep nay, can bo sung cac thuat toan lam tron duong dac
tinh, tir d6 1am tang do phirc tap tong thé ciia hé thong diéu khién. Cdc phdn tich chi tiét
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logi dac tinh nay theo phong cach lai dwgc trinh bay trong muc 4.2, PLIV.

B6 tham s6 trong cac cong thire xdy dung dac tinh trg lyc lai hon hop v6i phong
cach 14i thoai mai cho mau xe khao sat sau khi da tién hanh tinh toan va téi vu tham sb:

T gmin = INM; Ppoe = 30N; T e (0) = 4.8Nm;

K1(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;

K(v) = 2.5 —0.0607v + 0.0003v> — 0.00001v3; K; = 3.8554;

Tham sb ctia hé s6 K,: [b, ¢, k,n] = [0.2675, 2.7646, 0.4442, 4.5357];

Ban d6 dic tinh trg luc 14i dugc xé4c dinh theo biéu thire sau:

0 Khi|T, <1
kW)t Khi Tyl = 1va|T5°T5| < |[K()T5|
« =\ Ty TS Khi K1(W)| Tl = TS TS = |[K@)T|

K1(W)Tgnax Khi T3 Tal > Tamax = K1(W)T gimax
TI’OIlg do: T;ki** - KTKaleln 1; T:l = Td + 1; T:lmax = Tdmax + Tint; Tint -la giao
diém cua duong tuyén tinh T, = K(v)T? va dudng cong phi tuyén T, = T'T5 .

3.4.2. M6 phong va danh gia diic tinh tro Iwc li theo dic diém phong cach lai

Muc ti€u m6 phong cac phong cach lai khac nhau la lugng hoa va lam r6 anh huong
ctia chién lugc phan bd mé men tro lyc theo mo men lai va van toc xe dén cam giac 1ai,
kha ning kiém soat va mirc do phu hop v6i nhu cau nguoi st dung. Trén co sd d6, nghién
ctru hudng toi xay dung co sé khoa hoc cho viéc cau hinh cic ché @6 1ai trén xe, cho
phép nguoi 1ai chu dong lya chon phong cach pht hop véi bbi canh van hanh.

Ba phong cach 1ai gdm “thoai mai”, “thé thao” va “da mirc” duoc danh gia tinh nhat
quan gilta muyc tiéu cam gidc lai va hanh vi trg luc thé hién qua nguong kich hoat, do dbc
taing mo men tro lyc, ciing nhu xu hudng bién thién theo van téc. V&i phong cach lai
thoai mai, muc ti€u la hinh thanh cam gidc lai nhe nhang; trg luyc dugc kich hoat sém va
mo men tro luc ting theo quy luat phi tuyén dé dat muc hd tro 16n trong dai mé men lai
hiru ich, qua dé tao cam nhan “nhe va thodi mai”. Nguoc lai, phong cach lai thé thao
duoc thiét ké theo hudng “dam chac”, thé hién béng viéc kich hoat tr¢ luc mudn hon va
d6 dbc tang trg Iyc thap hon so véi phong cach thoai mai, giup ting cam giac lién két va
kiém soat khi diéu khién. Déi véi phong cach da murc, can kiém chung kha ning chuyén
d6i muc tiéu cam giac lai theo dai vén toc két hop dac tinh cua hai phong cach trude va
bd sung co ché diéu chinh & ving van tc cao dé dat cam giac an toan, chic tay.

Tong hop céac két qua md phong cho phép so sanh dinh tinh va dinh luong giira cac
phong cach, lam co s& lya chon va trién khai giao dién “chon ché do 14i” trén xe theo
dinh hudng c4 nhan hoda trai nghiém nguoi lai.

Ludn an thwe hién mo phong danh gia phong cdach ldai cho hai logi dwong ddac
tinh la “dic tinh tr lwc ldi phi tuyén” va “ddc tinh tro lyc ldi hén hop”. Dwdi day la
cdc phén tich cho “dic tinh tro lwc ldi phi tuyén”, d6i véi “dic tinh tro lwc ldi hon hop
xem muc 4.2, PLIV.
3.4.2.1. Phong cach lai thoai mai/Comfortable driving style

KQMP phong cach lai thoai mai dugc thé hién nhu Hinh 3.16.
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Curve: T_-T, (v, [km/h])

Curve: T_-T , (v, [km/h])
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Characteristic curve Ta-Time (v. [km/h]) Characteristic curve Tz-Tlme (Vi [km/h])
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Hinh 3.16. Truwong hop 1: Phong cdch ldi thodi mdi

Tir két qua md phong nhu Hinh 3.16, cho thay:

(1) Céac yéu ciu vé nguyén tic xdy dung dic tinh tro luc 1ai cia Truwdng hop 1
“Phong cach lii thoai mai” da duogc thuc hién, cu thé:

- Tt Hinh 3.16.1 va Hinh 3.16.2, Tuy theo van tbc khac nhau khi |T,| < 1.0 +
1.8Nm, gia tri I16n tng voi van tde cang lon, thi T, = 0, dong co tro lyc chua dugc kich
hoat;

- Khi |Ty| = 1.0 + 1.8Nm, T, ting phi tuyén theo (T,), tuy nhién ban dau khi
(T,) trong khoang (1.8 + 3.2)Nm, gia tri 16n Gmg voi van tdc 16n hon, mirc d ting nho
dé dam bao cam giac sttc can mit dudng ciia ngudi 14i, ngudi 1ai khong cam giac 1ai qua
“nhe”, m6 men trg luc dat khoang T, = (1.62 + 1.83)Nm, gia tri cang 16n ing vdi van
téc nho hon.

- Khi |T4| > (1.8 =+ 3.2)Nm, thi (T,) ting nhanh, cung cip mé men trg lyc 16n cho
hé thong l4i, diéu ndy dam bao cam giac 1ai nhat quan véi strc can mat duong, dong thoi
nguoi lai s€ co cam giac 1a1 nhe nhang thoai mai.

- Khi m6 men lai dat dén gia tri 16n nhit T; = T ynq,, twong Gtng & cac van toc v =
[0,10,50,100,150,200] km/h , khi mo6 men lai Ty =Tan;) =
[3.11, 4.03, 4.39, 4.50, 4.52, 4.53] thi m6 men tro luc T, dat gia tri bdo hoa T e =
KW)Tmae = [23.00,22.37,20.02,17.47, 15.37, 13.70], dong thoi (T,) sé khong ting
thém ngay ca khi (T,) tiép tuc tang.

(2) Cac Hinh 3.16.1 dén Hinh 3.16. 4 cho thay rang khi nguoi 1ai ting dan moé men 1ai (T'),
md men trg lyc (T;) va mdé men tong tai truc rang (Ty) ting twong Gng. Su gia tang nay
truc tiép lam tang gia tbc ngang cia xe, qua do6 cai thién dap Gng quay vong. Diéu nay
chtng minh méi lién hé chit ch& va nhat quan giira tin hiéu vao ctia ngudi 1ai, hé thong trg
luc va dong hoc chuyén dong ngang cua xe.

(3) Cac Hinh 3.16.4 va Hinh 3.16.5 mé tid mdi quan hé giita md men 14i - gia téc ngang
(a, — Ty) va md men lai - gbc lai (¢4 — Ty) tai cac tdc d6 khac nhau. Vi cing mot gia tri
mo men 14i, ca gia toc ngang va goc 1ai déu giam khi téc do6 ting. Piéu nay cho thiy tai
van tdc cao, dé dat ciing murc phan ung dong hoc ngang, ngudi 1ai phai tic dung moé men
1ai 16n hon. Hé qua truc tiép 1a cam giac 14i tré nén ning va chic hon ¢ téc do cao, phu
hop v61 muc tiéu tang cuong do on dinh va an toan van hanh.

(4) Phan tich cac Hinh 3.16.6 va Hinh 3.16.7 cho thidy mdi quan hé gitta goc 14i - moé men
téng (¢4 — Ty) va gitta goc 14i - gia tbc ngang (ay, — @q). Tai mot tbc do khong doi, dic
tinh (¢4 — Tx) c6 1a tuyén tinh, dam bao tinh dong nhat cuia cam giac 1ai. Tuy nhién, khi
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toc do xe tang, do dbc ciia duong dic tinh nay giam dang ké, chtng t6 yéu cau mo men 1ai
16n hon dé dat cuing mot goc 1ai. Dleu nay tao ra phan hoi lyc 1ai rd rét va chac chan hon ¢
van tdc cao, gop phan nang cao 6n dinh hudng. Nguoc lai, dudng dic tinh (ay, — @q) tro
nén dbc hon khi téc d6 ting, cho thdy gia téc ngang nhay hon véi goc 14i. Vi vay, viéc
tang luc can danh 1ai & toc do cao 1a can thiét dé han ché goc lai qua lon, tir d6 cai thién
kha nang kiém so4t xe trong cac tinh huong chuyén dong vén tdc cao.
5) Két qua nhu Hinh 3. 16.8 cho thdy mdi quan hé giita mo men téng tai tryc ring va gia
téc ngang (a, —Ty)la tuyén tinh va khéng phu thudc vao tbc do xe. Pic tinh nay dam bao
tinh nhat quan clia cam giac lai trong toan b dai van tdc, dong thoi phan anh sy phdi hop
hop 1y giita hé thong tro luc va dong hoc ngang cua xe.
(6) Cac Hinh 3.16.9 va Hinh 3.16.10 trinh bay dap Gmg cua mé men trg lyc va mé men
tong trong diéu kién tac dong tin hi¢u danh lai dang hinh sin. Két qua thu dugc cho thdy hé
thong phan ng_ 6n dinh, lién tyc va khong Xuat hién cac hién tugng phi tuyen bat loi, qua
d6 khang dinh rang cac nguyén ly thiét ké di dé xut duoc trién khai dung dan va hiéu qua.
Nhu vay véi didc tinh trg luc 141 nay, dong co trg luc dugce kich hoat sém va trng voi
cac van toc khac nhau thi mé men 1ai 16n nhat (T y,,,) duy tri trong khoang [3.11 +
4.53] m6 men tro trg luc (T,) da dat gia tri 16n nhét, do dé nguoi lai s€ c6 “Cam giac lai
nhe nhang va thoai mai”.
B6 tham sé trong cong thire xay dung déc tinh trg luc lai phi tuyen ché do phong
cach 14i thoai mai cho miu xe khao sat sau khi d tién hanh tinh toan va tdi uvu tham sé:
Prax = 30N; T ymax(0) = 4.8Nm; K = 3.8554;
K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;
Tham sd cta hé sé K,: [b, ¢, k,n] = [0.2675, 2.7646, 0.4442, 4.5357];

Ban dd dic tinh tro lyc 14i duge x4c dinh theo biéu thirc sau:

0 Khi|Tg| < Tamin = n\/ 1/K7K,
To=9T5TS Khi T gmax = T4l = Y1/K7K,
TI‘Ol’lg do: T:i = Td i_’Tdmin; T:imax = Tdmax - Tdmin; T:i* = KTKalT;kiln
3.4.2.2. Phong cach lai thé thao/Sporty driving style
KQMP phong céch 14ai thé thao dugc thé hién nhu Hinh 3.17.

Curve: T_-T (v, [km/h]) Curve: T_-T, (v, [km/h])
A= ] == !
20t v=50 | o 25| 003 ot
v =100 [
: v=150| 20 |
E 10 v =200| X 2.0 |qu E 1511
=" —® 10
5 : /
0|
X 3.35736
153
4 2 0 2 4 6 1 2 3 4 5 6
Ty [Nm] T, [Nm]
1. Dac tinh Ty-Ty 2. Gia tri dac tinh T,-T,
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Characteristic curve: T-T (v, [km/h]) Characteristic curve: ay-T g v, [km/h])

30 v=0 6 v=0
v =10 v=10
207 v =50 41 v =50
v =100 v =100
10 | v =150 .2 v =150
'E' v =200 Nw ——v=200
) —
Z . £ g -
[N
©

T, INm] T, [Nm]
3. Bac tinh Ty-T, 4. Dac tinh a,-Ty

Characteristic curve: @y — Ty(v[km/h]) Characteristiceurve : i — Te(v[km/h])

v=0

v=10
v =50
5t v =100
v =150
v =200

10

10

s [Rad]
K

-5r
-10
-6 -4 -10
T, INm] T, [Nm]
5. Dac tinh o Ty 6. Pac tinh @i Ty
Characteristiccurve : a, — wa(vi[km/hl) Characteristic curve: a -T,, (v, [km/h])
v=0 4 6
-- = 7~
v =50 / 4 v=50 - o
v =100 v =100 /'//
v =150 / v =150
— v =200 — 2 —
% & ——v =200 s
=) E 0 .
=l ['U>‘ /.'/
® —2 § . =
ot~
/ lo2—< #
-5 ' ez ’ %2 -630 20 10 0 10 2I0 30
-10 -5 0 5 10 ) : .
w4 [Rad] TE (Nm]
7. Bac tinh a,-¢q 8. Dac tinh a,- Ty
Characteristic curve T_-Time (v, [km/h]) Characteristic curve T_-Time (v, [km/h])
301 T, Nmj] T, Nm]
— e v=0 v=0
20 | | v=10 v=10
: - v =50 v=>50
10+ || | | I v=100 v =100
= = f—| | v = =150
E. 0 —y =200 g_. v =200
= ~~— o
10+ ! |
=20 ¢ |
= .,
-30 ' i
6 4 2 0 2 4 6 4 6
Time [s] Time [s]
9. Dac tinh T,-time dau vao sin 1. Pac tinh Ty-time ddu vao sin

Hinh 3.17. Truwong hop 2: Phong cdch ldi thé thao
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Tir két qua md phong nhu Hinh 3.17, cho thdy: Céc yéu cau xy dung dic tinh tro luc
1ai ciia Truong hop 2 “Phong cdch ldi thé thao” da duoc dap g, cu thé:

- Tur Hinh 3.17.1 va 3.15.2, dong co trg luc chi dugc kich hoat khi Ty = (2.05 +
3.36)Nm gia tri 16n voi vén téc 6 t6 16n hon. Sau d6 (T,) ting phi tuyen theo (Ty)
nhung d6 dbc ciia duong dic tinh thap hon muc ting cua Truwdong hep 1, dé tao cam giac
14i dam chic hon.

- Ung véi cac van toc khac nhau v = [0, 10, 50, 100, 150, 200] km/h, thi m6 men
tro luc (T,) dat gia tri bdo hoa T ypex = K(W)T gnax = [23.00,22.37,20.02,17.47,

15.37,13.70] khi m6é men lai dat Ty = T ginar(v;) = [3.13,4.09, 4.47, 4.61, 4.65, 4.68].

Nhu vay voi duong dac tinh tro luc 1ai ndy, mé men tr¢g luc duoc kich hoat mudn,
déng thoi khi dugce kich hoat m6 men tr¢ lyc khong tang qua nhanh, do dbc dic tinh thoai
hon va md men tro luc dat 1on nhat khi mo men lai dat gia tri tuong ddi 16m T, =
[3.13 + 4.68] , do d6 nguoi l4i s& c6 cam giac 1ai “dam chic” hon hay n6i cach khac 1a
“Phong céch l4i thé thao” hon.

B6 tham s6 trong cong thic xdy dung dic tinh tro luc 14i phi tuyén ché do phong
cach 14i thé thao cho mau xe khao sat sau khi d tién hanh tinh toan va toi wu tham so:

Prax = 30N; T ymax(0) = 4.8Nm; K = 3.8554;

K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;

Tham s6 ctia hé sé K,: [b, ¢, k,n] = [0.2675, 2.7646, 0.4442, 4.5357];

Ban d6 dic tinh tro luc lai duoc xac dinh theo biéu thire sau:

0 Khi|Tyl < Tymin = " 1/K7K,
To =TT Khi Ty, = T4l = " V1/KrK,
TK(W)T gmax  Khi T Ty > |[K(W)T g

Trong do: T4~ = KK o|Tgl™™ t— L Tamax = Tamax — Tamins Ta = Ta & Tamin
3.4.2.3. Phong cach da mirc/Multi-level driving style
KQMP phong céch 1ai da mtc dugc thé hién nhu Hinh 3.18.

Curve: T, (v. [km/h]) Curve: TA, (\.'1 [km/h])
o= iz ; s [
| v=50 | [
2Di—v=1uo: | ’.‘,.
v =150 | % 4.60661
€ 10| v =200 iy / E‘ ;_ Y 17.4832
é | Y 9.01473e-15 é 101
Ty B Ty
Y -0.0002565 5
: = J - X :11 /
O o s e = —
X 317718
! ¥ 5.8558
_ -5 h i Y -2
6 4 2 0 2 4 6 0 2 4 6
Td [Nm] Td [Nm]
1. Pac tinh T,-Ty 2. Gia tri dac tinh T,-T,
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Characteristic curve: T_-T , (v, [km/h])

30 =D
v=10

20 v =50
v =100
10 v =150
—— v =200

T, [Nm]

T, INm]
3. Dac tinh Tx-T,

Characteristic curve: @y — Tu(v[km/h])
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5. DdC tinh Dr Td

Characteristiceurve : a, — pg(vi[km/h])
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7. Bac tinh a,-¢q
Characteristic curve T_-Time (v_I[km/hl}
307 : T, INm]
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9. Dac tinh T,-time dau vao sin

Characteristic curve: ay-T g (v; [km/h])
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4. Dac tinh a,-Ty
Characteristiceurve : i — Te(v[km/h])
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6. Pac tinh @i T

Characteristic curve: ay-T): (v, [km/h])
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8. Dac tinh a,- Ty
Characteristic curve T_-Time (v, [km/h])
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e
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Time [s]
1. Pac tinh Ty-time ddu vao sin

Hinh 3.18. Truwong hop 3: Phong cdch ldi da mirc
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Tir két qua moé phong & Hinh 3.18, cho thdy: Cac yéu cau xay dung dic tinh tro luc
1ai ctia Truong hop 3 da duoc dap Gng, cu thé:

- Trong vung v < 20km/h, xay dung duong dic tinh nhu trong Trwong hop 1;

- Trong vung 20 km/h < v < 100 km/h, m6 men T, tinh theo Trwong hegp 2;

- Trong ving 100 km/h < v < 150 km/h, khi |T4| < T4, = 3.5Nm thi T, = 0 va
sau d6 ting theo dic tinh tuyén tinh dé giam tro lyc so v6i dic tinh phi tuyén tinh;

- Trong vung v = 150 km/h, khi |Ty4| < T4 = 3.5Nm thi T, =0, khi |Td| >
Tirq = 3.5Nm thi T, < 0 va tang theo chiéu nguoc hudng véi T, cho dén khi T,
2.5Nm s€ khong tiép tuc ting nita du (T) tiép tuc tang (tuy nhién trong qua trinh van
hanh 6 t6 thuc té, truong hop lai v6i m6 men 16n 6 van tdc cao rat hiém khi xay ra). Cac
gia tri tai cac diém chuyen tlep cua duong dac tinh dugc thé hién nhu Hinh 3.18.2. Véi
dic tinh nay, nguoi lai s& c6 “Cam giac lai nhe, thoai méi & van toc thap, thé thao &
vén toc trung binh va chic niing, an toan & vin toc cao”

Bo tham s6 trong cong thie xay dung déc tinh tro lu’c lai phi tuyen ché do phong
cach 1ai da mirc cho mau xe khao sat sau khi da tién hanh tinh toan va ti uvu tham sb:

Pax = 30N; T 402(0) = 4.8Nm; K = 3.8554;

T4rq = 3.5Nm; v,y = 110km/h; Ty, = 2.5NmM

K(v) =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.

Tham s6 ctia hé sé K,: [b, ¢, k,n] = [0.2675, 2.7646, 0.4442, 4.5357];

Ban d6 dic tinh tro luc lai duoc xac dinh theo biéu thire sau:

( Khi v<20km/h

0 Khi |Td| < Tdmin

KW)T; Khi Tql = Tomin v2 IT5| < [K@)T]

Ty KRi IK1(0) Ty 2 |T5| = [Kw)TS]

TK1(W)T g Khi [T | > IK1(W)T gaxl

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

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

K(w)Tq Khi|Tgl 2 [(K7Ko)'™ F Tamin] va ITg" Tgl < IK()Tql

Ty T} Khi K1) Tyl = T3 T5] = K@)TG

TK1(W)T jnax Khi [T Ty > |K1(W)T |

Ta =1\ Khi 100 km/h < v < 150 km/h

0 Khi|T4| < Tgrq

K2(v)(Tq F Tarq) Khi |Tg| > Tgrq and |[K1()(Timax F Targ)| = |K2(v) (Tg F Targ)|
iKl(v) (Tt*imax + Tdrq) Khi |K2 (17) (Td + Tdrq)l > |K1(v) (TZmax + Tdrq)l

(lacnay: K2(v) = go(Vrg/V) + g1v + g2v* + g3v° = 0)

Khi v =150 km/h

0 Khi |Ty| < Tgrq

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

+ Tam Khi |K2 (V) (Td + Tdrq)l 2 Taim

(lac nay: K2(v) = go(vrq/v) + g1v + g2v* + g3v° < 0)

\
Trong d6: T = KpK | TH|" ™t — 1, T = KoK |Th|"

106



T;kimax = Tdmax - Tdmin; TZI = Td i Tdmin-
3.5. MO PHONG VA PANH GIA BO PIEU KHIEN HE THONG LAI EPS
3.5.1. Cac ché @9 mo phong

bé quan sat va danh gia hiéu qua cia thuat toan diéu khién, luan an chon cac ché do
mo phong ddéng nhét voi ché d6 mo phong phan tmg cua hé thong 1ai trong muc 3.3.4
chuong nay.

Cac kich ban (KB) mo phong dap tng cta b diéu khién dugc thiét ké dé so sanh sy
dap tmg cua bo diéu khién vé mé men tro lyc trong truong hop stc can mit dudng khong
c6 md men giy nhiéu ngiu nhién va truong hop c6 mdé men giy nhiéu ngau nhién tac
dung vao tryc dong co dién trg lyc, mé men gy ngau nhién nay duoc gia dinh 1a “Tiéng
on trang” hodc “S6 ngau nhién”. Cac ky hiéu trong cac d6 thi KQMP duoc hiéu nhu sau:
W, W, (N)- tin s6 goc quay cua dong co tro luc trong truong hop khéng c6 mé men giy
nhiéu va c6 mod men giy nhiéu; Trrq: Tmas: Tmas(M)- lan luot 13 m6 men muc tiéu cua
dong co dién tro lyc, md men thuc té cua dong co dién khi khong c6 m6 men gay nhiéu
va mo men thuc té cua dong co dién khi co tac dong ciia md men gy nhidu; Targ: Taass
T 40s() - 1an luot 1a mé men tro luc muc tiéu, mdé men tro luc thuc té khi khong c6 mod
men gay nhidu va md men tro luc thuc t& khi cé tac dong cua md men gay
nhiéu; lgrq; Larq- dOon dién muc tiéu trén truc d — q; iy; i,(n)- dap mg cua dong di¢n khi
khong c6 tic dong mo6 men gay nhleu va khi cé tac dong cua md men gay nhleu
AT 4a5) AT g, Aig,Aly- 1an luot 13 sai s6 mo men tro luc, sai s6 mdé men dong co va sai sb

dong dién.
3.5.2. Kich bin 1T, = 3.2sin(>-t)Nm, (f = 0.2Hz)

€ : :
= A=cist torque Assist torque
20 F k[N = — 20 =
g O e 1
-~ k3 /
% -20 frwr— _____,T_aﬂSﬂ =20 bid——L :
A 0 5 10 -2 0 2
(=
=, Motor torque
22 S
o O { P
S
w2
s 1
° 0 2
= Time [s]
% Stator current Stator current
= | == | £~
$ 20 }.’ \ | \\ EE 20 p
e 1/ V|--iam| O 7
é -20 | = | |==-id =20 [ /
c% (0] 5 10 -2 0 2
Time [s] Driver torque Td [Nm]

Hinh 3.19. KB 1: M6 men tro luc, mo men va dong dién dong co (v = 0km/h)
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Hinh 3.20. KB 1: Sai léch mé men tro luc, mé men va dong dién dong co (v = 0km/h)
Motor angular Velocity

Motor angular Velocity

200 I 200 /T
JI \ J') 4
— " } ‘\ f \ .
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I | e == I{ : |
g 0 ___j Ll 5] \‘u \ m | g = -\\\: f‘;
i | ; 2 \ JI A wm(rl} ! \\h /
00 | /Y |10} S /
1oaf Ty A
-200 \ -200 b
0 2 4 -2 0 2
Time [s] Driver torque Td [Nm]

Hinh 3.21. KB 1- Vin toc géc dpng co tro lwc (v = Okm/h):
KQMP dép tmg cta bo diéu khién tai v = 0 km/h dugc thé hién nhu tir Hinh 3.19
dén Hinh 3.21 va Bang 3.51. KQMP day du tai cac van toc v = [0; 10; 100; 150] km/h
xem Hinh PL4.33 va Hinh PL4.34, PLIV. Tong hop két qua dap umg ctia bd diéu khién ¢

kich ban 1 nhu trong bang sau:

Bing 3.11. KB 1: KOMP ddp irng ciia bé diéu khién

v(km/h) e Ms =2 RMS =10

2 2

Value pmsg MEAN MAX MAPE  R? oo MEAN MAX MAPE R
Targ(NM) 1425 329 23,00 508 1,06 11,16
T, (Nm) 1425 3,29 23,00 508 106 11,16
T, (W)(Nm) 14,25 3,29 23,00 508 1,06 11,16
161 -2,15 5,02 541 -402 1,02

ATaas (NM) o3 Eos  poz 29 100 plop o7 Eo3 900 100

Torg(NM) 1,97 046 3,18 070 0,15 1,54
T, ..(Nm) 197 046 3,18 070 0,15 154
T, . (m)(Nm) 197 046 3,18 070 015 1,54
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2,22 -2,98 6,95 7,49 -5,57 141

ATmas (N 00 eo7  poa 29 190 los eog pog 0> 10O
igrq (A) 18,79 4,34 30,32 6,70 1,40 14,71
iy (A) 18,79 4,34 30,32 6,70 1,40 14,71
i, (M(A) 18,79 4,34 30,32 6,70 1,40 14,71
. 2,12 -2,84 6,61 7,14 -530 1,35
Aiq(4) 03 E06 E03 09 100 o4 fo7 poz 90> LOO
irq(A) 18,79 4,34 30,32 6,70 1,40 14,71
L(A) 1,62 3,22 845 1,12 -2,44 7,07
E-16 E-20 E-16 E-16 E-20 E-16
Aiy(A) gié Ejé i;ig 0,00 -0,00 0,00
w,, (Rad/s) 135,26 11,07 233,34 107,90 -4,25 215,10
w,, (N)(Rad/s) 132,37 14,45 243,08 106,17 -0,80 241,97
Thoi gian tré (s) 2,321E-07 2,40E-07
v(km/h) — v, =100 : — v, = 150 :
Value amsg MEAN MAX MAPE R® oo MEAN MAX MAPE R
T 4rq (NmM) 2,08 043 456 1,76 0,37 3,86
T 4us (NM) 2,08 043 4,56 1,76 0,37 3,86
Toos M(NM) 2,08 043 4,56 1,76 0,37 3,86
221 -1,64 4,17 1,87 -1,39 3,53
ATaas (NM)  £l0a E07  E-04 0,05 1,00 E-04 E-07 E-04 0,05 1,00
Trqg (NM) 0,29 0,06 0,63 0,24 0,05 0,53
T as (NM) 029 006 063 0,24 0,05 0,53
Toas M(NM) 0,29 0,06 0,63 0,24 0,05 0,53
3,06 -2,27 577 2,59 -1,92 4,88
ATmas (NM) £l0s E08  E-05 0,05 1,00 E-05 E-08 E-05 0,05 1,00
igrq (A) 2,74 057 6,01 2,32 048 5,08
iy (4) 2,74 0,57 6,01 2,32 048 5,08
ig (n)(4) 2,74 0,57 6,01 2,32 0,48 5,08
. 292 -2,17 5,50 2,47 -1,83 4,65
Alg (4) E-04 E-07 E-04 005 1,00 E-04 E-07 E-04 0,05 1,00
Lgrq (A) 2,74 057 6,01 2,32 048 5,08
L () 599 -6,68 3,82 546 -2,06 3,48
E-17 E-21 E-16 E-17 E-20 E-16
Aiy () 599 -6,68 3,82 546 -2,06 3,48
E-17 E-21 E-16 E-17 E-20 E-16
w,, (Rad/s) 66,08 -6,98 136,72 62,07 -7,16 127,45
w,, (N)(Rad/s) 66,58 -520 163,04 62,87 -580 153,35
Thoi gian tré (s) 2,40E-07 2,40E-07
Nhdn xét KB 1:

(1) Kha ning dap ung cta bo diéu khién

- Quy tac cung cép dong dién va diéu khién mo men tro luc ctia cum tro luc 14i dién
theo tin hiéu mod men lai va van tdc chuyén dong cua xe thoa man yéu cAu muc tiéu dit ra
vé hd trg mo men, cu thé:

- TUr Hinh 3.19 va Hinh PL4.33, tai cac van toc khao sat 0, 10, 100 va 150 km/h, mo
men trg luc T e vd mO men cta dong co dién T, duoge diéu khién gan nhu tring hoan
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toan véi mo men trg luc va mdé men cua dong co theo yéu cau (m6 men tro lyc va mé men
dong co muc ti€u) T g, Torg - Cac gia tri RMS, MEAN va MAX cua mo men tr¢ luc thue
t€ Toas VA Toas(n) gin nhu tring v6i moé men tro luc muc tidu T 4rq - Tuong tu, md men
thuc té ctia dong co Tpgs Va Tygs () bam sat md men muc tidu T'nrq- Sai léch gilta trudng
hop c6 nhidu va khong c6 nhiéu rat nho, véi RMS cta AT 4 chi trong khoang 1,87.10-%4
dén 1,61.103Nm, con RMS cta AT,,,, nam trong khoang 2,59.10°° dén 2,22.10-Nm.
Pong thoi, MAPE dat 0,05 va R2 dat 1,00 tai tit ca cac van toc khao sat, thé hién d6 chinh
x4c bam mo men cao cua bd diéu khién.

Pbi v6i dap tng dong dién, ig va iz(n) gan nhu tring nhau va déu bam sat dong dién
muc tiéu ig,. RMS cta 4i, chi nam trong khoang 2,47.10% dén 2,12.10-%A, trong khi
MAPE va R? lan luot dat 0,05 va 1,00. Thanh phan dong dién i, va sai léch iy c¢6 d 16n
xap xi 0, cho thdy anh hudng ghép chéo giita hai truc d — q 1a khong dang ké. Bén canh do,
thoi gian tré chi khoang 2,321.10%7 dén 2,40.107s va it thay ddi theo van téc. Nhu vay, bo
diéu khién thé hién d6 chinh xac cao, ddp tmg nhanh va kha ning khang nhiéu tét trong
toan bd mién van toc khao sat.

Cu thé, khi Ty < Tgpin = (1.0 = 1.8)Nm thi = 0, T, = 0 luc nay tro luc 1ai chua
duogc kich hoat. Khi T; > (1.0 + 1.8) Nm, tro luc 1ai bat dau kich hoat, T ting tir (1.0 +
1.8) Nm dén max(T,) = 3.2Nm , cudng d6 dong dién ting tr 0 dén max(l) =
[30.32; 14.71; 6.01; 5.08 J(A) va md men dong co tro luc ting tir 0 dén max(Tpgs) =
[3.18; 1.54; 0.63; 0.53](Nm). Su bién thién cua cuong d6 dong dién I va va mod men trg
luc  Tos ti 16 nghich véi van thc o6 t6 wv=0 =+ 150km/h
max(l) = (5.08 =~ 30.32 ), max(T ) =[ 3.18 = 0.53 ] Nm.

- Céc két qua md phong nhu Hinh 3.19 va Hinh PL4.33 ciing cho thiy gia trj i, =
iy(N); Tmas = Trmas(M); Tags = Taas(n). Nhu vy b di€u khién thich tmg hoan toan véi
tac dong ctia mo men gy nhiu, hay néi cach khac diéu khién PID véi thuat toan diéu
khién FOC c6 thé loai bo hoan toan anh huéng ctia md men gy nhidu, dam bao dong dién
diéu khién luon bam sat dong dién muc tiéu. Piéu nay duoc 1y giai rd hon tir Hinh 3.21,
Hinh 3.23, Hinh 3.25, dé cuong dd dong di¢én diéu khién luon bam theo dong dién muc
tiéu khi c6 mbé men gy nhidu T,,4(t) thi van tdc cua dong co dién w,,(n) lién tuc duoc
hiéu chinh dé thich tng véi mdé men gay nhiéu.

(2) Hiéu qua cua phuong phap diéu khién FOC

Hinh 3.19 va Hinh PL4.33 cho thiy trong moi ché do 1am viéc, bd diéu khién FOC
ludn diéu chinh dong dién (i,) vé gia tri pht hop dé tao mé men t6i wu, dong thoi giit iy = 0,
qua d6 dam bao dong co PMSM van hanh véi hiéu suét cao nhat. Ban chat cua chién luoc
FOC 1a tach diéu khién mo6 men va diéu khién tir thong, trong d6 (i,) dam nhiém vai tro tao
mo men con (ig) duogc duy tri bang 0 dé 6n dinh tir théng cua dong co. Do:

- Thir nhat, FOC thyc hién tach biét diéu khién tir thong va mo men, gitip toi uu hoa
hiéu qua diéu khién va don gian héa ciu trac b diéu khién. Do md men dién tir ty 1¢ truc
tiép voi dong (i,), viéc diéu chinh mé men chi can thay d6i (i,), trong khi giit is = 0 gitp tir
thong 6n dinh va tranh hién tuong bao hoa tur.

- Thir hai, chién lugc nay nang cao hi¢u suit nang luong, do viéc duy tri iz = 0 loai bo
ton hao tir hoa khong can thiét. Piéu nay ddc biét co lgi doi voi dong co PMSM, noi tur
thong phan 16n dugc tao ra bai nam cham vinh ciru.

- Thit ba, FOC cho phép diéu khién mé men chinh xac, ddp Gng nhanh va do tin cay
cao, rat pht hop véi cac tmg dung yéu cau d6 nhay va d6 6n dinh 16n nhu hé théng EPS va
xe dién. Viée duy tri dong (iy), (ia) t61 vu khong chi cai thién kha nang diéu khién ma con
kéo dai tudi tho dong co va ting do bén cua hé thong dién tir cong suat.
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3.5.3. Kich bin 2 T = 6sin(Z-)Nm, (f = 0.2Hz)

KQMP dap mg cua bd diéu khién tai v = 100 km/h dugc thé hién nhu Hinh 3.22 dén
3.24 va Bang 3.52. KOMP day du tai cac van toc v = [0;10; 100; 150] km/h xem Hinh

PL4.35 va Hinh PL4.36, PLIV.
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i
g ~ Motor torque Motor torque
g 2 | Ii. f '. —Tm,, ‘ j
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= | | ™, )], |
o i | R | i =] E =]
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§ 0 ’ \III I' : o -T‘q(n) O ‘ /
5-20 == | Iid .20
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Hinh 3.22. KB 2: M6 men trg lwc, mé men va dong dién dong co (v = 100km/h)
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Hinh 3.23. KB 2: Sai léch mé men tro luc, mé men va dong dién dong co (v = 100km/h)
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Hinh 3.24. KB 2: Vin téc géc dpng co tro liwc (v = 100km/h)

Téng hop két qua dap ung cia bo didu khién & kich ban 2 nhu trong bang sau:

Bing 3.12. KB 2: KOMP ddp irng ciia bj diéu khién

vlkm/h) e Ms L= RMS v =10
2 2
Value avse MEAN MAX MAPE R? oo MEAN MAX MAPE R
Targ(Nm) 19,79 544 23,00 18,42 5,03 2237
T (Nm) 19,79 544 23,00 18,42 5,03 2237
Tops (D(NM) 19,79 544 23,00 1842 503 2237
263 -131 1,89 214 -128 127
ATaas(Nm)  plo3 Eloa Eo02 %%% 100 Eo03 E04 Eo02 @04 100
Trg(NM) 274 0,75 3,18 255 0,70 3,10
T, ..(Nm) 274 075 3,18 255 0,70 3,10
T, ..(M)(Nm) 274 075 3,18 255 0,70 310 0,04 1,00
365 -1,82 2,62 296 -1,77 1,76
ATmes (NM)  Elos E0s E03 %% 100 Eo04 EO5 EO3 004 100
iqrq (A) 26,09 7,17 30,32 2428 6,64 2949
ig(4) 26,09 7,17 30,32 2428 663 2949
i,(n)(A4) 26,09 7,17 30,32 2428 6,63 2949
. 347 -173 2,49 282 -168 167
Aig(4) E-03 E-04 Eo02 %% 100 Eo03 Eo04 Eo02 0% 100
igrq(A) 26,09 7,17 30,32 2428 6,63 2949
A) 114 445 1,11 1,18 -248 855
td E-16 E-20 E-15 E-16 E-20 E-16
Ai,(4) 1,14 445 111 1,18 -248 855
d E-16 E-20 E-15 E-16 E-20 E-16
w, (Rad/s) 93,29 834 274,29 9930 7,67 250,03
w,, (n)(Rad/s) 96,82 12,86 298,77 101,89 11,08 266,15
Thoi gian tré (s) 3,58E-08 2,46E-08
2 2
Value avse MEAN MAX MAPE R? oo MEAN MAX MAPE R
Taq(Nm) 14,04 382 1748 12,33 3,35 15,38
T (NM) 14,04 3,82 17,48 12,33 3,35 15,38
Tope (D(NmM) 14,04 3,82 17,48 12,33 3,35 15,38
163 -6,66 842 143 -564 733
ATaas(Nm) P03 Elos go3 0% 100 plos glos g3 @04 100
Torq (NT) 194 053 242 1,71 046 213
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Tmas (NM) 1,94 0,53 2,42 1,71 046 2,13

Tpus ()(Nm) 1,94 053 2,42 1,71 046 2,13
225 922 1,17 1,98 -780 1,02

ATmas (NM) - Blos E06 E03 0% 100 plos Eoe Eo3 004 100
iqrq (A) 1851 503 23,05 16,26 4,42 20,28
iy (A) 1851 5,03 23,05 16,26 4,42 20,28
i,(M(4) 1851 503 23,05 16,26 4,42 20,28
. 214 -878 1,11 1,88 -7,43 9,67

Al (4) E-03 E-05 Eo02 0% 190 o3 plos g3z 004 100
iarq (A) 1851 503 23,05 16,26 4,42 20,28
L) 1,08 3,90 721 1,06 -2,05 7,20
E-16 E-21 E-16 E-16 E-20 E-16
21, (A) 1,08 390 7,21 1,06 -2,05 7,20
E-16 E-21 E-16 E-16 E-20 E-16
w, (Rad/s) 96,88 1,07 236,15 97,71 -2,16 239,06
o, (n)(Rad/s) 99,76 3,33 251,09 00,14 096 255,87
Thoi gian tré (s) 6,39E-08 6,96E-08

Nhan xét KB 2:

- Quy tac cung cép dong dién va diéu khién mo men tro luc ctia cum tro luc 14i dién
theo tin hiéu moé men 14i va van tdc chuyén dong cua xe thoa man yéu cau muc tiéu dit ra
vé hd tro md men tuong tu kich ban 1.

KQMP cho thiy b diéu khién duy tri kha ning bam mé men va dong dién tot tai cac
van tdc khao sat 0, 10, 100 va 150 km/h. Cac gia tri RMS, MEAN va MAX cua m6 men
trg luc thuc t& Tyye va Tgqs(n) gan nhu tring véi mé men tro lyc muc tiéu T 4rq - Sai léch
AT 445 €6 RMS giam tir 2,63.103Nm tai 0 km/h xubng 1,43.103Nm tai 150 km/h; gia tri
MAX tuong (g giam tir 1,89.102 xudng 7,33.10°Nm. MAPE duy tri & mic 0,04 va R2
dat 1,00, cho théy do chinh xac bam mo men cao.

Tuong tw, md men dong co Tpngs VA Thes(n) bam sat Tpyq. RMS ctia AT g6 nam
trong khoang 1,98.10% dén 3,65.10%*Nm va gia tri MAX khong vuot qua 2,62.10Nm.
Déi voi dong dién, i, va ig(n) gan nhu tring véi iy, RMS clia i, gidm tir 3,47.100A
xuong 1,88.103A khi van toc tang tir 0 1én 150 km/h; MAPE dat 0,04 va R’ bang 1,00 &
tat ca cac truong hop. Thanh phan iy va Aig c6 do lon xép xi 0, cho thay anh huong ghép
chéo trén truc d khong dang ké. Thoi gian tré chi nam trong khoang 2,46.10-%8 dén 6,96.10-
%8s, Nhin chung, bo diéu khién thé hién kha ning bam chinh xac, dap (mg nhanh va duy tri
tinh on dinh t6t trude tac dong cua nhiéu trong toan bo mién van toc khao sat.

- Céc két qua mé phong ciing cho thy gia tri ig = 1g(n); Tras = Tias(M) 5 Toas =
T 2as(M), b0 diéu khién thich ing hoan toan véi tic dong cia md men giy nhiéu tuwong tu
kich ban 1.

3.5.4. Kich ban 3 T; = 3. 2sin(2rt)Nm, (f = 1Hz)

KQMP dap g cua bd dicu khién tai v = 150 km/h dugc thé hién nhu Hinh 3.25 dén
3.27 va Bang 3.53. KOMP day du tai cdac vin toc v = [0;10;100; 150] km/h xem Hinh
PL4.37 va Hinh PL4.38, PLIV.
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Hinh 3.25. KB 3: M6 men trg lyc, mé men va dong di¢n dong co (v = 150 km/h)
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Hinh 3.26. KB 3: Sai léch mé men trg luwc, mé men va dong di¢n dopng co (v = 150km/h)
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Tong hop két qua dap tng cua bo diéu khién & kich ban 3 nhu trong bang sau:

0{I’}\J‘Iott:ar angular Velocity

Time [s]
Hinh 3.27. KB 3: Vin toc géc dpng co tro lwc (v = 150 km/h)

Motor angular Velocity

Driver torque TCI [Nm]

Bing 3.13. KB 3: KOMP ddp irng ciia by diéu khién

v(km/h)=pyis o . RMS 7= 20 ,
Value amsg MEAN MAX MAPE R® oo MEAN MAX MAPE R
Tgrqg (Nm) 13,77 0,00 23,00 491 0,00 11,16
Teas (Nm) 13,77 0,00 23,00 491 0,00 11,16
Teas M)(Nm) 13,77 0,00 23,00 491 0,00 11,16
AT,.. (Nm) 7,76 543 2,51 2,62 2,06 510
E-03 E-17 E-02 0,29 1,00 E-03 E-17 E-03 029 1,00
Trq (Nm) 1,91 0,00 3,18 0,68 0,00 1,54
T nas (NM) 1,91 -0,00 3,18 0,68 0,00 1,54
Tas M(Nm) 1,91 -0,00 3,18 068 - 1,54
AT (Nm) 1,07 7,53 3,47 3,62 2,77 7,07
mas E-03 E-18 E-03 0,29 1,00 E-04 E-18 E-04 0029 1,00
igrq (A) 18,15 -0,00 30,32 6,47 -0,00 14,71
ig (4) 18,15 0,00 30,32 6,47 -0,00 14,71
ig (M)(A) 18,15 0,00 30,32 6,47 -0,00 14,71
4i, (4) 1,02 517 3,31 3,45 2,60 6,73
a E-02 E-17 E-02 0,29 1,00 E-03 E-17 E-03 0029 1,00
Larq (A) 18,15 0,00 30,32 6,47 -0,00 14,71
L) () 2,06 243 1,15 1,31 -6,35 6,40
E-16 E-20 E-15 E-16 E-20 E-16
Aiy () 2,06 243 1,15 1,31 -6,35 6,40
E-16 E-20 E-15 E-16 E-20 E-16
w,, (Rad/s) 160,96 -9,21 285,87 124,89 -14,48 190,57
w, (M) (Rad/s) 162,19 -6,66 290,40 126,96 -11,77 212,38
Thoi gian tré (s) 4,00E-05 4,00E-05
v(km/h) s vy = 100 : s v, = 150 :
Value amsg MEAN MAX MAPE R® oo MEAN MAX MAPE R
Tgrq (Nm) 2,01 -0,00 4,56 1,70 0,00 3,86
T 4us (NM) 2,01 000 4,56 1,70 -0,00 3,86
TeasM((NmM) 2,01 - 456 1,70 -0,00 3,86
AT,.. (Nm) 1,07 9,21 2,09 9,04 826 1,76
E-03 E-18 E-03 0,29 1,00 E-04 E-18 E-03 0029 1,00
Tinrq (NmM) 0,28 -0,00 0,63 0,23 -0,00 0,53
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Tmas (NM) 0,28 0,00 0,63 023 - 053

TrasM((NM) 028 - 0,63 023 - 053
AT, (Nm) 1,48 1,26 2,89 1,25 1,10 2,44
mas E-04 E-18 E-04 0,29 1,00 E-04 E-18 E-04 029 1,00
igrq (A) 2,64 0,00 6,01 2,24 -0,00 5,08
iq (4) 264 - 601 2,24 0,00 5,08
iy (M)(A) 264 - 601 2,24 0,00 5,08
4i, (4) 1,41 1,14 2,75 1,19 1,05 2,32
1 E-03 E-17 E-03 0,29 1,00 E-03 E-17 E-03 0029 1,00
Larq (A) 264 - 601 2,24 0,00 5,08
L) () 4,37 -1,19 2,50 320 4,36 2,12
E-17 E-20 E-16 E-17 E-20 E-16
Ai, () 437 -1,19 2,50 3,20E- 4,36 2,12
E-17 E-20 E-16 17 E-20 E-16
w, (Rad/s) 57,74 -7,30 94,07 46,33 -6,48 78,26
w,, (M) (Rad/s) 60,64 -4,67 118,06 49,65 -3,83 104,27
Thoi gian tré (s) 4,00E-05 4,00E-05
Nhdn xét KB 3:

- Khi tan sé danh lai tang, cac “Gia tri dong hoc” cua h¢ thong giam, bd dicu khién
diéu khién van tdc co dién thay doi tuong ing nham dam bao cac gia tri md men hd tro va
dong dién diéu khién luon bam sat theo yéu cdu md men trg lyc.

- Kha ning dap tmg cac chi tiéu khac cia bo diéu khién khong thay doi, van hoan
toan dap ung cac muc tiéu twong tu nhu kich ban 1 va 2.

Nhdn xét chung:

- Quy tac cung cép dong dién va diéu khién mo men lai trg luc dién cta cum tro luc
14i dién theo tin hiéu mo men 1ai va van tbc chuyén dong cua xe théa man yéu cAu mé men
tro luc thuc té bam theo mé men muc tiéu. Diéu nay chung to tinh ding ddn cua thuat toan
diéu khién.

- B9 diéu khién thich tmg hoan toan vdi tic dong clia md men gay nhiéu. Piéu khién
PID véi thuat toan diéu khién FOC c6 thé loai bé hoan toan anh huéng cia md men gay
nhiéu, dam bao dong dién diéu khién ludn bam sat dong dién muc tiéu.

- Véi chién luoc diéu khién PID-FOC cho dong co PMSM hoan toan dap tmg duoc
yéu cau diéu khién dong co dién tro lyc ciia hé thong lai EPS.

3.6. KET LUAN CHUGNG

Muc tiéu chinh ctia chuong 3 da dugc hoan thanh thé hién qua cac két qua sau:

D3 lwa chon miu xe phu hop véi ddi twong nghién ctu, trong d6 cac thong sd ki
thuat ciia xe dam bao d¢ tin cdy va chinh xéc cao.

Pi xiy dung cic MHMP con va MHMP tong thé cho mé hinh toan hoc duoc xay
dung ¢ chuong 2 trén phin mém Matlab/Simulink dé tién hanh tinh toan mé phong va
kiém chung.

D3 tién hanh mo phong kiém ching cac mo hinh PLH duoc xay dung trén xe mau.
Céc két qua mo phong kiém chimg cho thdy cac moé hinh PLH phén anh dung quy luat vét
1y ctia phan b tai trong khi quay vong, dac tinh dong luc hoc cua banh xe dan hi, sy hinh
thanh mo men can quay vong, PLH hé théng 1ai EPS va PLH chuyén dong cia 6 to.

D3 thyc hién mo phong, phan tich va danh gia cac dang dic tinh tro luc lai gdm tuyén
tinh, da tuyén tinh, phi tuyén va hdn hop tuyén tinh-phi tuyén, 1am rd anh huéng cua hinh
dang ban dd dac tinh tro luc 14i dén phan bd md men trg luc va phan tng cua hé théng. ba
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thuc hi¢n mo6 phong, phan tich va danh gia dac tinh trg luc 14i 1y tudéng theo phong cach lai
ctia hai loai dic tinh phi tuyén va dic tinh hon hop. Két qua cho thay kha ning tao ra cac
cam giac lai khac nhau thong qua thay ddi chién luoc phan bé tro luc trén cing cau hinh
phén cung. B6 tham s6 dic tinh tro luc 14i thu duoc ddi voi xe miu nhu sau:

1. Logi tuyén tinh:

T gmin = 1 Nm; P o = 30N; T 410 (0) = 4.8Nm;
K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3.

2. Logi da tuyén tinh:

T gmin = INm; Ty1 = 3.5Nm; P,y = 30N; T g0 (0) = 4.8Nm;

K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;

K,(v) = 2.5 —0.0607v + 0.0003v> — 0.00001v3.

3. Loai phi tuyén:

- Phong cdch ldi thodi mdi va phong cdch 1di thé thao:

Pax = 30N; T 4102(0) = 4.8Nm; K = 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 mirc:

Pax = 30N; T 4102(0) = 4.8Nm; K = 3.8554;

T4rq = 3.5Nm; v,y = 110km/h; Ty, = 2.5NmM

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. Loai hén hop:

- Phong cdch ldi thodi mdi va phong cdch i thé thao:

Pax = 30N; T 40x(0) = 4.8Nm; K = 3.8554;

K(v) =25 —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:

Pax = 30N; T 410x(0) = 4.8Nm; K = 3.8554;

T4rq = 3.5Nm; v, = 110km/h; Ty = 2.5Nm

K(v) =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];

Cudi cing da tién hanh mo phong va danh gia bo diéu khién hé théng C-EPS, thong
qua kha ndng bam theo mé men trg lyc muc ti€u, ddp ing dong hoc va mirc do suy giam
nhidu. Két qua cho thdy bo diéu khién PID-FOC dap tmg t6t yéu cau diéu khién mé men
tro luc, bao dam tinh 6n dinh. Sai 1éch bam md men gén nhu béng 0, loai bo hoan toan
nhiéu ngau nhién.

Nhu vay két qua ctia chuong 3 da chimg minh tinh dung din cia phuong phap luan,
do tin cdy cua cac m6 hinh dong luc hoc va dap ung cua chlen luge diéu khlen Dua ra
duogc bo tham sb cho 04 loai ban do dic tinh trg luc 1ai da tuyen tinh, phi tuyen va hon hop
trén xe mau. Pua ra bo tham sb cho 02 loai dic tinh phi tuyén va h5n hop mdi loai 03 ban
dd dic tinh tro lyc 1ai 1y tuong theo 03 phong cach lai khac nhau trén cung cdu hinh xe
mau.
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CHUONG IV: THU NGHIEM MO PHONG PANH GIA HE THONG LAI EPS

Chuong 4 tién hanh thr nghiém mo phong danh gia h¢ thong 1ai EPS theo cac bai
thtr nghiém duoc chuén hoa trong cac tiéu chuan qudc té ISO va tiéu chuan Trung Qudc
GB/T nham dong thoi thyc hién cing lac muc tiéu kép d6 la:

Thong qua cac bai thir nghiém mé phong dé danh gia kha niang dap tng cua bo dicu
khién va kiém chimg cic md hinh dong luc hoc bang cach mé phong song song mé hinh
dong luc hoc luan 4n xay dung trong chuwong 2 va mo hinh dong luc hoc chuan CarSim.

Thong qua cac bai thir nghiém moé phong danh gia cam giac lai nham danh gia cam
giép lai cua hé théng lai EPS st dung ban dd dic tinh tro luc 1ai Iy tudéng do luan an dé
xuat.

4.1. LUA CHON PHUGNG PHAP THU NGHIEM

Trong nghién ctru va phat trién 6 to, viéc lua chon phuong phap thir nghiém phu hop
dong vai tro quyét dinh dén d6 chinh xac, hiéu qua va chi phi cua toan by qua trinh phat
trién san pham. Thir nghiém khong chi la budc kiém ching két qua mo phong hodc thiét
ké, ma con 1a co s& dé toi uu hoa cdu tric, diéu khién, do bén va hiéu suat cia cac hé
thdng trén xe.

4.1.1. Cac phwong phap thir nghiém

Phuong phép thir nghiém trong k¥ thuét 6 to 13 toan bo cac cach thirc kiém chung, do
luong va danh gia hiéu nang, do bén, tinh an toan cua xe hodc cac hé théng cAu thanh. Tuy
theo muc tiéu nghién ctu, diéu kién k¥ thuét va giai doan phat trién, cac nha nghién ctru
c6 thé lya chon giira nhidu phuong phép thir nghiém khac nhau. Hién nay, bén nhom
phuong phap chinh thuong dugc st dung gém: (1) Thir nghiém mé phong s6 SBEM va
thir nghiém mo phong trong vong lip (MIL testing), (2) Thtr nghiém phdn mém trong
vong lap (SIL testing), thir nghiém phan cimg trong vong lap (HIL testing), (3) Thu
nghiém trén bé thir (Bench Testing), va (4) Thir nghiém thuc té (On- Road/Track Testing).

So véi cac phuwong phap truyén thong, mo phong thé hién wu thé 13 rét vé chi phi, toc
do, kha nang tai 1ap va an toan. M6 phong ¢ thé trién khai hang nghin kich ban trong thoi
gian ngan va dé dang diéu chinh tham s6, trong khi thr nghiém vat Iy doi héi nhiéu thoi
gian va nhan lyc.

4.1.2. Muc tiéu ciia thir nghiém hé thong lai

Thir nghiém hé thong l4i nham dat duoc cac myc tiéu nghién ctru sau:

Dinh lugng cac dic tinh dong hoc va dong luc hoc cua hé thong, bao gom ty sd
truyén, mé men tro luc, do tré, phan lyc va kha nang tra lai.

Panh gia kha nang phan hoi diéu khién ciia bo diéu khién dién tir ECU EPS trong céc
diéu kién van hanh khic nhau, dam bao tinh on dinh va do chinh xac cua hé thong diéu
khién.

Phén tich va t6i wu cam giac lai, thong qua viéc do luong cac thong s6 khach quan
nhu mé men lai, goc 14i, gia tbc ngang, van toc xoay than xe, do rung..., két hop voi phan
hoi chu quan tir nguoi 1ai thir.

Cac muyc tiéu nay yeu cau quy trinh thir nghiém dugc thiét ké c6 hé thdng, bao gém
thtr nghiém m6 phong s6 SBEM, thtr nghiém m6 phong trong vong lap MIL, thir nghiém
phan mém trong vong lap SIL, thu nghiém phan cimg trong vong ldp HIL va thtr nghiém
thuc té (On-Road/Track testing) dé xac thuc két qua.

4.1.3. Luwa chon phwong phap thir nghiém
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Noi dung nghién ciru ctia luan an 1a trong giai doan qua trinh nghién ctru va phat trién
san pham vé xay dung dudng dic tinh tro lyc l4i 1y tuong va diéu khién hé thong lai tro
lyc dién EPS. Do véy, tu cac phan tich trén luén an lya chon phwong phap thir nghiém mé
phong s6 SBEM két hop v6i thir nghiém mé phong trong vong lap MIL dé kiém nghiém
mo hinh 1y thuyét, kiém nghiém bo diéu khién va danh gia cam giac lai voi dudng dic tinh
tro luc 14i da dugc xay dung. St dung két hop phdn mém mo phong Matlab/Simulink két
hop v&i phan mém thir nghiém mé phong CarSim.

4.1.4. Gi6i thiéu phan mém thir nghiém mé phéng CarSim

CarSim la phdn mém mo phéong va thir nghiém ao chuyén dung cho nghién ctru dong
hoc va dong luc hoc 6 t6, do Mechanical Simulation Corporation - My phat trién. CarSim
duoc xem 13 mot trong nhitng céng cu chudn muyc trong hoat dong nghién ciru va phat
trién R&D 6 t6 hién dai nhd kha nang tai tao chinh xac hanh vi van hanh cta phuong tién
trong nhiéu diéu kién khai thac thyuc té, tir cac tinh hudng van hanh thong thudng dén cac
kich ban bién co tinh khat khe phyc vu danh gia an toan va hiéu nang [204]. Vo1 dinh
huéng “mo phong gan thuyc t&” va kha ning tao lap kich ban thir nghiém c6 ciu truc,
CarSim d3 tro thanh nén ting quan trong trong quy trinh phat trién hé thong diéu kh1en va
danh gid dac tinh dong luc hoc xe, dac bi¢t trong cac nghién ctru lién quan dén 6n dinh
chuyén dong, chat luong dicu khién, va cam giac 14i.

Bén canh m6 phdng ban than phuong tién, CarSim con dugc danh gid cao nho kha
nang tich hop linh hoat véi céac nén tang k¥ thuat khac, dac biét 1a Matlab/Simulink [205],
cling nhu cac moi trudng trién khai phuc vy thir nghiém hé thong. Thong qua co ché ghép
ndi moé hinh va trao d6i tin hiéu vao/ra theo thoi gian, CarSim c6 thé hoat dong nhu mo
hinh d6i tuong dang tin cdy cho qué trinh phat trién thuat toan diéu khién. Nho vay,
CarSim dugc sir dung rong rai trong thir nghiém phan mém ‘trong vong lap SIL va thu
nghiém phan cing trong vong lap HIL, nham kiém chimg, t6i wu va xéac thuc cac thuat
toan diéu khién dién tir trén 6 t6 nhu chéng bé cing phanh ABS, can bang dién tir ESP
hodc trg luc 141 dién EPS trong méi truong 4o c6 do tin cdy cao. Cach lam nay giup giam
dang ké rai ro k¥ thuat trude khi thir nghiém trén xe that, dong thoi cho phép danh gia
nhanh nhleu kich ban, ké ca céc truong hop kho hodc khong an toan khi tai hién truc tiép
trong thuc té.

4.2. XAY DUNG MO HINH THU NGHIEM MO PHONG BONG LUC HOC VA
DIEU KHIEN HE THONG LAI TRO LUC DIEN

Thong s6 k¥ thuat ciia mo hinh “xe thir nghiém” va thong s k¥ thuét cta cac tong
thanh trén xe déng nhat hoan toan véi thong $6 ky thuat dugc lya chon lam doi tuong
nghién ctru trong Chuong 3. Céc thong sd k¥ thuat chinh ciia mau xe nay dugc trinh bay
chi tiét trong Bdang PL1.1, PLI.

4.2.1. Xay dung mo hinh 06 t6 thir nghiém trén Carsim
4.2.1.1. Cai dit thong s6 “Xe thir nghiém”

Luan an thiét 1ap va cai dat thong sd co ban ciia d6i tugng nghién ctru nhu Hinh 4.1
va Hinh 4.2.
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Hinh 4.1. Giao dién lwa chon “Xe thir nghiém”

Echo file with initial conditions

1
Height for z
animator 4
1450 o Lateral coordinate of sprung
— mass center, unladen
i or
animator = 1400 »|
1880 Y 6 Mass center of sprung mass, unladen
'7_._ 530 |
Left Right A [ Left Right & | |
320 320 I 300 300 1
£ < 4 Y v
Sprung mass
coordinate system | 3050 -

All dimensions and coordinates are in millimeters

The inertia properties below are all for the sprung mass, unladen At

Sprung mass: 1650 kg Edit radii of gyratior
Roll inertia (bod: 928.1 kg-m2 R 0.750 m
Pitch inertia (lyy): 2788.5 kg-m2 Ry: 1.300 m
Yaw inertia (1zz): 3234.0 kg-m2 Rz 1.400 m
Product (Ixy): 0 kg-m2  Inertia and radius of gyration are
Product (ha): 0 kg-m2 related by the equation: | = M*R*R
Product (lyz): 0 kg-m2 Radii must be specified with numbers;

formulas are not supported
Hinh 4.2. Thong sé ky thudt co bén ciia “Xe thir nghi¢m”
4.2.1.2. Cai @it thong sb cac hé thong cia “Xe thir nghiém”

Thong s6 ky thuat cua cac h¢ théng: hé théng truyén luc; hé théng lai; hé théng
phanh; hé théng treo trudc, hé théng treo sau; banh xe, thong s6 nhu Bang PL1.1, PLI,
hinh anh cai dat minh hoa nhw Hinh PL1.1, PLI.
4.2.1.3. Cai dit dau vao, diu ra ciia “Xe thir nghi¢m”
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Mo hinh trong CarSim cho phép cai dit 1én dén gan 400 tin hiéu dau vao cho mo
hinh va do luong dén hon 1000 cac tin hiéu dau ra. Cac luya chon dau vao dau ra duge
thiét 1ap trong ctra s6 phan mén Carsim nhu Hink PL1.2 va PL1.3, PLI. Trén co s& muc
ti€u nghién ctru, luan an lya chon 03 tin hiéu dau vao ctia méd hinh gff)m: van tdc xe, mo
men l4i, md men tro luc va do dic 35 tin hiéu dau ra nham danh gia dong luc hoc hé
théng 14i, dong luc hoc chuyén dong xe va danh gia cam giac 1ai... Bang cac tin hiéu dau
vao va dau ra xem Bdang PL1.2 va PL1.3, PLI.

4.2.2. Xay dung mo6 hinh 6 t6 thir nghiém tich hgp Carsim-Matlab/Simulink

4.2.2.1 Xay dung mo hinh

Mo hinh thuc nghiém mé phong tong thé “EPS DYNAMICS AND CONTROL
SIMULATION EXPERIMENTAL MODULE INTEGRATING SIMULINK & CARSIM
- MO DUN THUC NGHIEM MO PHONG DONG LUC HQC VA DIEU KHIEN EPS
TICH HQP SIMULINK & CARSIM” dugc thé hién nhu Hinh 4.3. M6 hinh mé phong
bao gém 03 khdi chinh va 01 cong tac lya chon phan hoi mat duong Tr:

Khéi “CONTROLER BLOLK” gém 03 khdi con:

1) MHMP dac tinh trg luc 1ai hé théng 141 trg luc dién (EPS MAP)

2) Mo hinh b diéu khién EPS (PID-FOC CONTROLER)

3) Mo hinh BLH dong co dién (MOTOR DYNAMIC)

Khéi “SIMULINK VEHICLE BLOLK” gém 06 khéi con:

1) Mb hinh xé4c dinh tai trong phan bd 1én banh xe (Load distribution model);

2) Mo hinh BDLH béanh xe dan hoi (Elastic tire model);

3) Mo hinh x4c dinh m6 men can quay vong (Road resistance torque model);

4) M0 hinh BDLH hé thong 1ai EPS (EPS DYNAMIC)

5) Mo hinh PLH chuyén dong cua 6 t6 (VEHICLE DYNAMIC)

6) Mo hinh mé men nhiéu ngau nhién (Random disturbance torque)

Khéi “CARSIM BLOLK”: M6 hinh vat Iy chuan thay thé xe thir nghiém that gém
02 mo6 hinh con:

1) M0 hinh “Xe thir nghiém” CarSim

2) Mo hinh khai thac dau ra “Xe thir nghiém”
4.2.2.2. Nguyén 1y mé hinh diéu khién mé hinh

M6 hinh “EPS DYNAMICS AND CONTROL SIMULATION EXPERIMENTAL
MODULE INTEGRATING SIMULINK & CARSIM” dugc xay dung ciu tric dong mo
phong vong lap khép kin, két hop gitta mo hinh diéu khién dién - co trong méi truong
Matlab/Simulink va mé hinh dong luc hoc 6 t6 day du trong phan mém CarSim. Ciu tric
tong thé dugc chia thanh ba khéi chitc ning chinh: khéi diéu khién, khéi phuong tién
trong Matlab/Simulink va kh6i phwong tién CarSim.
4.2.2.2.1. Khéi diéu khién “CONTROLER BLOLK”

Khéi diéu khién bao gdbm ba phan: Ban dd dic tinh tro luc 14i, bo diéu khién PID-
FOC va m6 hinh dong luc hoc ctia dong co dién.

Tin hiéu vao: moé men lai, van tdc xe va md men can quay dan hudng quy dan tir
CarSim hoac tir mé hinh Matlab/Simulink.

Tin hiéu ra: M6 men tro luc thuc té duoc tao ra bai dong co dién, dong di¢n trén hai
tryc diéu khién i,-is va van toc quay cua dong co.

Ban dd dic tinh tro Iyc 14i xac dinh gia tri mo men tro luc yéu cau theo dic tinh trg
lyc lai ly twong da dugc xay dung trong nghién ciru ly thuyét, sau d6 duoc diéu chinh boi
bo diéu khién dé dat duoc mo men yéu cau thuc té. Mo hinh dong co dién chuyén doi tin
hiéu diéu khién thanh mé men co hoc dua vao truc lai hé thong lai.
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CONTROLER BLOLK CARSIM BLOLK
e >

-1& W<

[ra >+ wimd Too
Trle >|I:I

vs_sf
2 5.9 rasc| M
EPS MAP PID-FOC CONTROLER MOTOR DYMNAMIC n—as] Tmlc

e N
DYNAMIC VEHICLE BLOLK -

Random disturbance
Road resistance torue madal

Faic >|I:l

Faic| o |

A m—]

Elastic lire model L ]

Fzl Fr3c

4 Fa2 Frite. ’1_'?

fen i e
Load distribution mode| R .‘i

< __blac

| )

R > o s<Zlinh w M)

EPS DYNAMIC xe

- . -
OUTPUT

h &
@

A 4
=

= 1
|_ ma] > Td dall

s >
VEHIGLE DYNAMIC B - U
: >

Hinh 4.3. M6 hinh diéu khién EPS tich hgp CarSim-Matlab/Simulink
4.2.2.2.2. Khdi phwong tién trong Matlab/Simulink “SIMULINK VEHICLE
BLOLK”

Khéi nay mé phong cac dac tinh co hoc cua hé thong 141 va toan b xe dudi dang mod
hinh rat gon, bao gom: mé hinh md men can quay dan huéng, mé hinh dan hoi cua 16p,
mo hinh phén bb tai trong dong va mo hinh quan tinh chuyén dong cua than xe.

Tin hiéu vao: M6 men tro lyc thyc t&, md men lai va van toc xe.

Tin hi€u ra: Cac dai luong dong hoc nhu goc quay thén xe, van téc quay, gia toc
quay va goc léch than xe, gia tdc ngang, quy dao chuyén dong xe thir nghiém, cing voi
cac lyc thang duang va lyc ngang tac dung Ién timg banh xe.

Céc khdi phu bén trong trao doi thong tin lién tyc: mo hinh lop cung cap lyc ngang
va luc thang dung cho mo hinh dong hoc than xe; m6 hinh phan bb tai trong diéu chinh
cac luc nay theo gia tdc; mod hinh mé men can téng hop toan bd anh huong nguoc vé hé
thong 14i.
4.2.2.2.3. Khdi CarSim “CARSIM BLOLK”
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Khéi CarSim 1a m6 hinh tham chiéu c6 d6 chinh xac cao, mé phong dong luc hoc
thuc cua xe. Khéi nay nhan mé men trg lyc thuc té tir khdi diéu khién va tai tao toan bd
phan tng cta xe trong khong gian ba chiéu.

Tin hiéu vao: M6 men men 14i, md men trg luc thuc té va vén toc xe .

Tin hiéu ra: Cac gia tri tham chiéu bao gdbm mo6 men can quay banh xe dan hudng,
mo men can quy dan vé truc dong co dién, gia téc ngang, goc xoay than xe, van téc xoay,
lyc ngang, lyc thang dang, quy dao chuyén dong va cac bién trang thai khac.

Cau tric cong tic lya chon md men can (T,) : Gilra khéi CarSim va khoi
Matlab/Simulink c¢6 mot cong tic lya chon mé men can. Cong tic ndy cho phép lya chon
nguén mo men phan hoi tir CarSim hodc tir mé hinh tinh toan ndi bé Matlab/Simulink.
Khi sir dung md men tir CarSim, hé théng phan anh day du dic tinh phi tuyén va diéu
kién mat duong thuc; khi chon m6 men tor Matlab/Simulink, m6 hinh hoat dong ddc lap,
thuén tién cho kiém tra, tinh chinh bd diéu khién trong giai doan thiét ké.
4.2.2.3. Panh gia tinh ning cia m6 hinh “EPS Matlab/Simulink - CarSim”

M6 hinh dugc xay dung theo huong phan tang dong mé phong phan héi kin, dam
bdo phan anh day da mbi quan hé tuong tac giita cac mién dién, co va dong luc hoc
phuong tién. CAu trac md hinh tuan thu nguyén 1y cia mé phong hé théng phic hop, cu
thé:

Tinh toan ven nang lugng: Mo men tao ra tir dong co dugc truyen qua truc lai,
chuyén thanh lyc ngang va gia tc cia than xe, dong thoi mot phan phan hdi nguoc thanh
mod men can; ddm bdo bio toan nang luong co hoc.

Tinh nhan qua vat ly: M6 men lai la nguyén nhan, con chuyén dong cua xe va _phan
hdi mé men 1a két qua. Chudi nguyén nhan - két qua nay duoc duy tri xuyén sudt mo
hinh.

Tinh m6 dun va thay thé linh hoat: Timg khéi duoc dinh nghia 16 dau vao, dau ra, c6
thé thay d6i ma khong anh huéng cau trac téng thé.

Tinh kiém chung: CarSim déng vai tro chuan tham chiéu, cho phép so sanh va hiéu
chinh mé hinh Matlab/Simulink vé mat vat 1y.

Tinh kha dyng thtr nghiém: M6 hinh phu hop véi thu nghiém phan mém trong vong
SIL hodc phan cling trong vong HIL dé kiém tra hé thong 14i dién tir trong diéu kién thyc.

Nho cac diac diém trén, mo hinh duoc danh gia 13 c6 co so khoa hoc viing chac, dam
bao tinh chinh xac, khach quan va kha ning md rong trong nghién ciru diéu khién dién
trg luc lai.

4.3. THU NGHIEM MO PHONG VA PANH GIA
4.3.1. Panh gia kha niing dap vng ciia bd diéu khién
4.3.1.1. Mo hinh d4nh gia ‘ 7 ,

bé danh gia kha nang dap ung cua b diéu khién PID-FOC khi két hop v6i m6 hinh
xe thtr nghiém trong CarSim. Mo hinh di€u khién trong Matlab/Simulink dugc két noi
v&1 mo hinh xe thtr nghiém nhu Hinh 4.4.
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Hinh 4.4. M6 hinh ddinh gid kha ning ddp vmg ciia bg diéu khién PID-FOC

Nguyén Iy diéu khién ciia mé hinh:

Mo hinh “PID-FOC-CarSim” mé phong hé thong diéu khién dién trg luyc 1ai thong
qua su két hop gitra diéu khién dién tu, dong hoc dong co va mo phong dong luc hoc xe.
Hai tin hiéu dau vao 1a m6 men 1ai va van toc xe duoc dua vao khoi EPS MAP. Khoi EPS
MAP xac dinh m6 men tro luc yéu cau (T.,) dua trén quan hé duong dic tinh 1ai 1y
tudng da duoc xay dung trong phan nghién ctru 1y thuyét. Tin hiéu (T.,) 13 thanh dau vao
ctia khdi PID-FOC Controller. Khdi PID-FOC Controller thuc hién didu khién theo
nguyén ly diéu khién tir thong huéng truong FOC. Bo diéu khién PID hai vong 16ng diéu
chinh dong dién truc d-q (ia, iy) nhdam bao dam dong (i,) thanh phan tao m6 men bam theo
gia tri tham chiéu tuong tng voi (Tar), trong khi (ig) duge duy tri gan bang 0 dé t4i wu
hiéu suat va giam ton hao. Khdi Motor Dynamic mé ta mé hinh dong co PMSM cung tai
co khi cuia co cau 14i. M6 men dién tir dugc tao ra tur (iy) tao thanh mo men trg lyc thuc té
(Tuas), duge dua vao mo hinh xe CarSim. Nguogc lai, CarSim tra vé mé men can quay
banh xe dan huéng (7,), phan anh tac dong cta banh din hudng va mit duong 1én hé
thong 14i. Chu trinh phan hoi khép kin nay cho phép mé hinh danh gia truc tiép kha ning
dap tmg ctia bo diéu khién PID-FOC ddi vé6i cac bién dong tai, diéu kién van tc khac
nhau va tin hi€u danh 1ai khac nhau.
4.3.2.2. Panh gia kha ning dap ung ciia b diéu khién

Pé danh gia kha nang dap umg cua b diéu khién PID-FOC, luan an thyc hién thtr
nghiém ba truong hop truyén mo men 1ai gdm: Tin hiéu danh 14i sin (sine); tin hiéu ddnh
1ai doc + budce (ramp + step) va tin hiéu danh 1ai xung (pulse). Ba tin hi¢u lai nay co thé
phan anh dugc toan bo kha nang dap tmg cua bo diéu khlen trong cac truong hop chuyén
huéng dan dan, chuyén lan, danh 1ai gét rdi tra 1ai va ngat mo men lai dot ngot.
4.3.2.2.1. Tin hiéu danh lai sin (sine)

Xe thur nghiém chay dén van tdc 6n dinh, thuc hién tac dung md men lai sSin véi tan
s6 0,2Hz, bién do dinh 4Nm, T, = 4sin((2m/5)t). Két qua thr nghiém nhu Hinh 4.5.
4.3.2.2.2. Tin hiéu danh 13i doc + buéc (ramp + step)

Xe thtr nghiém chay dén van tdc 6n dinh, thuc hién tac dung mé men lai dbc tang tur
0 + 4Nm trong 10s, tiép d6 duy tri m6é mem 1ai khéng d6i trong 5s rdi dot ngdt tha vanh
tay lai dwa mé men lai vé ONm. Két qua thtr nghiém nhu Hinh 4.6.
4.3.2.2.3. Tin hiéu danh lai xung (pulse)

Xe thtr nghiém chay dén van tdc On dinh, thuc hién tac dung m6 men lai xung (0 - 4
- 0)Nm trong 0,3s. Két qua thr nghiém nhu Hinh 4.7.
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Hinh 4.7. KOMP kiém tra dap vng cua by diéu khién voi kich thich xung
4.3.2.2.4. Danh gia kha nang dap &ng cia b diéu khién

Duya trén ba nhom d6 thi danh 1ai sin, doc+budc va xung), bd diéu khién PID-FOC
thé hién kha ning bam mé men tro luc theo yéu cau (Tuy — Tuas) mOt cach 6n dinh, chinh
xéac va phu hop véi Iy thuyét diéu khién dinh hudng tir thong.

(1) Kich thich sin (sine). O cac d6 thi nhu Hinh 4.5 (a,c) thé hién cac gia tri theo
thoi gian, (T - d0) bam sat (Tuy - xanh) véi sai 1éch tinh gan nhu bang khong; bién do
va dang song khdp tdt, chi xuét hién mot do trd pha rat nho ding v6i1 dac tinh vong dong
ctia bo diéu khién. D6 thi nhu Hinh 4.5 b,d,f cho thdy quan hé Tuus-Ty 14 don diéu, muot,
khong c6 dao dong hay tré vong dang ké; sai khac c& rat nho (thang 10°* = 106 Nm),
chtng t6 do chinh xac theo ddi cao. Dong (i;) dao dong ddng pha véi moé men; iy = 0,
phtt hop chién luge FOC t6i wu ton hao.

(2) Kich thich déc + bwéc (ramp + step). O mic dbc, (Tus) ting tron tru va khong
cO rung l4c; khi gap budc 16n, hé nhanh chong dat gia tri méi voi qua diéu chinh nhé, sau
d6 6n dinh. Khi téi ving mé men 16n, cac d6 thi nhu Hinh 4.6 (b,d,f) biéu hién udn cong
dic trung do gidi han dong/dién ap va bio hoa md men (~30 Nm), nhung hé van duy tri
on dinh nho co ché anti-windup 1a co ché “tir bao v&” clia bo dieu khién PID khi gap gi6i
han vat ly, giap hé thong EPS trong mé hinh 6n dinh, chinh x4c va phan tmg nhanh ngay
ca khi m6 men yéu cau vuot ngudng lam viéc cua dong co. (i) dat gioi han r0i gitr hang,
con (is) van bang 0. Dleu nay ching minh bo diéu khién xir 1y t6t trang thai bio hoa ma
khong gay tich liiy sai s6 hodc dao dong.

(3) Kich thich xung (pulse). Hinh 4.7 thé hién véi xung hep, (Tus) tai tao dinh mo
men sac neét va tat dan nhanh, khong c6 dao dong du; (iy) xuat hién xung tuong ng, con
(iz) van duoc khong ché vé khong. Pap Ung nady xac nhan tbc d6 vong dong cao va bu
ghép chéo hiéu qua, cho phép theo ddi bién thién nhanh ctia mé men.

Nhuw viy: O ca ba kich ban, PID-FOC dat: (1) Bam theo (7.) Vi sai s6 khong dang
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ké; (2) On dinh va kiém soat bdo hoa tt khi nhu cau 16n; (3) Phan kénh d-g diing nguyén
1y (i,) tao mod men, iy = 0. Cac quan sat nay nhat quan véi md hinh vong dong - FOC,
khéi EPS map dit 1énh hop 1y va ghép CarSim cung cap tai thuc (77) dé kiém chung tinh
vitng. Vi vay, két qua ching minh bo diéu khién dép tng muc tiéu: Nhanh, chinh xé4c, 6n
dinh va tin cdy trong cac diéu kién kich thich dién hinh cta hé EPS.

4.3.2. M6 phéng kiém chirng dong lirc hoc va thir nghiém danh gia cam giac lai

Trong muc nay, théng qua cac bai thir nghiém cam gic 1ai dé thyc hién dong thoi
hai muc ti€u bao gff)m: Mot 1a kiém chirng do chinh xac dong luc hoc thong qua so sanh
giita mo hinh xdy dyng trong méi truong Matlab/Simulink va mé hinh tham chiéu
CarSim. Hai 1a danh gia cam giac lai cua hé thong 1ai EPS va tinh phu hop cta ban dd
dac tinh tro lyc 14i dé xuat.
Dé thyc hién muc tiéu 1 can danh gia tuong déng vé thong ) dong luc hoc. bé thuc
hién muc tiéu 2 can danh gia cam giac lai thong qua cac chi tiéu dinh lwong khach quan
tir d6 mé ta chu quan téng thé vé cam giac 1ai va tinh phu hop ctia ban dd dic tinh tro luc
1ai.
Cac bai thir nghi¢m duoc thiét ké nhim tai hién toan bo dai trang thai hoat dong cua
hé thong 14i, bao gdm cac tinh hudng l4i dién hinh trong thuc té&. Mdi bai thir duoc thuc
hién d6ng thoi trén hai mo6 hinh 1a mé hinh Matlab/Simulink va mé hinh CarSim.
Cian cr va tiéu chuan ISO va GB/T luan an lua chon cac bai thu nghiém dugc tién
hanh theo sau nhom chinh, phan anh day du dac tinh cam giac 14i ciia nguoi diéu khién:
1) Thir nghiém xir Iy trung tdm (On-centre handling test): Panh gia do tuyén tinh,
d6 nhay va tinh 6n dinh cta hé thong 1ai quanh vi tri trung tam;

2) Thu nghiém tin hiéu xung (Pulse input test): Panh gia phan tng dong hoc nhanh
va d6 6n dinh khi hé théng chiu tac dong ngan han;

3) Thir nghiém kha ning tra 1ai (Returnability test): Panh gia kha nang tu hdi vi clia
vanh tay 1ai va do on dinh quy dao sau khi tha tay l4i.

4) Thir nghiém chuyén trang thai (Transition test): Panh gia kha ning phan tng cta
hé théng khi thay doi trang thai chuyén dong;

5) Thu nghiém quay vong tai chd (Steering effort test at standstill): Panh gia mé6
men can va cam giac lai khi van toc xe bang khong hoic nho hon Skm/h;

6) Thu nghiém tin hiGu budc (Step steering input test): Danh gia kha nang dap tmg
tire thoi va d6 qua diéu chinh cua hé thong;

Xe mdu thiv nghiém siv dung bin do dic tinh tre lwc ldi Iy twéng loai phi tuyén,
phong cach ldi thodi mai.

Chii y: Pé phan biét két qua gitta mé hinh Simulink va mé hinh CarSim, cdc do thi
va gid tri thé hién két qua dwoc quy wéce: (1) mau “Po” la Simulink, mau “Xanh” la
CarSim; (2) Ky hiéu c¢6 hdu t6 “s” la Simulink, hdu té6 “c” la CarSim.
4.3.2.1. Thir nghiém danh gia cam giac lai xir ly trung tam (On-centre handling test)
4.3.2.1.1. Muc dich, phwong phap, xir 1y s6 liéu thir nghi¢ém
4.3.2.1.1.1. Muc dich

Phuong phap thu nghiém danh gid cdm giadc lai khu vuc trung tam (On-centre
handling test) duoc quy dinh chi tiét trong tiéu chuan ISO 13674-1 [172] va tiéu chudn
GB/T 6323-2014 [119], GB/T40509-2 [180]. Muc tiéu ctua phép thir nay la danh gid dinh
lwong cam giac 1ai ving trung tdm va tinh 6n dinh diéu khién khi xe chay thang ¢ tc do
cao. Day la bai thtr mo ta hanh vi 1a1 “vi m6” khi nguoi 141 thuce hién dao dong nho quanh
vi tri trung tdm ctia vanh tay lai, nham:

- Xac dinh d6 nhay, do tuyén tinh, ma sat noi tai va tré phan hoi trong h¢ théng lai
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co khi va EPS.

- bBanh gia tinh phu hgp cta ban dd dic tinh tro luc lai EPS trong vi€c tai tao cam
giac trung tam: “rd rang, muot ma, khong rit”.

- La co s& dé tinh chinh tham s6 mo men trg luc, 0 déc mé men tro luc giip can
bang gitra do nhe va do chac cua tay li ving trung tam.
4.3.2.1.1.2. Phwong phap

- Trang thai ban dau cta bai kiém tra 13 tién hanh l4i xe trén duong thang véi van toc
khong d6i, van tdc tiéu chuan cia xe cho bai kiém tra 1a 100km/h. Ciing c6 thé s dung
van téc 100km/h 1am chuan dé ting hodc giam van tdc 6 to thir nghiém, khoang cach ting
giam la 20 km/h.

- Pau vao vanh tay lai trong qud trinh thir nghiém 1a goc lai zic zac (weave test)
hoic dang dau 1a song hinh sin hodc tam giac. Gia tri tham chiéu cia tan s6 dau vao vanh
tay 1ai 12 0,2Hz va d6 1éch tan s khong duoc vuot qua + 10%. Bién d6 cia goc quay dau
vao phai du dé lam cho gia tde ngang cuc dai cua xe dat gia tri tham chiéu va do 1éch cuc
dai cho phép 1a +10%. Pé thu dugc dit liéu thr nghiém t6t khi gia téc ngang 1a 0,1g
(1m/s?) va dam bao pham vi hoat dong cua xe va cac hé thong con cta nd vuot qua ving
tré, gia tri tham chiéu cta dinh gia tdc ngang 1a 0,2g (2m/s?) hoic 16n hon nhung khong
qua 0,4g (4m/s?).

- Trong toan bd qua trinh thir, bién d6 goc cua vanh tay l4i va véan toc goc khi di qua
khu vyc trung tam phai dugc gitr cang 6n dinh cang t6t. Voi muc dich dam bao vén tbc
doc cua xe nam trong pham vi quy dinh, su thay d6i vi tri ban dap ga phai cang nho cang
t6t. Su thay d6i van toc 6 t6 trong doan dir liéu dugc st dung dé phan tich dir liéu khong
dugc vuot qua + 3% van tdc 6 to thir nghiém.
4.3.2.1.1.3. Do ghi va xir ly s6 liéu thi nghiém

Cac thong s6 do luong: Thoi gian thir nghiém, van téc thir nghiém, goc 1ai, goc quay
banh xe dan huéng, mé men 1ai, mé men tro luc, van téc goc xoay than xe, gia toc ngang.

Céc sb liéu thu nghiém dugc xur 1y, tinh toan va danh gia cac chi ti€éu nhu trong

Béang 4.1 va 4.2. Trong do:
dry

Theo chiéu duong (d4nh 14i phai qua trai): K, = y
$d —Pdmax~Pdmax
Theo chidu am (d4nh 1ai trai qua phai): K,, = ¢

d¢a Pdmax~—Pdmax

Theo chiéu duwong (d4nh 1ai phai qua trai): Kpo Z‘i
pq=0
Theo chidu 4m (d4nh 1i trai qua phai): K, = =4
dealp,=0
K, X =0 i—Y)
K, =23 R = ====re ey Ay, = $y(O)dx(t)

Kn VI DT 0=
y(t), x(t)- tin hi¢u trén truc tung va truc hoanh cﬁa duodng déc tinh

Theo chiéu duwong (d4nh 1ai phai qua trai): Sp

d(pd ~Pdmax~Pdmax

Theo chiéu 4m (d4nh 14i trai qua phai): S,

d(pd Pdmax~—Pdmax
dy . dl/)

de
da

de
day, a

GTO GTl

Ulg,=0 ~01g “¥0 = o 9a=0 VI arly,g
4.3.2.1.2. Thir nghiém va danh glzi két qua thir nghiém
4.3.2.1.2.1. Thir nghiém
Ttr quy dinh trén, luan an thyc hién mo phong: van tbc v = 100 km/h; md men 14i

song sin va4i1 tan so6 danh 141 0,2Hz, gi4 tr1 dinh song mé men dam bdo tao ra gia toc ngang
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cua xe dat dinh 0,2g. Két qua thur nghiém do duogc thé hién nhu Hinh 4.8 dén Hinh 4.11.
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Hinh 4.8. KOMP Bai thu nghiém xuw ly trung tam

a. M6 men theo thoi gian; b. Géc ldi; ¢. Dich chuyén thanh rang; d. Géc quay banh xe
dan hieong; e. Gia toc ngang; f. Van toc xoay thén xe.

Bang 4.1. Bang so sanh KOMP xw ly trung tam Simulink va CarSim

Tham sé Pon vi RMS(x) o Max x| i
Parameter Unit Simulink CarSim Sai lech Simulink CarSim Sai lech
Error Error
Time (s) 5,774 5,774 0,00% 10,000 10,000 0,00%
T4 [Nm] 2,270 2,270 0,00% 3,210 3,210 0,00%
Q4 [°] 10,131 10,444 3,00% 16,636 16,864 1,35%
Vy [mm] 1,567 1,529 2,41% 2,683 2,591 3,45%
5f [°] 0,609 0,637 4,30% 0,980 1,028 4,63%
a, 9] 0,120 0,120 0,72% 0,198 0,204 2,90%
P [°/s] 2,437 2,408 1,17% 4,001 4,211 5,00%

Nhin xét vé tinh twong dong div liéu theo thoi gian: Tt Hinh 4.8 va Bang 4.1 ta
thdy, Két qua mo phong giita Matlab/Simulink va CarSim trong thtr nghiém diéu khién
quanh vi tri trung tdm cho thay mic d6 twong dong rat cao, ca vé gia tri dinh luong va
dang dap tmg dong hoc. Cac gia tri RMS va cuc dai cua moé men lai, goc vanh tay lai, gia
tdc ngang va téc do quay than xe gitta hai phan mém c6 sai 1éch rat nho, dao dong tir 0%
dén 5%. Cu thé, sai 1léch RMS cua cac thong s6 déu nho hon 3%, trong khi sai I¢ch cuc
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dai chi dudi 5%, phan anh tinh nhat quan cao ctia hai mo hinh. Piac biét, thoi gian dap
ung hoan toan trung khép, ching to6 ca hai mo hinh c6 cung déc tinh dong hoc va khong
xuat hién d6 tré. Két qua nay khing dinh mé hinh Matlab/Simulink c6 d6 chinh xac
tuong dwong CarSim, du do tin cdy dé sir dung trong phan tich cam giac lai va danh gia
d6 6n dinh diéu khién cua xe.

Phan tich cac chi tiéu danh gia cam giac lai trung tim duoc thé hién nhu Hinh 4.9 d&én 4.11.
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Hinh 4.9. KOMP Danh gid cam gidc lai xv ly trung tim
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= ©
% ® |Torgue dead band
@ Yaw deadband\ a Torque dead banc
C] \.\ d
i . [h) 0 L
uJ -+~
= 0 Yaw gain vs SWA ©
= On-center (+/-) =
= = Yaw gain vs Torque
ﬁ > On-center (+/-)
5 ' 4 2 0 2 4
-20 -10 0 10 20 ) 5

Steering wheel angle [Deg]
c. Bdc tinh -4

Steering Torque T d [Nm]
d. Ddc tinh {-T

Hinh 4.11. Phén tich cam gidc lai trung tam cdc ddc tinh khdac
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Bang 4.2. Bang so sanh chi tiéu cam gidc ldi trung tam Simulink va CarSim
a. Pac tinh m6 men lai theo goc ldi (Steering torque versus Steering wheel angle)

TT Tham so Ky hiéeu  Ponvi Gia tri/Values  Sailéch
No Parameter Symbol Unit  Simulink CarSim  Error
L oo positney K [Nm/9 01051 01123 640%
2 iy seiimese g Ko [Nm/1 01051 01123 640%
S e e oatong Ko [Nm/9 03646 03322 891%
b Qo mSeE VR g o e osm
5 ?:S;fnkﬁzt‘i;‘r’;‘fg% Kropwnd - 10000 09999  0,01%
6 Mf’(g‘;zlﬁadiitd}éifg“g [T/] [Nm] 16969 15752 7,18%
7 (L?;i“aif:g\;‘v‘f;ﬁ& [Apweswal [Nm. 9 61,6654 588176 4,62%
8 M men lai 16n nhat [Tumed ~ [Nm] 32100 32100 0,00%

(Maximum torque)
9 (Maxifnolfnlqa; tlg;;};a;ngle) [@ama] [1 166275 164750 0,92%
Hé s6 tuyén tinh R?-chiéu dwong
(Linearity R*-positive)
Hé s6 tuyén tinh R?-chiéu am
(Linearity R*-negative)
b. Pic tinh gia toc ngang theo géc lai (Lateral acceleration vs Steering wheel angle)

10 [R?](+) - 0,9898 0,9929 0,31%

11 [RY](-) - 0,9898 09929 0,31%

TT Tham s6 Ky hiéu P.vi Giatri/Values Sailéch
No Parameter Symbol Unit Simulink CarSim Error
Vung chét gdc l4i tai gia tdc bang 0 ) )
1 (Response angle deadband at ACC = 0) [9alay(OD] 19 3,3996
2 Vung chét gia toc ngang tai goc 1ai bang 0 [a,(0a(0)]  [g] ) 0,0305 )

(Lateral acceleration deadband at SWA =0
Dién tich vong ldp

3 (Loop area) Aaceswal - 19. - 09724 -
Hé s6 tuyén tinh R?-chiéu dwong 2 0
4 (Linearity R*-positive) [RZ1C+) 1,0000 10,9999 0,01%
A N ~ ’ 2_ A A
5 Hé so tuyén tinh R*-chiéu am [R2]( —) i 1,0000 0,9999 0,01%

(Linearity R*-negative)

c. Pic tinh m6 men 14i theo gia toc ngang (Steering torque versus Lateral acceleration)

TT Tham sd Ky hiéu  Ponvi Gia tri/Values S.1éch
No Parameter Symbol Unit SML CarSim  Error
A X A ) T
1 D tre mé men lai TaleyOD] iy 16960 15752 7,18%
(Torque hysteresis)
A x . N T
2 Do tré gia toc ngang lay(TaOD] ) 0,019 01076 530%

(Lateral acceleration hysteresis)
Do d6c mo6 men lai tai gia téc bang
3 0 m/s?-chiéu dwong Gro(+) [Nm/g] 30,5264 28,5964 6,32%

(Torque gradient at 0-positive)
Do d6c mo6 men lai tai gia tdc bang
4 0 m/s?-chiéu am Gro( =)
(Torque gradient at 0-negative)

[Nm

30,5265 28,5947 6,33%
/(9]
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Do d6c mo6 men lai tai gia tdc bang
5 0,1g-chiéu dwong Gri(+) [Nm/g] 16,9517 17,8450 5,01%
(Torque gradient at 0,1g-positive)
Do d6c mo6 men lai tai gia tdc bang
6 0,1g-chiéu &m Gri(—=) [Nm/g] 16,9517 17,8450 5,01%
(Torque gradient at 0,1g-negative)
Dién tich vong lap

7 (Locp aren) Aaiacd [Nm.g]l 07329 07592 3,45%
g He S6(5‘;§f:r§i;};{1§_;g};iiﬁ?]g“"“g [R2](+) : 09375 09164 2,25%
9 He Eﬁﬁgﬁfﬁ;‘g? rl?:g;};:‘f:)am [R2](-) . 09375 09165 2,25%
10 (Piijlfljaigec (()j? liactgia%i;ctc{)ecler;gaiinogn) [2yma] Lg] 0,1976 0,1987  0,52%
11 Gia tri cwc dai cia mo6 men lai [T imas] [Nm] 3,2100 32100 0,00%

(Peak value of steering torque)

d. Van tdc géc xoay than xe theo goc 13i (Yaw rate versus Steering wheel angle)

TT Tham sd Ky hieu Donvi Giatri/Values Sailéch
No Parameter Symbol Unit SML CarSim Error

P nhay goc xoay than xe theo goc 1ai tai tam

1 (Yaw gain vs SWA on-centre) Gpo (/)77 02405 02198 8,60%
Iy el o omw
; Vinachtgicoom bin el o)) g - s
4 D oo a4 [Ayawswal [(7).9 - 149210 -
S ey e IO 10000 09997 o
6 Hé s6 tuyén tinh R?-chiéu Am [R2]( =) i 1,0000 0,9997 0,03%

(Linearity R*-negative)

e. Van tdc géc xoay than xe theo mé men lai (Yaw rate versus Steering torque)

TT Tham sd Ky hiéu Pon vi Gia tri/Values Sai léch
No Parameter Symbol Unit Simulink CarSim  Error
b6 nhay géc xoay than xe theo mo
1 men lai tai tm Gyr  [(Ys)/(Nm)] 0,6369 0,6003 5,75%

(Yaw gain vs Torque on-centre)
Thoi gian tré géc xoay than xe va mo

2 men lai [Ty/swil [s] 0,3394  0,3450 1,63%
(Yaw rate - Steering torque time lag)
Vung chét mo6 men lai [T (0))] 0
3 (Torque deadband) [Nm] 1,6969 1,5752 7,18%

Dién tich vong tré

4 (Loop area) [Ayawswe] [(Ys).(Nm)] 14,8305 14,6913  0,94%
Hé s6 tuyén tinh R?-chiéu dwong 9 0
5 (Linearity R%-positive) [R7](+) - 0,9999 09992 0,06%
A N ~ ’ 2_ A A
6 Hé s6 tuyén tinh R*-chiéu am [R?](—) ) 09999 09992  0,06%

(Linearity R*-negative)

4.3.2.1.2.2. Pdnh gid két qud thir nghiém
a. Nhin xét vé tinh twong dong dir liéu danh gid cam gidc ldi

Duéi diéu kién bai thar nghiém xur 1y 14i trung tim, hai mé phong Matlab/Simulink
va CarSim cho mic twong dong cao. Trén dd thi do tré giita (SWT-SWA, ACC-SWA,
Yaw-SWA, SWT-ACC), bién do va pha gan tring; nhanh ting/giam bam sat nhau, chiing
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minh hanh vi gan tuyén tinh quanh vi tri trung tim. Pinh luong: Gi tri d6 cung trung
binh (+/-) sai léch ~6,4%; gia tri d0 nhay tai trung tam sai 1éch 8-9%; hé sb bat ddi xung
~ 1,00 6 ca hai m6 hinh. Dién tich vong lap (SWT-SWA) chénh ~4-5%, phan anh d¢ tré
nho va nhat quan. Do nhay mé men theo gia tbe ngang léch ~6,3%; Vung chét gia toc
ngang tai mo men lai bang 0 1éch ~5,3%, déu & muc thap. Cac cuc tri dong nhat: | Tima| =
3,2INm trung khép; |@ymar| chénh ~0,5%. B nhay gbéc xoay than xe theo goc lai ¢
Matlab/Simulink thép hon ¢ CarSim (~8,6%) va CarSim thé hién tré nhoé ~ 0,057s, c6 kha
ning do moé hinh 16p/dd véng than va ma sat EPS trong Matlab/Simulink chi tiét hon.
Téng thé, Matlab/Simulink tai hién chinh xac dong luc hoc ngang va phan hoi lai cua
CarSim; céac sai 1éch con lai nho, c6 thé quy cho khac biét giai toan va tham sd hoa
16p/trg luc, do d6 mé hinh Matlab/Simulink du tin cdy cho phén tich thir nghiém xir 1y 1ai
trung tAm va toi wu cam giac 14i.

b. Pdnh gid cam gidc 1di tir chi tiéu khdch quan dén mé ta chit quan

So sanh cac gia tri trong Bang 4.2 voi Bang 2.3, cho thay:

- Po cung 1ai trung binh (0,1051 + 0,1123) [Nm/ 9, d6 cung 14i tai goc lai bang
khong (0,3322 + 0,3646) [Nm/ 9, nam can dudi cia ving gié tri 1y tuong do vay s& cho
cam giac lai nhe nhang, thoai méai ma van dam bao d6 chinh xac.

- D6 ddc mod men 14i tai gia tbc bang khong (28,5964 + 30 ,5264) [Nm/g], d6 doc
mo men l4i tai gia toc 0,1g 13 (16,9517 + 17,8450) [Nm/g], nim trong vung trung binh
thién cao cta ving gia tri Iy tuong, do vdy gitp cam giac l4i chic chan va 6n dinh nhung
khong ndng.

- Do nhay géc xoay than xe theo goc 14i tai tam (0,2198 + 0,2405) [(%s)/ 9, do
nhay goc xoay thén xe theo m6 men lai tai tim (0,6003 + 0,6369) [( [(Ys)/ ‘1 déu nam
trong ving trung binh cta ving gid tri 1y tuong, diéu nay thé hién phan hoi truc tiép,
nhay va chinh x4c nhung khong qué nhay.

- Thoi gian tré goc xoay than xe theo goc 1ai 0,0570 [s], 1a rat nho so voi gia tri cho
phép, do vay cam giac diéu khién lién mach va phan hdi nhanh, cam giac 1ai linh hoat,
phan g tuc thoi.

-Hé sb tuyén tinh R? gén 1 tinh dy doén tbt, cam giac diéu khién chinh xac va dang
tin cdy. D6i ximg trai/phai rat tot, tay 1ai khong ning 1éch bén.

- M6 men ma sat hé théng (1,5752 =+ 1,6969) [Nm], dién tich vong tré (58,817 +
6 61,6654) [Nm. 9, ving chét goc 14i tai gia toc bang khong 3,3996 [. 9, cac gia tri nay
sat can trén cua vung gia tri ly tuong, do vay s€ con ngudng dinh nho m6é men ma sat
khién xe phan hoi cham nhe khi ddo chiéu rat nho. Thoi gian tré goc xoay than xe va mo
men lai (0,3394 + 0,3450) [s] con kha 16n.

c. Pdanh gid tinh phit hop bin dé dic tinh tro luc ldi C-EPS

Phu hop tf)ng thé: Ban d6 dic tinh tro luc 1ai cho cam giac nhe, ém diu, tuyén tinh,
dbi ximng tot.

Piém can cai: (1) giam ngudng luc khoi dong quanh 0 (1,6 Nm); (2) giam thoi gian
tré gbc xoay than xe theo md men (~0,3394+0,345s dat muc tiéu <0.25 s).
4.3.2.2. Thir nghiém danh gia cam giac lai vai tin hiéu xung (Pulse input test)
4.3.2.2.1. Muc dich, phwong phap, xir 1y s6 liéu
4.3.2.2.1.1. Muc dich

Thir nghiém dénh gia cam giac 14i v6i tin hiéu xung dung dé danh gia kha ning phan
ung dong luc hoc cua hé théng lai va than xe khi chiu mot xung goc lai ngén han. Muc
tiéu 1a xac dinh tinh 6n dinh va kha niang kiém soat huéng chuyén dong cia xe trong qué
trinh xe chiu mot kich thich ngin va sau d6 trd lai trang thai on dinh. Phuong phap kiém

134



tra dugc trinh bay trong tiéu chuan GB/T 6323-2014 va ISO 7401:2011.
4.3.2.2.1.2. Phwong phap thir nghiém

- Xéc dinh tdc do thir bang khong 16n hon 70% toc do tdi da cua xe, lam tron dén
boi s6 10, nhung khong vuot qua 120 km/h.

- Xac dinh trudc goc 1ai: Chon goc lai twong tGng véi bién do gia tbc ngang dat 0,4¢
(4,0 m/s?).

- Thyc hién thir: Xe chay thang v6i van toc khong doi, nguoi 14i hodc thiét bi ro bt
1ai s& quay vanh tay l4i mot goc tam giac (xung) trong thoi gian (0,3+0,5)s roi tra lai vi tri
trung tam.
4.3.2.2.1.3. Xw ly dir ligu thie nghiém

Thong s6 do luong: Thoi gian thir nghiém, van toc thu nghiém, goc lai, goc quay
banh xe din hudéng, m6 men lai, md men tro luc, van téc goc xoay than xe, gia téc ngang.
Cac dai luong dugc do dac dugce xtr ly va tinh toan tir tin hi¢u do nhu trong Bang 4.4 va
Béang 4.5, trong do:

P(jw) = [ e dt

- Phan tich pho bién d6 va pha (Fourier transform): T .
Dy(jw) = f; pa(t)e 7 tdt
Y(jw)
, ] D4(jw)
- H¢ s6 nhay van toc xoay than xe (yaw rate sensitivity gain):
coy = Gen| o 90 _
~G(1wk) = Togtenl’ a’)k = kwy; wy = 0,2m; n__= 3Hz (k =1,2,...n)

- Tré pha goc 141 va van toc xoay than xe (Phase lag SWA-yaw rate):

a(y) = arg[GGwy)] = arg[¥(w)] - ®a(jw)

|ny(w)|

, Gxx(w)ny(w) .

Trong do6: G,y (w)- Mat do pho chéo (cross power spectral density) gitra dau vao
@q(t) va dau ra P(t); G, (w)- Mat do phd cong suét (auto-spectrum) ciia dau vao @4(t);
Gyy(w)- Mat do phd cong suit cua dau ra Y (t), (T- chu ky dao dong)

- Mitc cong hwdng (Resonant level): D = 2019% (dB)
0

- Ham truyén (Transform function): G(jw) =

- Hé s6 twong hop tin hiéu (Coherence): y?(w) =

Bing 4.3. Bing tham chiéu dinh gid hé sé twong hop tin hi¢u

Gia tri

e pinh g
Yi(w)
1 ~1,0 Tin hiéu d4u vao va dau ra twong quan tuyén tinh manh, dir liéu dang tin cay.
2 0,8-0,9 C6 nhiéu nhé hodc mot phan phan tng phi tuyén (do 18p, tro lwc, ma sat...).
3 0,5-0,8 Quan hé yéu, nhiéu nhiéu hodc dap ¢ng khong tuyén tinh ro rét.
4 <0.,5 Di¥ liéu khong du dé tin ciy, khong nén dung dé tinh dic tinh déng hoc.
4.3.2.2.2. Thir nghiém va danh gia két qua thir nghiém
4.3.2.2.2.1. Thir nghiém

Theo yéu cau trén, ludn an tién hanh thu nghiém: Van tdc 6 tO tai van tdc thép, van
téc trung binh va van tdc cao, v = [10; 50; 100] km/h; mo men lai dang xung kich
thich trong 0,5s, gia tri dinh md men dam bao tao ra gia toc ngang cua xe dit dinh 0,4g.
Két qua mo phong dugc thé hién nhu Hinh 4.12 va Hinh 4.13. KOMP ddy di v =
[10; 50;100] km/h xem Hinh PL4.39 va PL4.40, PLIV.
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Hinh 4.12. KOMP Thur nghiém phdn wng tirc thoi tin hiéu xung tai v = 100km/h
Amplitude (Gain) - Yaw rate per Steering Angle
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Hinh 4.13. Dac tinh pha-tin so va ddc tinh bién do-tin so, v = 100km/h

136



Bing 4.4. Xir Iy 56 ligu mién tan so véi kich thich ldi xung, v = 100km/h
TT Tham so hli(g Pon vi Gia tri
No Parameter ; Unit Values
Symbol
Tan s6 quan tim f [Hz] 050 1,00 1,50 2,00 250 3,00
(Frequency)
Hé s6 nhay van t6c xoay than
xe Gy [(Ys)/q 0212 0,241 0,237 0,166 0,152 0,200

(vaw rate sensitivity gain)
Treé pha géc lai va van téc xoay
than xe

a [ 13,929 32,373 64,720 110,10 9,947 122,11
(Phase lag SWA-yaw rate)
He so t(‘égﬁgr};?z;)m higu 20 - 0998 0987 0976 0941 0857 0,878
Bing 4.5. Két qud diic tinh pha-tin sé va dic tinh bién dp-tin sé, v = 100km/h
TT Tham s6 Ky hiéu Ponvi Gia tri Miéu ta
No Parameter Symbol Unit Values Description
P nhay trang thai Biéu thi d6 nhay xoay thin xe theo goc lai khi xe
gan tinh Ay [1/s] 0,216

& trang thai gan tinh (f ~ 0 Hz). Phan anh kha

(low-frequency gain) nang phan &ng chim, 6n dinh cta hé théng 1ai

Hé s6 khuéch dai bién d6 & tan s6 cong hwdng
Do nhay trang thai fo. Bi€u thi mrc khuéch dai cwc dai ctia van téc
cong hwong 4, [1/s] 0,247 xoay than xe so v&i goc lai khi hé théng dat dao
(Peak gain) déng cong hwdng do quan tinh, d6 cirng 16p va
damping hé théng l4i.
Tén s6 cong hwdng
(Resonant fo [Hz] 1,221 Tén s6 nhdy cam
frequency)
Mtrc cong hwdng Cho biét mirc d6 cdng hwdng, chénh léch gitra
D [dB] 1,151 .o 2 N
(Resonant level) phan &rng ¢ cdng hwéng va phan ng tinh.
4.3.2.4.2.2. Danh gia két qud thir nghiém

a. Panh gid cam gidc 1di tir chi tiéu khdach quan dén mé ta chi quan

1) Bé khuéch dai thap tin Ay

Ap ting manh khi tir 10 dén 50 km/h (= 0,061 d&én ~ 0,216 s™') va 6n dinh téi 100
km/h. Piéu nay cho thay than xe phan (mg nhay hon véi cing bién do goc lai khi téc do
tang, phi hop muc tiéu cam giac o tac dong 1ai khi toc do6 tang. O 10 km/h, Ao nho gitip
tay lai ém diu, tranh qua nhay trong thao tac do xe.

2) Tan s6 céng hwong fy va mire dinh cong hwéng D

O van toc 10 km/h: fo = 2,93Hz véi D = +5,3dB, ¢6 mot ché do dao dong ngfm khi

danh 1ai rat nhanh nhung van tit nhanh.

O van toc 50 km/h: £y = 1,221Hz véi D ~ 0 dB, hau nhu khong c6 khuéch dai cong
huong, dap ung sach.
- O van toc 100 km/h: fy= 1,221 Hz v6i D = +1,15 dB, dinh nho, xe van 6n dinh tot.
Céc thong s trén cho thiy ban d6 dic tinh tro Iyc 1ai va hé thdng co khi, lop kiém
soat cong hudng tét trong ving tde do lam viée; chi con du cong hudng ¢ thap téc quanh
3 Hz.

3) Goc pha tré a(f) , ’
- Trong dai thao tac thuc t€ 0,5+1,5 Hz, goc pha nho dén vua (= 14+66°) & ca ba van

toc, tao cam giac du doan tot. Trén 2+3 Hz, pha tang rd (dac biét & 10 km/h to1 ~165‘;)

nén thao tac danh lai lién tiép rat nhanh s& kém chinh xac hon, ddy 14 dic trung binh
thuong cua dap ung qua do.

4) Dang dap vung theo thoi gian
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- O ca ba van tdc, van téc xoay than xe dat mot dinh duy nhat roi suy tit; gia toc
ngang khong xuat hién chudi dao dong kéo dai, hé sd suy giam téng hop tét, khong c6
rung kéo dai.

Nhan dinh vé cam giac lai: O van téc 10 km/h, tay lai nhe, ém, co thé xuat hién mot
nhip “rung nhe” ngan quanh ~3 Hz khi danh lai rat nhanh. O van toc 50 km/h, trung tdm
tay lai sac, chic, chuyén hudng mach lac, khong doi. O vén toc 100 km/h, 6n dinh huéng
tdt, ddi 1an bam duong, muot; thao tdc cuc nhanh c6 cam giac hoi mém do pha ting
nhung khong gy rung.

b. Danh gia tinh phit hgp ciia ban do dic tinh tro lwc ldi C-EPS

- O van téc thap 10 km/h: phu hop muc tiéu tay lai nhe; con du khuéch dai cong
huong quanh 3 Hz - nén ti uu thém.

- O van tbc trung binh 50 km/h: rat phit hop; 4o cao, khong dinh cong huong, pha
thap, diéu khlen chinh xéc, ém.

- O van téc cao 100 km/h: phu hop; dinh nho, dap ung sach; pha ting gan 2+3 Hz
van trong gidi han chap nhan.
c. Pé xudt tinh chinh bin dé ddc tinh tro lice ldi

1) Dai 0+30 km/h: giam nhe khuéch dai quanh 2,5+3,5 Hz, by loc loai bo dai hep
hodc khau bu pha, giam chan dé ha D vé ~3+4 dB ma khong lam d01 Ao; b6 sung giam
chan 4o phu thudc téc d6 quay vanh tay lai, kich hoat khi van téc goéc lai 16n hon
250+300°/s.

2) Dai 40+80 km/h: gilr nguyén; néu mudn sic hon, thém khau bu pha nhd quanh
1+1,5 Hz dé giam o ~10+15° ma khong tang dinh.

3) Dai 16n hon 80 km/h: 4p dung giam trg luc phy thudc téc do quay vanh tay lai khi
16n hon 350+400°/s dé tranh kich hoat ving ‘pha cao; tang nhe giam chan 4o theo van toc
xe 5%+10% dé tay 1ai dAm hon khi d6i lan rat nhanh.

4) Bl ma sat va vang chét: duy tri mé men mo dau thap, on dinh can ving chét nho
va han ché tdc do thay doi dé dau xung mugt, tranh hién tugng trugt - dinh.
4.3.2.3. Thir nghiém kha nang tra lai (Returnability test)
4.3.2.3.1. Muc dich, phwong phap, xir 1y s6 liéu thir nghi¢ém
4.3.2.3.1.1. Muc dich thw nghiém

Bai thir nghiém danh gia kha nang tra 1ai dugc mo ta trong tiéu chuan GB/T 6323-
2014 va ISO 13674-1, thuc hién nham danh gia:

- Kha ning ty trd vé vi tri trung tim cta hé thong 1ai sau khi tha vanh tay lai.

- Mitc d6 6n dinh huéng va giam dao dong ciia than xe trong qua trinh hoi phuc 14i.

- Tinh nang dong hoc va ma sat ndi tai cuia hé théng lai, ddc biét trong twong quan
vo1 dac tinh tro luc lai EPS.

- Mtic d¢ phu hop cua ban dd dic tinh tro luc 14i & cac dai van tée khac nhau.
4.3.2.3.1.2. Phuwong phap thir nghiém

- Thir téc d6 thap: Xe chay theo duong tron ban kinh khong nhd hon 15 m, diéu
chinh dé dat gia toc ngang a, = 4 + 0,2 m/s2. Sau khi xe On dinh, tha vanh tay 1ai dot ngot
va ghi dir liéu tdi thiéu 4s. Giir nguyén vi tri ban dap ga trong sudt qué trinh. Thyuc hién
ba 1an cho mdi hudng trai/phai.

- Thtr tbc do cao: Ap dung khi xe ¢6 van tbc cuc dai > 100 km/h. Chay ¢ 70 % tbe
do cuc dai, dat a, = 2 = 0,2 m/s?, sau d6 tha vanh tay lai. Ghi dir liu it nhat 4s sau thoi
diém tha. M&i hudng thir ba lan.
4.3.2.3.1.3. Xu ly s6 liéu va dinh gid két qua

Cac thong s6 do luong: Thoi gian thir nghiém, van téc thir nghiém, goc 14i, goc quay
banh xe din hudéng, m6 men lai, mo men tro luc, van téc goc xoay than xe, gia téc ngang.
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Céc s liéu thir nghiém duoc xu 1y, tinh toan va danh gia cac chi tiéu nhu trong Bang 4.7.
Trong do6:

|l/)peak| |l/’0| Y Y l])peakz 0
oc=100% ——F—— ; = max t)—t ;D =- ;€= =
|¢0| lpmax (llp( ) rl) Ypeak1 f V42462
—InD _ ¢peak2 tr+T
—m, =In ( ) E, = lb() — 1/)3| dt (T- chu ky dao dong)
Bang 4.6. Bang tham chiéu ddnh gid hé sé D, &
TT Gia triD Gia tri & Panh gia
No Values Values Evaluate
0,2 0,11 R4t nhay, dé giat
0,4 0,18 Nhanh, thé thao
0,6 0,24 Can bang
0,8 0,29 Em, cao cap
0,9 0,32 Tra 1ai mwot, khong dap va ddi nguwoc (snap-back)
4.3.2.3.2. Két qua va danh gia két qua thir nghiém
4.3.2.3.2.1. Thir nghiém

Theo yéu cau trén, ludn an tién anh thir nghiém do: Véan tbc 6t6 v = 100 km/h; md
men lai dang budc sau khi gia tdc ngang cuia xe dat yéu cau gia tri dinh mo men dam bao
tao ra gia toc ngang cua xe dat dinh 0,2g, gitr gia tri m6 men trong 5s dé xe on dinh rdi
tha mod men lai vé khong tic thoi (budng tay 1ai). Két qua mo phong dugc thé hién nhu
Hinh 4.14 dén Hinh 4.15. KOMP sang phai xem Hinh PL4.43 va PL4.44, PLIV.

a. Torque-Time b. Steering angle-Time

S GJ
E 15 —— Tul N Q_. 20
E —T,[N'm| [}
I~ —— Tx[Nm] ™15
E 10¢ &
@
= E 10
o)
— | L
@ B 2 5
= ()]
=l £
g 9 —a g °
0 10 20 30w O 10 20 30
Time [s] Time [s]
st c. Rack displacement-Time 515 d. Front wheel angle-Time
E 3 S
£ =)
E —_— i feb] i_fi_r‘ [Deg
) : o 17
E 27 2
9 b
@© [
= 205
o \ 2
" =
2 | 2 0
g ol i i T i
0 10 20 30 0 10 20 30
Time [s] Time [s]
e. Lateral acc-Time g f. Yaw rate-Time
7} T
%4 —_— i _Df_r,rl.'_~4||
83
o]
© 2
=
81
0° 0
0 10 20 30 0 10 20 30
Time [s] Time [s]

Hinh 4.14. KOMP Thu nghiém kha nang tra lai khi ldai sang trdi tai v = 100km/h
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4 Characteristics £ and D
r = | pr— T T - T T T
£(D) - tigu chuén
_ O Diémdotirdiligu|

wr 0.8
2
£
2osy
j=1N
E
R 5L X 0.8628
L Y 0.301428
£ .
@
o2}

0 I o L ) L 1 L

05
Decay ratio D
Hinh 4.15. Ddc tinh ¢ - D, khi ldi sang trdi tai v = 100km/h
Bang 4.7. Bang két qua chi tiéu danh gia kha nang tra ldai

0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9

TT Tham s6 Ky ~ Don Gia tr] Pénh gia
No Parameter higu Vi Values Evaluate
Symbol Unit Trai Phai
Thoi gian thir nghiém
(Elapsed time) t [s] 30 30
Thoi diém tha vanh tay lai Thoi diém mé men lai dot
(Steering release time) fo [s] 25001 25001 ngodt bang 0
Goc 14i tai thoi diém tha Xac dinh géc lai dat dwoc gia
(Steering angle at release) o [1 16247 -16,247 toc ngang theo yéu ciu
Van t6c xoay thén xe luc tha . 0 ) To6c do xoay than xe trang thai
(Yaw rate at release) o [7s] 4053 4,053 ban dau
Gia t6c ngang tai thoi diém
tha Cox A
(Lateral acceleration at ayo [g] 0,200 -0,200 Gia toc yéu cau dat duoc
release)
N Thoi gian dap dao dong
T}(lg;t%;?r? (fc?rr?e!;lh t, [s] 2,245 2,245  nhanh, dat chuln cho xe du
& lich ¢& E (theo ISO 13674-1).
biéu kién 6n dinh . 0 Xac dinh thoi diém dat can
(Stability criterion) ¥s  [7/s] 0400 0,400 bang maéi
Thoi lwong duy tri 0 Khoang thoi gian cin bang tdi
Duration time % [7/s] 1,000 1,000 thiéu
(
Van toc xoay than xe sau 3s . 0 i Van toc quay con lai rat thap,
(Remaining yaw rate after 3s) Ay [7s] 0361 -0361 dam bao 6n dinh xoay thén xe.
D5 vwot qud Khong c6 vwot qua, biéu hién
) Vot qua o [%] 0,000 0,000 ddctruwng cia hé thong tra lai
(Overshoot ratio) muot, khong giat.
T6c d6 xoay thin xe max sau A LA A 1A
tha Do [Ys] 0761 0761 D30d0ngnh,hé thong dap
nhanh va chinh xac.
(Peak yaw rate after release)
Tan s8 dao ddne rién Phén 4nh hé théng c6 dé dan
N8 & fo [Hz] 1916 1,916 hoithép, phan rng nhanh va
(Natural frequency) tuyén tinh
Bién d6 dinh dau tién , 0 o1 a o . .
(First peak amplitude) Ypeak  [Ys] - - Thé hién khéng c6 vuot qua
Ty s6 suy giam Hé thdng c6 mirc tat dan vira
(Decay ratio between 2 D [—] 0863 0,863 phai, cadm giac lai ‘s6ng tay’
peaks) nhung van 6n dinh.
Heé sd tat dan twong doi ¢ 5] 0301 0301 Hé théng c6 mikc tat dan vira

(Relative damping ratio)

phai, cadm giac lai ‘s6ng tay’




nhung van 6n dinh.

Tong phwong sai vin toc xoay Nang lwong dao dong thap, xe
than xe Ey [s] 0,144 0,144 on dinh va khéng con dao
(Total yaw-rate variance) dong du sau tha vanh tay lai.
4.3.2.3.2.2. Pdnh gid két qud thir nghiém

a. Pdanh gid cam gidc 1di tir chi tiéu khdch quan dén mé ta chii quan

Hé théng thé hién kha ning tra lai nhanh, muot va 6n dinh. Gia tri & ~ 0,30 ndm
trong dai Iy tuong (0,25+0,35) cho xe hang sang, ddm bao do ‘séng tay’ vira phai.

Khong xuit hién “bat nguoc lai dot ngdt- Snap-back” 1 hién twong vanh tay lai tra
vé qua nhanh va vuot qua vi tri trung tam, sau d6 dao dong qua lai mot hodc vai lan trudc
khi 6n dinh, hay dao dong nguoc chiéu, cam giac vanh tay 1ai ém, tuyén tinh, phan hoi r&
rang ma khong gay kho chiu.

- Thoi gian 6n dinh #- = 2,2s phan anh déc trung cao cip cua dong sedan E-class, cho
cam giac chic, ddm va chinh xac khi tra 14i.

b. Danh gia ban do dac tinh tro luc lGi

Dién giai dinh lugng:

- Hé théng C-EPS cho két qua c=0,30vat,~=2.2s,cho théy ban do dic tinh trg luc
1ai co ty 1¢ phan hodi va giam chan 4o (viscous damping) hop ly.

- bo tuyen tinh md men tro lyc quanh ving trung tdm rat tot, khong c6 hién tuong
bao hoa hodc mat phan hoi.

- Ma sat do (virtual friction) va hé s6 tra 1ai tu dong duogc tinh chinh chuan xac, dam
bao su can bﬁng gitra tbc d6 va d6 muot.

Nhén xét tinh phu hop:

- V6i dong E-class, hé thong EPS duoc t6i wu theo hudng “cam giac cao cip -
premium feel”, trd 1ai mugt, khong rung, khong do vuot qua.

- Céc gia tri do dugc nam trong gidi han hop 1y d3 duoc cong bd trong cic cong
trinh nghién ctru khoa hoc uy tin.

- Ban d6 C-EPS hién tai hoan toan phu hop v61 muc tiéu van hanh ém, 6n dinh va
chinh x4c ciia xe cao cép.
4.3.2.4. Thir nghiém danh gia cam giac lai chuyén trang thai (Transition test)

Xem muc 4.4.3, PLIV.
4.3.2.5. Thir nghiém danh gia cam giac 1ai quay vong tai chd (Steering effort test at
standstill)

Xem muc 4.4.4, PLIV.
4.3.2.6. Thir nghiém danh gia caAm giac 1ai vdi tin hiéu budc (Step steering input test)

Xem muc 4.4.5, PLIV.

4.4. KET LUAN CHUONG

Muc tiéu chinh ciia chwong 4 di dwoc hoan thanh thé hién qua cdc két qud sau:

Pi x4y dung hoan thién mo hinh thir nghiém moé phong tich hop phan mém
Matlab/Simulink va phan mém thtr nghiém ao Carsim. M6 hinh c¢6 kha ning thir nghiém
40 vé danh gia cam giac 1ai va kha nang dap ing cua bd diéu khién. Trén co s& mé hinh
d6, tién hanh thir nghiém mo phong trén xe mau bao gom

- Thir nhat da danh gia kha niang dép ting cua bo diéu khién PID-FOC trong ba diéu
kién kich thich mdé men 14i: sin, ddc + buédc va xung. M6 hinh PID-FOC-CarSim md
phong chu trinh khép kin gitra diéu khién dién, dong hoc dong co dién, dong luc hoc xe,
qua d6 kiém tra kha ning bam mo men yéu cau, 6n dinh dong dién va phan g trong cac
tinh hudng bién thién tai.

- Thtr hai tién hanh sau bai thir cam giac 14i theo tiéu chuan ISO va GB/T: xur ly
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trung tdm, chuyén trang thai, quay vong tai chd, tin hiéu budc, tin hiéu xung va kha ning
tra 1ai. Cac bai thir nay phan anh day du dai hoat dong ciia hé thong 1ai va duoc thuc hién
dong thoi trén ca hai mo hinh dé so sanh dong luc hoc va danh gia cam giac l4i.

Két qud cho thiy:

1. O nhém thir diéu khién. Bo PID-FOC thé hién kha ning bam mo men chinh xéc,
sai s6 tinh gan bang 0, o quéa diéu chinh thap va thoi gian dap Gng ngan. Vi kich thich
ramp + step, hé duy tri 6n dinh ngay ca khi bio hoa mé men nhd co ché “tu bao vé - anti-
windup”; véi xung hep, dap tng sic nét va tat nhanh, chimg to vong dong dién co téc do
cao va bu ghép chéo hi¢u qua.

2. O nhém kiém chung dong luc hoc. Cac két qua dinh lugng gitra hai mo hinh sai
khac nho hon 10%, cic dang séng gan tring nhau, khang dinh tinh twong dong cao.
Trong bai xtr 1y trung tim, sai 1éch RMS ctia md men, goc lai, gia toc ngang chi nho hon
5%, d6 cung va do nhay chénh 6+9%, hé sb tuyén tinh R? =~ 0,99. Bai chuyén trang thai
cho thiy dic tinh gan tuyén tinh, vong tré nho, do nhay va do cung lai sai léch 7+10%.
Bai quay vong tai chd tai hién chinh xac mé men khéi dong, mdé men cuc dai va do ddi
xung, sai Iéch nhd hon 8%, chirng minh mé hinh Matlab/Simulink phdn anh dung ma sat
khoi dong va hanh vi co khi ciia EPS. Cac thir nghiém véi tin hiéu budc va xung cho két
qua tré pha nho, hé sb nhay on dinh, hé sd tuong hop tin hi¢u 2> 0,95, dir li¢u dang tin
cdy va phan tng dong hoc tu nhién. Cac so sanh dinh lugng va dinh tinh cho théy mo
hinh Matlab/Simulink tai tao trung thuc hanh vi dong hoc va cam giac lai cua CarSim.
Dang dap Gng, thoi gian tré, bién do, pha va cac chi tiéu dic trung déu nam trong gidi
han sai 1éch nho hon 10%. Su twong dong nay khiang dinh mé hinh dugc xay dung theo
cAu trac va tham sb hop 1y, di d6 chinh xac dé thay thé mo hinh CarSim trong giai doan
thiét ké, t6i uu va danh gia hé thong EPS.

3. Pdnh gid cam gidc ldi va tinh phit hop ciia ban dé déc tinh tro liee 1di. Téng hop
sau nhom thir cho thay:

- Ving trung tdm cac chi tiéu chinh gém: P cing lai trung binh (0,1051 +
0,1123) [Nm/ 9, d6 ctng lai tai goc 1ai bang khong (0,3322 + 0,3646) [Nm/ 9, mo
men ma sat hé théng (1,5752 + 1,6969) [Nm] , dién tich vong tr& (58,817 +
6 61,6654) [Nm. 9, viung chét goc i tai gia téc bang khong 3,3996 [ 9, 46 déc mo men
14i tai gia téc bang khong (28,5964 + 30,5264) [Nm/g], d6 dbc mo6 men 14i tai gia tdc
bang0,1g (16,9517 + 17,8450) [Nm/g], d6 nhay goc xoay than xe theo goc li tai tAm
(0,2198 + 0,2405) [(%s)/ 9, thoi gian tré goc xoay than xe theo goc 1ai 0,0570 [s], do
nhay goc xoay than xe theo md men l4i tai tam (0,6003 + 0,6369) [(/s)/ ], thoi gian
tré goc xoay than xe va mo men 1ai (0,3394 + 0 3450) [s]. Chleu theo bang chi tiéu
danh gia cam giac l4i c6 thé thiy cam giac ém, muot, tuyén tinh, 6n dinh hudng cao; ban
dd dic tinh tro luc 1ai phu hop phong céach 1ai thoai mai; tuy con ngudng dinh nhé mo
men ma sat ~1,6 Nm khién xe phan hoi cham nhe khi dao chiéu rat nho.

- Vi kich thich 1ai xung, ban d6 dic tinh tro luc 14i cho dap ing 6n dinh & ca 3 van
tbc. O 10 km/h, Ay = 0,061 s~ ! tao tay lai ém nhung con du cong hudng f, =
2,930Hz v6i D = +5,303dB, 4, = 0,112. O 50 km/h dap Gng “sach” nhat: A, =
0,21657! =~ A, = 0,215s7%, fo = 1,221 HzvaD ~ — 0,030 dB. 0100 km/h xe van
on dinh: A, = 0,216, f, = 1,221 Hz va y?*duy tri 0,998 — 0,857, pha 13,9 — 64,7°
trong tan s6 0,5 — 1,5 Hz gitip cam giac 1ai du doan tot.

- Thir nghiém kha ning tra lai cho thdy hé 1ai c6 kha ning tra 1ai va 6n dinh tét. Tai
thoi diém tha, @, = 16,247° va 1, = 4,053°/s; sau d6 dap ung suy tit nhanh voi
t, = 2,245's, dat tiéu chi on dinh P, = 0,400°/s va khong vuot qua o = 0 %. Bién do
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con lai nho Ay sau 3s 1a 0,361°/s; ., = 0,761°/s. Cac chi tiéu f, = 1,916 Hz,
D = 0,863 va & = 0,301 xac nhan giam chan phu hop, cam giac lai muot va ban do
dic tinh tro luc 1ai dap ing yéu cau.

- Chuyén trang thai cac chi tiéu chinh gom: Do cing lai trung binh (0,144 +
0,159 ) [Nm/ 9, d6 cung lai tai goc lai bang khong (1,088 + 1,200) [Nm/ 9, do nhay
gia téc ngang trung binh (0,011 + 0,012) [g/ 9, do nhay gia tdc ngang trung binh tai
tam (0,011 + 0,012) [g/ 9, d0 déc md men lai tai gia toc bang khong (33,223 +
35,894) [Nm/g], 6 déc mo men 14i tai gia toc bang 0,1g (7,658 + 8,310) [Nm/g], 4o
nhay goc xoay than xe theo goc l4i tai tam (0,219 + 0,241) [(Ys)/ 9, 40 nhay goc xoay
than xe theo mo6 men l4i tai tim (0,28 <+ 0031) [(%s)/ 9. Chiéu theo bang chi tiéu danh
gia cam gidc 1ai c6 thé thay, tay lai ém, it dao dong, phan Ung an toan, thién vé dic tinh
“ém - chac” hon “séc - nhay”.

- Quay vong tai chd cac chi tiéu chinh gém: P cung lai trung binh (0,0016 +
0,0018) [Nm/ 9, d6 cing lai tai goc 1ai bang khong (0,0014 = 0,0015) [Nm/ 9, mo
men 1ai 16n nhit 2.5 [Nm]. Chiéu theo bang chi tiéu danh gia cam giac 14i c6 thé thay, tay
1ai d6ng déu, 46 nang vira phai, diém ding rd; phi hop thao tac dd hodc quay dau.

- Tin hiéu budc: PO vuot cua gdc xoay than xe 2,484 [%], tong phuong sai van toc
xoay than xe 0,084 [s], tong phu’O‘ng sai gia tbc ngang 0,089 [%], hé s nhay van tdc
xoay than xe 0,256 [(%/s)/ 9, hé s6 nhay gia téc ngang 0,0124 [g/ 9, tré pha giita goc lai
va van tdc xoay than xe 0,109 [S] Chiéu theo bang chi tiéu danh gia cam giac lai co thé
thay phan ng nhanh, giam chan tbt, khong vot 10 xe gitt 6n dinh quy dao.

Tong thé, cam giac lai dat tiéu chi ém diu, 6n dinh va dé& dy doén, thich hop vé1 myc
tiéu ctia xe con hang E thién vé thoai méai hon thé thao, dong thoi cho thay tinh nhat quan
cao gilta cam nhan cha quan va két qua mo phong dinh luong. Ban d6 dic tinh tro lyc 1ai
C-EPS hién tai thé hién tinh t6i uvu cao, phtt hop véi muc tiéu van hanh “ém diu, on dinh -
premium steering feel”, phan hoi chinh xac, huéng dén phan khuc xe du lich cao cép.
Diéu nay chimg to tinh phi hop cia ban d6 dic tinh tro luc 1ai 1y tudng voi phong cach
14i thoai méi duoc 4p dung cho xe mau.

Nhu vay, cac két qua thr nghiém mé phong mot 1an nira chting minh tinh ding din
ctia phuong phép luan vé xay dung duong dic tinh tro luc 1ai 1y tuéng, do tin cy cao cua
cac md hinh dong luc hoc di thiét 1ap va tinh hiéu qua cta bo diéu khién PID-FOC. Cac
gia tri do dugc nam trong gidi han hop 1y da duoc cong bd trong cac cong trinh nghién
ctru khoa hoc uy tin.
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KET LUAN

1. N§i dung da hoan thanh

No6i dung da hoan cua ludn an dugc thé hién qua ndi dung duogc trién khai trong cac
chuwong muc cta ludn 4n, qua cac phu luc va qua cac cong bd, dam bao dap tng dung va
dt muc ti€u nghién ctru va cac ndi dung nghién curu dat ra.

2. Két qua dat dwoc

Trén co s& ba muc tiéu chinh cua ludn an 1a thiét 1ap mot quy trinh toan dién tir
phuong phap xdy dung ban dd dic tinh tro luc 14i c6 co so 1y ludn va co cdu tric téng
quat, co tinh tai st dung va phu hop voi quy luat tam Iy nguoi diéu khién, dén thiét bo
diéu khién EPS dé hién thuc hoa ban do d6 va cudi cung dua ra bo chi tiéu danh gia cam
giac 1ai theo hudng toan dién, chuan héa theo tiéu chuin, nham kiém chimg chét luong
ban dd va bd diéu khién, luan an di hoan thanh muc tiéu trén véi cac két qua dat duoc
nhu sau:

Vé co sé Iy thuyét va phwong phdp lugn:

1) Pia dé xuit mé hinh xay dyng dic tinh trg luc lai ly tuong trong do ban dd dic tinh
tro luc 14i duge tao ra tr mo hinh toan hoc ¢6 ciu trac, lién két rd rang gitra dong luc
hoc xe, hé thong 1ai va muc tiéu cam giac 1ai phit hop quy luat tm 1y vé kich thich va
cam nhan ctia con nguoi. Céu trac ban db dic tinh tro luc 14i gém ba mo6 dun chirc
nang “Phong céich 141" “DLH nghich xe” va “DLH nghich HTL”. Cac m6 dun nay
phan tach riéng r& ¥ dinh ciia nguoi 1ai véi PLH vbn ¢6 cta phuong tién va ciia hé
thong 14i, gitp don gian hoa viéc hiéu chuan cam gic 1ai va tao diéu kién thuan loi
cho viéc thiét ké cac phong cach lai khac nhau trén cac thuong hi¢u va kiéu phuong
tién khac nhau ma khong can tac dong dén phan cting hodc logic diéu khién.

2) Pi xdy dung cic phuong trinh PLH dé dua vao cdu trac ciia dic tinh tro luc 14i.
Trong d6 cac m6 hinh PLH m6 ta chinh xac chudi truyén luc va mo men tir vanh tay
1ai dén banh xe din hudng tao ra phan tng dong luc hoc cua phuong tién, cing nhu
su phan hoi nguoc tir mat duong ve€ nguoi lai.

3) Pai xdy dung cac ham truyén nghich giita cac thong sd dong hoc chuyen dong cua xe
v0i tac dong tur vanh tay lai. Cac ham truyén nghich nay 1a co so dé chuyén déi yéu
cau chuyén dong ctia phuong tién thanh yéu ciu mé men 1ai va goc 14i tai vanh tay lai.

4) DPa dua ra cong thuc xay dung bon loai dic tinh tro luc 14i bao gff)m: dac tinh tro luc
lai tuyén tinh; dac tinh tro Iuc 1a1 da tuyén tinh; ddc tinh trg luc lai phi tuyén va dac
tinh trg luc 1ai hon hop.

5) P4 thiét 1ap cong thirc xay dung ban dd dic tinh tro luc 14i 1y tuong theo quy luat liy
thira ctia Stevens cho hai loai dic tinh tro luc 14i 1a phi tuyén va hdn hop, mdi loai co
ba phong cach lai la “thoai mai”, “thé thao” va “da muc”.

6) Da trinh bay chi tiét phuong phap xac dinh toan bd cac hé sd va cac tham s trong
cong thirc xay dung dac tinh trg luc 1ai va dac tinh tro luc 141 1y tuong.

7) Da thiét ké bo diéu khién tich hop PID-FOC cho co cdu chap hanh EPS theo hudng
diéu khién dong di¢én/mo6 men dong co tro luc PMSM.

8) Dai hé théng hoa cam giac 1ai trong mo hinh vong kin “Ngudi 14i - Phuong tién” va
dua bg chi tiéu danh gia khach quan cho cac dic tinh cam giac 14i trén co s¢ céc ti€u
chuan quéc té ISO va tiéu chuan Trung Qubc GB/T.

Vé tinh todn mé phong:

1) Pia xdy dung MHMP tong thé hoan chinh trén phan mém Matlab/Simulink, mé hinh

c6 kha nang tinh toan, mé phdong nhan ban cho céac loai xe va phan khuc xe khac nhau,
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hoan thién mot quy trinh kép kin tir xdy dung ban d6 dic tinh tro luc 14i dén danh gia
chat lugng ban dd thong qua danh gia cam giac 14i.

2) Da tién hanh mo phong kiém ching cac mo hinh DLH trén xe mau. Cac két qua mo
phong kiém chtng cho thay cac moé hinh DLH phan anh ding quy luat vat 1y.

3) Pi thuc hién mod phong, phan tich va danh gia bon dang dic tinh tro luc 1ai gom
tuyén tinh, da tuyén tinh, phi tuyén va hdn hop tuyén tinh-phi tuyén. banh gia déc
tinh tro Iyc 14i 1y twdong theo phong cach 14i cua hai loai ddc tinh phi tuyén va dic tinh
hén hop. Két qua cho thay kha nang tao ra cac cam giac lai khac nhau thong qua thay
do6i chlen luge phan b tro luc trén cung cdu hinh phan cimg. Két qua thu duoc bod
thong s6 xay dung ban d6 dic tinh tro lyc l4i trén xe mau nhu sau:

1. Logi tuyén tinh:

T gmin = 1 Nm; Py = 30N; T gpa(0) = 4.8Nm;

K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3.
2. Loai da tuyén tinh:

T gmin = INM; Ty = 3.5Nm; P oy = 30N; T 410 (0) = 4.8Nm;
K(v) = 6.0527 — 0.0607v + 0.0003v? — 0.00001v3;
K,(v) =25 —0.0607v + 0.0003v*> — 0.00001v3.

3. Loai phi tuyén:

- Phong cdch ldi thodi mdi va phong cdch i thé thao:
Priax = 30N; T ypmax(0) = 4.8Nm; K = 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 mirc:

Pax = 30N; T 410x(0) = 4.8Nm; K = 3.8554;

Tg4rq = 3.5Nm; Vpq = 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. Loai hén hop:

- Phong cdch ldi thodi mdi va phong cdch i thé thao:
Pax = 30N; T 410x(0) = 4.8Nm; K = 3.8554;

K(v) =25 —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 miec:

Prax = 30N; T ymax(0) = 4.8Nm; K = 3.8554;

Tg4rq = 3.5Nm; v,y = 110km/h; Ty, = 2.5Nm

K(v) =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];

4) Pa tién hanh mo phong va danh gia bo diéu khién hé thong C-EPS. Két qua cho thay
bd diéu khién PID-FOC dép ung tot yéu cau diéu khién mo men tro lyc, bao dam tinh
6n dinh. Sai 1éch bam mé men gan nhu bang 0, loai bé hoan toan nhidu ngiu nhién.

Vé thir nghiém mé phong:

1) Pa xay dung hoan thién mo hinh thtr nghiém moé phong tich hop phan mém

Matlab/Simulink va phian mém thir nghiém 4o Carsim. M6 hinh c6 kha ning thir
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nghiém 4o vé danh gia cam giac lai va kha nang dap Gmg cua bo diéu khién.

2) Panh gia kha ning dap ing ciia bo dicu khién PID-FOC. Két qua khang dinh kha
nang dap Gng t6t ctia bo dicu khién PID- FOC. Sai s0 bam md men gan bang 0, do
qua diéu chinh thap va thoi gian dap ung ngan

3) Tién hanh sau bai thir cam glac 1ai tiéu chuan. Két qua chi ra cam giac lai dat myc
tiéu phong cach 1ai “thoai mai” tir d6 khang dinh tinh phi hop cua ban do dic tinh tro
lyc lai 4p dung cho xe mau. Cu thé:

- O nhém kiém chitng dong e hoc. Cac két qua dinh luong giita hai mo hinh sai
khac nho hon 10%. Trong bai xur Iy trung tam, sai léch RMS cua m6 men, goc 14i, gia tde
ngang chi nhé hon 5%, d6 cimg va do nhay chénh 6+9%, hé s6 tuyén tinh R? =~ 0,99. Bai
chuyén trang thai do ctimg 14i sai 1éch 7+10 %. Bai quay vong tai chd sai léch nhé hon
8%. Céac so sanh dinh Iugng va dinh tinh cho théy mo hinh Matlab/Simulink tai tao trung
thuc hanh vi dong hoc va cam giac 1ai ciia CarSim. Dang dap tmg, thoi gian tré, bién do,
pha va céc chi tiéu dic trung déu nam trong gidi han sai 1éch nho 0+10 %.

- Ddnh gid cam gidc 1di va tinh phit hop ciia ban dé déc tinh tro luc ldi: Tong thé,
cam giac lai dat ti€u chi ém diu, 6n dinh va d& du doan, thich hop voi muc ti€u cia xe
con hang E thién vé thoai mai hon thé thao, déng thoi cho théy tinh nhat quan cao gitra

cam nhan chu quan va két qua mo phong dinh lugng. Ban do dic tinh tro luc 1ai C-EPS
hién tai thé hién tinh t6i uu cao, phu hop v6i myc ti€u van hanh “ém diu, 6n dinh”. Piéu
nay ching to tinh phu hop cua ban d6 dac tinh tro luc 1ai 1y twong véi phong cach lai thai
mai dugc ap dung cho xe mau. Céc dir liéu dinh lugng chinh cta két qua md phong cho
xe mau bao gom:

+ Vung trung tdm: Do clmg 14i trung binh (0,1051 + 0,1123) [Nm/ 9, d0 cung lai
tai goc 1ai 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 toc bang khong 3,3996 [, d6 doc md men 14i tai gia toc bang khong (28,5964 +
30,5264) [Nm/g], 46 doc mo men 14i tai gia toc bang0,1g (16,9517 + 17,8450) [Nm/
g], 46 nhay goc xoay than xe theo goc 14i tai tim (0,2198 + 0,2405) [(Ys)/ 9, thoi gian
tré goc xoay than xe theo goc 1ai 0,0570 [s], do nhay goc xoay than xe theo mo men lai
tai tam (0,6003 =+ 0,6369) [(¥/s)/ 9. Cam giac 14i muot, tuyén tinh, 6n dinh hudng cao.

+ Vi kich thich 1ai xung: O 10 km/h, Ay = 0,061s7', f; = 2,930 Hz voi D =
+5,303dB, A, = 0,112 . O 50km/h: Ay = 021657 =~ A, =0, 215571, fo =

1,221 Hz va D = —0,030dB. G100 km/h: A, = 0,216, f, = 1,221 Hz va y?

0,998 — 0,857, pha 13,9 — 64,7°trong tan s6 0,5 — 1,5 Hz. Cam giac 1ai du doan tot,

ban dd dic tinh tro luc 14i cho dap ung 6n dinh & ca 3 van tbc.

+ Tht nghiém kha ning tra 14i. Tai thoi diém tha, ¢, = 16,247° vap, = 4,053°/
s; sau d6 dap ng suy tit nhanh véi t, = 2,245 s, dat tiéu chi 6n dinh 1, = 0,400°/s
va khong vuot qua 0= 0% . Bién d6 con lai nho Ay sau 3s 1a 0,361°/s; Py =
0,761°/s. Cac chi ti€u fo = 1,916 Hz, D = 0,863 va { = 0,301. Xac nhén giam
chan phu hop, cam giac 14 muot va ban do dic tinh tro luc 1ai dap Gmg yéu cau.

+ Chuyén trang thai: Do cung lai trung binh (0,144 + 0,159 ) [Nm/ 9, do ctng 1ai
tai goc lai bang khong (1,088 + 1 200) [Nm/9, d6 nhay gia toc ngang trung binh
(0,011 =+ 0,012) [g/ 9, do nhay gia tdc ngang trung binh tai tam (0,011 + 0 012) [9/9,
d6 doc mo6 men 14i tai gia tdc bang khong (33,223 + 35,894) [Nm/g], d6 déc mbé men
14i tai gia toc bang 0,1g (7,658 + 8,310) [Nm/g], d6 nhay gbéc xoay thin xe theo goc 14i
tai tAm (0,219 + 0,241) [(%Ys)/ 9, d6 nhay goc xoay than xe theo md men 14i tai tAm
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(0,28 =+ 0031) [(¥s)/ 9. Chiéu theo bang chi tiéu danh gia cam giac 1ai c6 thé thay, tay

lai ém, it dao dong, phan Gng an toan, thién vé dic tinh “ém - chic” hon “séc - nhay”.

. Cam giac 14i tay 14i ém, it dao dong, phan Gmg an toan, thién vé “ém - chéc”.

+ Quay vong tai chd: P9 cung 14i trung binh (0,0016 <+ 0,0018) [Nm/ 9, do cung
1ai tai goc 1ai bang khong (0,0014 + 0,0015) | Nm/ﬂ mo men 1ai 16n nhat 2.5 [Nm].
Cam giac lai tay 1ai dong déu, do nang vira phai, diém ding rd.

+ Tin hiéu budc: Do vuot cliia goc xoay than xe 2,484 [%], tong phuong sai van tdc
xoay than xe 0,084 [s], tong phuong sai gia toc ngang 0,089 [%], hé s6 nhay van tdc
xoay than xe 0,256 [(Y/s)/ 9, hé sé nhay gia tbc ngang 0,0124 [g/ 9, tré pha gitta goc lai
va van téc xoay than xe 0,109 [s]. Cam giac 1ai phan (mg nhanh, giam chan tot, khong
vot 16, xe gitr 6n dinh quy dao.

3. Cac dong gop mai

Nghién ciru vé xay dung ban do dic tinh tro luc 14i, thiét ké bo diéu khién hé théng
lai EPS trén xe con va danh gia cam giac lai 1a hudng nghién clru maéi trong nude. Luan
an thuc hién “Nghién ciru dic tinh va diéu khién hé thong ldi tro luc dién trén xe con”
1a mot dong gbp méi trong nudc vé nghién ctru vé dong luc hoc diéu khién 6 t6. Cac
dong gop méi cua luan an bao gom.

Vé xdy dung bin dé dic tinh trg lyc ldi cé 04 déng gop méi:

1) Pua ra phuong phap tiép can méi vé xay dung va danh gia chat lugng ban d6 dic
tinh tro luc 1ai va bo diéu khién d6 1a mot quy trinh day du tir khau xay dung ban d6
dic tinh tro luc 14i, thiét ké bo diéu khién va cudi cung 13 danh gia chét luong ban d6
va bo diéu khién thong qua danh gia cam giac 1ai theo tiéu chuan ISO va GB/T.

2) D¢ xuat tao thanh ban do dic tinh trg lyc 14i gdm ba mé dun chic nang “Phong cach
1ai” “DLH nghich xe” va “DLH nghich HTL”. Ttr d6 ¢6 thé hiéu chuan cam giac lai
va thiét ké cac phong cach 1ai khac nhau trén cing cu hinh xe mau khong can tac
dong dén phan ctng hoic logic diéu khién tir d6 tich kiém thoi gian phat trién san
pham va giam chi phi san xuat. Pong thoi ¢ tinh tai st dung cho nhiéu miu xe va
phan khtc khac nhau.

3) Pua ra phuong phap tinh toan tong quat cho 04 loai ban d6 dic tinh tro luc 14i khac
nhau.

4) Xay dung ban dd dic tinh trg luc l4i 1y tuéng phu hop quy luat lity thira cia Stevens
va thiét ké ban do dic tinh tro luc 1ai theo cac phong cach 1ai 1a mot dong gop méi.

Vé xdy dung mé hinh dpng lwc hoc cé 02 dong gép mdi:

1) Pia dé xuat duoc cong thirc xac dinh md men can mit dudng. Van dé nay thuong bi
cac nghién ctru khac bo qua va chi ké thira phuong phap tinh todn cua cac nghién ciru
cong bo trude do.

2) Xay dung MHPLH hé thng 14i C-EPS hoan chinh tir vanh tay 1ai dén banh xe din
hudng, trong d6 phan PLH hinh thang 14i Ackermann duoc ké dén, diéu nay 1am mo
hinh nghién ctru sat thuc véi két cdu thyuc té ctia hé thong 1ai déng thoi giam thiéu
dugc cong viéc xac dinh cac hé s6 kho do duoc nhu do cung, do nhét... cua hinh
thang lai.

Vé thiét ké b diéu khién cé 01 déng gép méi: Chién luogc diéu khién PID-FOC cho
hé thong 14i EPS 1a mot phuong phap két hop diéu khién méi chua dugc thyuc hién & cac
cong trinh nghién ctru trong nudec.

Vé danh gid cam gidc ldi cé6 01 déng gép mdéi: Pua ra bang chi tiéu va phuong
phap thtr nghiém mo6 phong danh gid cam gidc 1ai 1a mdt dong gép méi cua ludn an.
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4. Nhitng han ché va thach thire

Mot sb thach thire cia phuong phap dé xuat can tiép tuc phat trién gdm:

- (1) Gia thiét s6 mil (n) trong quan hé giita md men l4i va gia toc ngang 13 yéu t6
quyét dinh cam giac giita kich thich va cam nhan. Theo David J. Weiss [206] cho ring
quy luét luy thura cta Stevens khong co tinh ph6 quét do phy thudc vao cac gia dinh do
ludng, su bién thién sd mil theo ting glac quan va anh huong cia diéu kién khai thac.
Trong phuong phap dé xuét, (n) c6 thé thay d6i khi diéu kién 1ai thay doi, gita cac loai
xe khac nhau hogc theo so thich nguoi 1ai, lam suy giam d6 chinh xac cua mé hinh khi ap
dung rong rai. (2) Méc du phuong phap da xet anh huong van téc va cac thong sd céu
hinh xe thong qua cac tham s6 K, K7, K(v), nhung mo6 hinh van chua phan anh day dua
bién thién diéu kién mat duodng, tai trong xe va sai léch nhan thirc cua nguoi lai. Néu cac
nghién ciru thyc nghiém cho thiy (n) thay d6i dang ké theo kich ban van hanh, thi lap
luan cta David J. Weiss rang khong ton tai mot ham duy nhat mé ta nhan thirc s& tré nén
pht hop hon trong truong hop nay. Do d6, hudng nghién ciru tiép theo can tinh chinh mo
hinh béng cach xay dung ban dd dic tinh tro luc 14i theo cac vung van tdc, déng thoi tich
hop yéu td tai dong va bién thién hé s bam dé nang cao tinh Gmg dung thuc tién.

- Ngoai ra, cac két qua nghién ciru méi dimg lai @ md phong va thir nghiém mé
phong, viéc thiét ké va thuc hién cac thi nghi¢m thuc té nham kiém chirng hiéu qua cua
phuong phéap dé xuat 1a mot hudng nghién ctru can thiét trong twong lai.

5. Pinh hwéng ndi dung nghién ciru tiép theo

Vé Iy thuyét: Tiép tuc hoan thién tinh chinh ban d6 dic tinh tro luc 14i Iy tuong, xay
dung da ban d6 dic phu hop véi cac trudng hop khai thac khac nhau nhu tai trong thay
dbi, trén dudng hé s6 bam thép, leo déc... ; Nghién ctru thiét ké bo diéu khién hé théng lai
EPS va giai phap cai thién cam giac lai bao gdm: Nghién ciru dao dong hé thong 14i;
Nghién ctru bu ma sat h¢ thong 14i; Nghién ctru u6c luong moé men lai; Nghién ciu thiét
ké bo diéu khién véi cac thuit toan va bo diéu khién khac nhau.

Vé thwe nghiém: Thiét ké phan cing bo diéu khién ECU, lip dit cam bién, trang
thiét bi do luong trén 6 t6 nghién ciru. Tién hanh thuc nghiém dé kiém chimg va tinh
chinh mé hinh 1y thuyét.
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