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DANH MUC CAC KY HIEU

Ky hiéu

Symbol Unit Thong so Parameter
My Mg (Nm] M6 men lwc quan tinh cta Moment of inertia of
Mmd/ Mmi l5' l6' l7' l8 15' 16' 17' 18
T, [Nm] Mo men lai Driver torque
Ty [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 dmax [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 Ién nhittaiv = Maximum driver torque at
T amax(0) [Nm] o e
M6 men lai khi tro luc kich Steering torgue vyhen assist
T gat [Nm] hoat (diic tinh phi tuyén) motor is activated
' ' (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
nt (dic tinh hén hop) characteristic)
T, [Nm] Mo men tro luc lai Assist torque
T gus [Nm] M6 men tro luc 14i thuc té Actual assist torque
T arq [Nm] M6 men tro luc 1ai yéu ciu Required assist torque
T ymax [Nm] M6 men tro lwc 14i 1én nhat Maximum assist torque
T, [Nm] M6 men tro lwc dong co dién Assist motor torque
T mas [Nm] Mo men tl‘()’tﬁité ?é(:) ng co dién Actual assist motor torque
T, [Nm] M6 men can duay cua duwong Road reaction torque
MO men can quay banh xe Right wheel road reaction
TTT [Nm] bén h 23
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] Mo men tai Load torque
T, [Nm] M6 men cam bién do duoc Sensing torque
n FT Lyc can qudn tinh phap Normal and tangential
(i [N] tuyén va ti€p tuyén cta cac inertial resistance forces of
=5+8) khau ls, lg, 17, lg the links 15, 1¢, 17, Ig
F4r N: FZ , , ~ N
T n T Cac phan lyc phap tuyén va Normal and tangential
FoF%F &
r E;LT ’ [N] tiép tuyén ctia thanh ring va | reactions of the rack and at
DB tai cickhép 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 (V] Phan lwc quy dan 1én thanh | Reaction force applied to the
red rang rack
Fr; [N] Phan lyc tiép tuyén (lyc doc) Longitudinal force

& cac banh xe

VI




Phan lwc phap tuyén (luc

F [N] ngang) & cac banh xe Lateral force
F, [N] Phan lye 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 lwec ti€p tuyén (lwc doc) Longitudinal force at the
T & truc sau rear axle
Phan lwc phap tuyén (luc Lateral force at the front
Fpf [N] . .
ngang) & truc trudc axle
Phan Iyc thang dirng & truc | Vertical (normal) force at the
Fus [N] ,
trurdc front axle
F (V] Phan luc thang ditng & truc | Vertical (normal) force at the
o sau rear axle
p [N] Lwc 1én 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
! truwérc distribution
Trong lwong phan bé truc Rear axle weight
Z, [N] o
sau distribution
ar [Rad] G6c l1éch ngang cua 16p trwde Front tire side slip angle
ar [Rad] Gocléch ngalgli ;:ua 16p truce Left front tire side slip angle
as, [Rad] Goc léch ngang cua 16p trwéce Right front tire side slip
phai angle
a, [Rad] Goc léch ngang cta 16p sau Rear tire side slip angle
a; [Rad] Goc léch ngang cia l6p thir i The i™ tire side slip angle
B [Rad] Go6c 1éch than xe Vehicle side slip angle
04 [rad] Géc quay cua truc lai Steering column angle
Goc quay cua truc dong co .
Om [rad] tro e Asissist motor shaft angle
G&c quay cua truc rang co .
@y [rad] A l4i Pinion angle
Our [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 ;ion quay bén I, link of angle
Q7 [rad] GOc quay cua thanh day [, 1, link of angle
s [rad] Goc quay cual ;‘ion quay bén I link of angle
0, [rad] Géc quay truc roé to Rotor angle
4 [Rad] Géc quay than xe Vehicle yaw angle
é; [Rad] Goc quay banh xe dan huwéng Steer angle
Yo [Rad] Goc kingpin Kingpin angle
Y. [Rad] G6c camber Camber angle
h [m] Khoang cach gitta thanh rang | Distance between rack and

va truc dan huwéng

front axle

VII




Chiéu cao trong tim Khéi

Rear axle unsprung mass

' lwong khong treo truc sau centre height
ot Chiéu cao trong tam khoi Front axle unsprung mass
U lwong khong treo truc trwéc centre height
% Chiéu cao trong tam khoi Front axle unsprung mass
f lwong dworc treo truc trudc centre height
B Chiéu cao trong tim Khéi Rear axle sprung mass
" lwgng dworc treo truc sau centre height
k' Chle;l cao trong tam khoi Sprung mass centre height
wong duoc treo
B Chiéu cao trong tam khoi Sprung mass centre to roll
lwong dwoc treo dén truc lac axis height
L Chiéu dai co sé xe Wheelbase
L1 Chiéu dai thanh hinh thang | Ackermann links length (i =
T2 Y m] rsops . .
131(12578) 5—8)
L, m Khodng C?ic,h tam hai try Distance between kingpins
rng
ny m b léch sau Tire pneumatic trail
n, m b0 1éch trwéc Kingpin forward indicator
Ng m Do 1éch téng cong Total offset
pr m Chiéu cao tdm lic truc tredc | Front axle roll centre height
D, m Chiéu cao tAm lac truc sau Rear axle roll centre height
T m Ban kinh banh xe Wheel radius
T m Ban kinh banh xe Wheel radius
Tow m Ban kinh vanh tay lai Steering wheel radius
T m Ban kinh truc rang Pinion radius
= 2x¢ VEét banh xe truéc Front wheel track

3 |3

= 2x, Vét banh xe sau Rear wheel track
A o Ox-axis distance of the axle
Toa do theo truc OX cua cac :
X A . number i from the mass
tam banh xe
centre
X Toa do theo truc OX cia banh | Ox-axis distance of the front
f xe truc trudc axle from the mass centre
x Toa do theo truc OY ciia banh | Oy-axis distance of the rear
" xe truc sau axle from the mass centre
Khoang cach trong tim khéi .
' o Distance of sprung mass
X'r lwong dworc treo dén truc
. centre to front axle
trudc
X Khodng cach trong timkhai Distance of sprung mass
" lwgng dwoc treo dén truc sau centre to rear axle
A s Oy-axis distance of the axle
Toa do theo truc OY cua cac y .
Vi A . number i from the mass
tam banh xe
centre
Yy Dich chuyén cta thanh rang Rack position
p Ban kinh quay vong Turning radius
m Khoi lvong 6 to Vehicle mass
m, Khoi lwgng truc lai Column mass
Khoi lwgng truc déng co tror
m, g trucdong i Motor mass
luc
m Khoi lwong cta truc rang co Pinion mass
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~N Y&l
cau lai

m, [kg] Khoi lwgng ctia thanh ring Rack mass
M6 men quan tinh tir thanh : :
y . 1 x__w | Frontaxle inertia converted
Myeq [kg] rang dén banh xe quy dan ve
y to rack mass
thanh rang
MM, s, Me [kg] Khéi lwong ctia by, Is, L, 1y, g Is, 16,1, 1g mass
my, Mg
m; kgl Khoi lvgng pha}n bo lén truc Front axle mass
truéc
m, [kg] Khoi lwong phén b6 1én truc Axle mass
m' [kg] Téng khoi lwgng dwoc treo Total sprung mass
m'; [kg] Khoi lwong du,’(_)’C treo truc Front axle mass
truéc
m', [kg] Khoi luong ilfl(_)'c treo truc Rear axle mass
m" [kg] Tong khoi luggg khong dugc Total unsprung mass
m's [kg] Khoi luong kh?ng treo truc Front axle unsprung mass
truéc
m", [kg] Khoiluong lzglgng treo truc Rear axle unsprung mass
Ja [kgm?] M6 men quan tinh truc lai Colunm inertia
Im [kgm?] Mo men quan tinh dong co Motor inertia
dién
Iy [kgm?] M6 men quan tinh ctia truc Pinion inertia
rang
M6 men quan tinh thanh :
JsJelnls|  [kgm?] e Inertia of 1s,1g, 17, Ig
5,°6,°7,°8
Jw [kgm?] M6 men quan banh xe Wheel inertia
M6 men quan vine bidn Inertia of the lateral
Ir [kgm?] dane nean qcﬁa 15 bgén hai deformation zone of the
ANE Ngang P p right tire
M6 men quan vine bidn Inertia of the lateral
T [kgm?] quanvung bIen 1 jeformation zone of the left
dang ngang cta lop bén trai tire
/. [kgm?] Mo men quan tinh xe Vehicle moment of inertia
B, [N/m] Masat can ?é};l(;t cta thanh Rack viscous friction
B [N/m] Ma sat cdn nhét quy dan tir Equivalent viscous friction
red banh xe vé thanh ring from wheel to rack
A R . Front axle suspension
C
sof [N/m] D0 clrng hé treo truc trudc stiffness
A Rear axle suspension
Copr [N/m] Do cilrng treo truc sau stiffness
K [N/m] Do cirng quy dan tir banh xe | Steer tire stiffness converted
red vé thanh rang to rack stiffness
Ks [N/m] Do cilrng cda thanh day Is I; link of stiffness
K¢ [N/m] D0 clrng cua don quay bén [ lg link of stiffness
K4 [N/m] Do cilrng cda thanh day [, 1; link of stiffness
Kg [N/m] D6 clrng cia don quay bén g lg link of stiffness
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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;:rrlll%hcleng tryc xe Front axle roll angle stiffness
Cor [Nm/rad] Do clmg gocslzihleng truc xe Rear axle roll angle stiffness
C o [Nm/rad] D0 cirng géc nghiéng truc xe Axle roll angle stiffness
M, [Nm/rad] Ma sat kho cua 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 . x Tire lateral stiffness
K i [Nm/rad] Hé s6 clirng ngang cua lop coefficient
A " 1K . | Front tire sideslip coefficient
K
of [Nm/rad] Do clirng ngang cua l6p trude (ateral stiffness)
A T Rear tire sideslip coefficient
Ko [Nm/rad] D0 clrng ngang cua 16op sau (ateral stiffness)
K, [Nm/rad] PO clirng cia hé thong 1ai Steering system stiffness
K. [Nm/rad] Do clrng cua truc lai Steering column stiffness
K, [Nm/rad] Do ctng cua E{rlic dong co tro Assist motor shaft stiffness
K, [Nm/rad] Do cung cua tII;:C rang corcau Pinion stiffness
v [m/s] Van toc 6 td Vehicle speed
vy, [m/s] Van toc nhay cam cua xe Vehicle characteristic speed
. N P Front and rear wheel
VU [m/s] Van toc banh xe trwéc va sau longitudinal speeds
a, [m/s?] Gia t6c ngang Lateral acceleration
B, [(Nm)/(rad/s)] | Masat can nhét cda 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 cta truc
p [(Nm)/(rad/s)] Fing co ciu l4i Pinion viscous friction
D, [(Nm)/(rad/s)] Hé s6 nhot Vf;t illeu cua tryc Steering column damping
D,, [(Nm)/(rad/s)] He so nhot Yat lieu cta truc Assist motor shaft damping
dong co
D, [(Nm)/(rad/s)] HE 56 nhot :gltlgeu cua truc Pinion damping
D, [(Nm)/(rad/s)] Hé so nhot v?;ri;eu cua thanh Rack damping
D s [(Nm)/(rad/s)] | Hé sé nhot vatliéu caa lop Wheel tire of damping
D¢ [Nm/(m/s)] He so nhot gg;l;eu don quay lg link of damping
6
D, [Nm/(m/s)] Hé so nhot \éz%ty hleu cua thanh 1, link of damping
7
Dg [Nm/(m/s)] He 56 nhét ngll;eu don quay lg link of damping
8
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p [kPa] Ap suit tiéu chudn ctia 16p Tire standard pressure
R, [2] Dién tré cudn Stator Stator resistor
Ly [mH] Do tir cam 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
bién ap cudn day stato theo _
Usgy Usq V] truc (d — q) Voltage of stator on (d — q)
igt [A] Dong dién Stator Stator current
Lsdr Lsq [4] Dong dlen(stit; theo tryc Stator current on (d — q)
O [Wb] Tir thong Stator Stator magnetic linkage
Twr thong Stator theo truc Stator magnetic linkage on
Dsa» P Wb ’
sdr Vsq [ ] (d — q) (d — q)
Qf [Wh] Lién két tir r6 to Rotor magnetic linkage
Prd» Prq [Wh] Lién ket t&rg tqo)theo truc Magnetic linkage on (d — q)
Wy, [Rad/s] Tan s6 géc cua dong co Motor’s angular frequency
W, [Rad/s] Van toc quay ro to Rotor rotation speed
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 chd when turning in place
f(v,Ty) Ham sé khuéch dai tro luc Power assist gain funtion
A X1Z . Adhesion coefficient
U Hé s6 bam (ma sat) (friction)
n Hiéu suit hé thong 1ai Steering system efficiency
i Ti s6 truyén co ciu lai Steering gear ratio
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DANH MUC CAC TU VIET TAT

Ky hiéu Chu giai Notes
ABS Hé théng phanh chéng bé cirng Anti - Lock Brake System
ACC Gia toc Acceleration
ADAS Hé théng ho tro ngudi lai tién tién Advanced driver-assistance system
ADRC Kiém soat tir chdi nhiéu loan tich cuc  Active Disturbance Rejection Control
AEB Hé théng phanh tw dong khan cip Automatic Emergency Braking
AFLS Chiéu sang phia truwéc thich ¢ng Adaptive Front-lighting System
ANC biéu khién phi tuyén thich nghi Adaptive nonlinear control
ANFIS Hé thong suy luér} mo than kinh thich Adaptive neural-fuzzy Inference
rng system
BAS Hé théng ho tro phanh khin cdp Brake Assist System
BMS Hé théng quan ly pin/ac quy Battery management system
BS Phuwong phap backstepping Backstep
BSM Hé théng giam Sé:u“:é canh bao diém Blind Spot Monitoring
BSPID B didu khién Backstepping-PID Backstep - Proportional integral
derivative
CAN Mang diéu khién khu vuc Controller area network,
CBMM Can bang m6 men Moment balance
CBMMTTT Can bang mo6 men tai trong tAm Moment balance .at the centre of
gravity
C-EPS HE thong lai tro;igg glien tac dong vao Column electric power steering System
CFD Pong lwc hoc chit Iwu tinh todn Computational fluid dynamics
bPLH Pong luc hoc Dynamic
DMC biéu khién ma tran déng Dynamic matrix control
DOF Bac tu do Degrees of freedom
DP-EPS Hé thong tro lwc 14i dién hai truc rang Dual-pinion elg}clzl;lecn;l)ower steering
EBD Hé théng phan b6 luc phanh Electronic brake force distribution
ECU B6 diéu khién dién t Electronic Control Unit
EPS Hé thong 14i tro luc 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 thong canh bio phanh khéin cip Emergency Signal System
FEA Phén tich phan ti hiru han Finite element analysis
FEM Phwong phap phan t hiru han Finite element method
FOC biéu khién theo hwdng treong Field-oriented control
FWC Hé thong canh bao va cham Forward-Collision Warning
GT/T Tiéu chuin qudc gia trung quoc Natlona;?;i?z% ;) (f:}t;}ilr(:aPeople >
HDC Hé thdng hd tro xudéng déc hay dé deo Hill Descent Control
HIL Phan cirng trong vong lap Hardware in the Loop
HSAC Hé thdng h6 tro khéi hanh ngang déc Hill-start Assist Control
HTL Hé thong lai Steering system
IDE Tién hoa vi phén cai tién Improved differential evolution
1SO T8 chirc tidu chusin héa quéc t& International organization for

standardization
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KQMP
LIN

LPV

LQR

MHDH
MHDLH
MHMP
MIL
MPC
MPC

MRAC

NDO
PAS
PID

PMSM

PWM

R&D

RD-EPS

RP-EPS

RTC
SAT

SBEM

SBW
SIL
SMC

SP-EPS

SRS
SS
STR
SWA
SWT
TFC
VHDM

WFNN-AMF

Yaw

Simulation results
Local interconnect network

Két qua mo6 phdng
Mang lién két cuc bd

Bo diéu khién thay d6i tham s6 tuyén . .
Linear parameter-varying

tinh
B0 diéu khién t6i wu tuyén tinh binh . .
Linear quadratic regulator
phuong
Mb hinh dong hoc Kenitic model
M6 hinh déng luc hoc Dynamic model
M6 hinh mé phong Simulation model

M®d hinh trong vong lap
B0 diéu khién mé hinh du doan
biéu khién dw bdo mo hinh
biéu khién thich nghi bAm mé hinh

Model in the Loop
Model predictive control
Model predictive control

Model reference adaptive control

chuin
Bd quan sat nhiéu phi tuyén Nonlinear disturbance observer
Hé théng ho tro do xe Parking Assist System

B0 diéu khién dao ham tich phan ty 1é Proportional integral derivative
Pong co dong bé nam chdm vinh ciru Permanent magnet synchronous motor
biéu ché do6 rong xung Pulse width modulation
Nghién ctru va phat trién Research and development
Hé théng tro lwc l4i dién dan dong trwc Rack direct drive electric power
ti€p thanh rang steering system
Hé théng tro lwc 1ai dién dan dong bang Rack parallel electric power steering
day dai system
Tré vé trung tim Return-to-centre
mo men lai tw can chinh Self-aligning torque
Simulation based engineering
modeling
Steer by wire

Th nghiém mo6 phdng

Hé théng 14i bang day dan
Phin mém trong vong lap Software in the Loop
B6 diéu khién trwot Sliding mode controller
Hé thong 14i tro lwc dién tic dong vao  Single pinion electric power steering

truc rang system
Hé thong tdi khi trén 6 to Supplemental Restraint System
Hé thong lai Steering system
Ty 1é thoi gian truot Sliding time ratio
Goc lai Steering wheel angle

Mo men lai Steering wheel torque
Hé thong kiém soat luc kéo Traction Control System
M6 dun dong lwc hoc diéu khién xe Vehicle handling dynamics module
Mang no-ron mo wavelet stt dung ham A wavelet fuzzy neural network using
thanh vién bat déi xirng asymmetric membership function

Van t6c xoay than Yaw rate
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PHU LUC I: THONG SO KY THUAT O TO NGHIEN CUU

1.1. THONG SO KY THUAT CUA “XE THU NGHIEM”

Bing PLI.1. Thong so ky thudt xe thir nghi¢m

Thong s6 Ky hiéu Don vi Gia tri
Parameter Symbol Unit Value
Chiéu dai co s (Wheelbase) L [mm] 3050
Chiéu rong co sé (Track width) B [mm] 1600
Toa d0 trong tAm khoi lwgng dworc treo dén truc truéc X [mm] 1400
(Ox-axis distance of the front axle from sprung mass centre) U
Toa d6 trong tAm khéi lwgng dwoc treo dén truc sau X [mm] 1650
(Ox-axis distance of the rear axle from sprung mass centre) "
Chiéu cao trong tim khoi lwgng dwogc treo %
(Height of sprung mass) g [mm] >30
Chiéu cao trong tim khoi lwong khéng dworc treo truc trwdec B
(Height of front axle unsprung mass) U [mm] 320
Chiéu cao trong tAm khéi lwgng khéng dwoc treo truc sau B [mm] 300
(Height of rear axle unsprung mass) "
Khoi lwong dworc treo (Sprung mass) m' [kg] 1650
Khéi lwong khong dwoc treo truc trwée "
(Front axle unsprung mass) s L] 95,6
Khoi lwgng khong dworc treo truc sau m", kgl 93,0
(Rear axle unsprung mass)
M6 men quan tinh khéi lwong dwoc treo quanh truc 0X 2
(Roll inertia) Jx egm’] 9281
M6 men quan tinh khéi lwong dwoc treo quanh truc OY 2
(Pitch inertia) Jyy L 2788,5
M6 men quan tinh khoi lwgng dwoc treo quanh truc 0Z J [kgm?] 32340
(Yaw inertia) 7 9 ’
Ban kinh quan tinh khéi lwong dworc treo quanh truc 0X
(OX Radii of gyration) Ry [m] 0,750
Ban kinh quan tinh khoi lwong dwgc treo quanh truc OY
(OY Radii of gyration) Y [m] 1,300
Ban kinh quan tinh khéi lwong dwgc treo quanh truc 0Z
(OZ Radii of gyration) R, [m] 1,400
M6 men quan tinh truc lai 2
(Column inertia) Ja Legm?] 0,02
M6 men quan tinh truc lai 2
(Column inertia) Ja L 0,02
M6 men quén tinh co ciu 14i va dan dong 1ai quy doi 2
(System inertia) s Legm”] ~10,000426
Can nhét cda truc lai [(Nm)/(Deg
(Column damping) Ba s)] 0,002
Ma sat tinh truc lai
(Column hysteresis) M. [Nm] 0,5
Bién do géc dé tinh ving ma sat
(Hysteresis ref. angle) [Deg] 01
Khoang cach ngang tir tim banh dén tru dirng [Deg] 395

(Lateral offset @ centre)




G6c nghiéng ngang tru dirng

(Rear anti-roll bar stiffness)

(Kingpin angle) Vp [Deg] 8,0
G6c nghiéng doc tru dirng
(Caster angle) Ve [Deg] 3,5
G6c doang banh xe
(Camber angle) Veb [Deg] 0,15
P6 chum banh xe
(TOG angle) Ytoe [Deg] 0'2
Do dich chuyén thanh rang rng véi 1 vong quay vanh tay 1ai
(Column factor) [mm/rev] | 65,973
Ti s6 truyén co cau lai .
(Steering gear ratio) bss -] 16,41
D6 mém ctia hé thong lai 07
(Front steering compliance) [Deg/(Nm)][1,77.10
Ma sat nhét trong co ciu lai
(Front steering damping) Br [Ns/mm] 4
Ma sat tinh gitra thanh rang, khép cau ] 50
(Front steering hysteresis)
Bién dd dich chuyén dung dé tinh ma sat tinh truc lai [mm] 05
(Reference length) ’
Ki hiéu 16p [—] 225/60
(Tire size) R18
Ban kinh dong hoc banh xe
(Effective rolling radius) Tw [mm] 353
Ban kinh danh nghia banh xe
(Unloaded (free) radius) "o [mm] 364
Do clrng thang dirng clia banh xe
(Spring rate- Vertical stiffness) Koz [N/mm] 278
P06 clrng ngang clia banh xe %
(Lateral stiffness) Y [Nm/Rad] | 61000
Khoi lwong banh xe
(Wheel mass) MM L 25
M6 men quan tinh quay quanh truc banh xe )
(Wheel spin moment of inertia) Sy L 20
M6 men quan tinh quay quanh truc doc va ngang banh xe J [kgm?] 11
(Wheel yaw/Roll moment of inertia) v g ’
Do clrng hé treo truc trudre
(Front axle suspension stiffness) spf [N/mm] 34
Ti 1& hanh trinh nén va tra gidm chan truéc [—] 08681
(Front damper comp./jounce ratio) ’
Do clirng thanh 6n dinh ngang trudc
(Front anti-roll bar stiffness) of [Nm/Deg] 384
PO clrng treo truc sau
(Rear axle suspension stiffness) SPr [N/mm] 46
Ti 1é¢ hanh trinh nén va trd gidam chin sau -1 0.797
(Rear damper comp./jounce ratio) ’
Do clrng thanh 6n dinh ngang sau K [Nm/Deg] 344
ar




1.2. CAIPAT THONG SO CAC HE THONG CUA “XE THU NGHIEM”

Cai dat thong sb k¥ thuat ctia cac hé thong: hé théng truyén luc; hé thong 14i; hé thong
phanh; hé thong treo trudce, hé thong treo sau; banh xe

This flexibility involees all drveline parts except
the engine ftransmission, differentials, and all

'Y
_-.. Power Tlow
i

Ipterna comination mgioe bet Drive shaft rall effect tor 1ehd-ave suspension
Inteinal engine model - Internal ditferential - Cause pasitive rall -

150 kW Engine B Open Differentiak Gear Ratio 4.1:1 ¥ The drive shaft applies a roli moment between
e engine mais ang differential. Moit drivelines

Internal torgque converter madel - ause powtive roll of the engine madss during
Torgue Converter 150 kW Enging ~  Driveline Torsional Flexibility atceleration,

Internal transmission model (18 gears)  |W L i) 7] Drwe torgue pitch effect to engine body
E-Speed s Check this box if the enging Body has a pitch
Hatural trequency: 9 HI  effect from the drive torque (e.g. the differential
Damping ratioc 0.5 i mounted on the powertrain body unit). # nat
chiecked, the drive shaft applies a roll moment on
the engine body.
a. Bong co va hé thong truyén lyc
it e— e p——— Tire vertical load Tire longitudinal sl
bt bt Ling Delrvery Contralled Actuator
pressure L pressule l pressure pressure
Optianal Actuator
- | Proportioning. ™ coniaiier dynamict |
Braks torgqus ‘/
Proportioning enarste lettiight properic
Transport delay Fiond  Deliveny/line peesiune ratio | 1
Front o ]
Rean i} 1 e eery or "1, - 1
Built-in ABS control
Two-cnannel front AB Actuator dynamics
Slip OFF: Slip OM: Cut-off speed;.  Fromt  Actuator fime consiant |v 0.06
015 o 3
si-chisninal rzar ABS - Ren tusat me ant | 006
Slip OFF: Slip OM: Cut-off speed:
Q.15 - - Brake torque at wheel
Fromt Torquélpiessure coel.|™ 350 M-m/MPa
ear PO ef | ™ 150 H-m. BiPa
Beanng/brake tnction (M-mj: Front 0.5 Rear 05

b. Hé thong phanh




Steering Column Properties
Column inedia| [IEEE

Front system: column assist rack and pinion ™

kg-m2 Front rack & piniore censtant ratio o

System inertia;  0.000426  kg-m2 Clactor  £5973  mmirey
Column campleg:. 0002, - Mwvifdeg Steering Linkage Kinematics

AR TeTeii 05 T Rack 10 font wheels: Steer Kinematics |

Hysteresisrel. angle: 0.1 deg  EClamSedan 0¥

Calculate torgue from kingpin moments |

Define steer angles in vehicle coordinates ¥

Kingpin Geometry Left-Front Right-Front ~ Compliance

-

Rear steenng type: no reas steenng.

Lateral offset @ center  39.5 %5 mm
Kngpin indination:. 8.0 B0 deg
Xcoord of KF @ center 1.0 10 mm
Caster angle: 35 15 deg Front steering hysteresis: 50 N
Front hys reference length: 05 mm
Speed-Senuitive Ground-Friction Steer Torgue
Front Wheels: Parking Torque -
; =
Left-Front Right-Front
Frant View Sicte View Seng Rofy 5 5.
Kingpin Caster angle = Steering stop stiffness: 0 o HN-mideg
=
Power Steering System
Cofumn Assit Torque: Power Assist Torgue | Miscellaneous: v
i  D-Class Sec an = olumn Assist -
Torsion bar stiffness: 1 Nmideg
c. H¢ thong lai
Tire Model Option Mass and Inertia Animator Settings _
Internal Table Model with Simple Camber Mass: 5 kg mﬂmﬂm“ T it
Reference vertical force: 5000 M Spin moment of inertia: 2 : 5 mm
Yaw/Toll moment of inertia: Animatar: Shape Asiembly el
Vertical Farce [ Uise tire foree tabie 11 e _ .
Effective rolling radius 153 mem
Unloaded ffree] radius: 3H mm [ ICustom settings
Spring rate: iy | H/mm
Maximum aliowed force: 100000 N Wheed
Inchnation Z
Rolling Resistance Moment TheX, ¥, Zaxes (DBMmMA)
Br_c 0.0041 * define the tire/ground
coordinate system
RI_¥ 0.00003 hkm L tor Fx is function of kappa and Fz i
{8 Inciude roliing resistance due to Fx ] Lx Variable. Scaled to Tie -
Shear Forces and Moments Lfor Fy and Mz it function of alpha and Fz ¥
Longitudinal Force: Tire: Fx v Fa. Mx' v -
. wmsmoR 0000 v thp (aipha) == = —————
v T P = X No fag in Fxor high speed or decreasing stip ¥
T | Voo o contact ot P e
Aligning Moment: Tire: Mz v, Low speed hmit: 2 2 kmh
. asgoRE Y
= Contact Patch Dimensions
o s - b ™
B include combined sfip transition Conttant width |+ 225 mm
Trandition factor 11 -

d. Banh xe




Mass and Inertia Each Side

Unsprung mass (both sides): 95.6 kg Unsteered unsprung mass:
Fraction steered (0-1): 0.708368 - Steered unsprung mass:

Spin Inertia (spinning part):

Geometry XN/ZZ Inertia (spinning part):

i

+
Sprung mass origin

X movement as function of jounce

Set wheel center reference height here

13.84
33.86
0.69
0.35

0

Lo Kinematics Due to Jounce
Wheel centers l Jounce at design load: ~
Dive as nonlinzar function of jounce

kg
kg
kg-m2
kg-m2

mm

| v

Camber as nonlinear function of jounce |

Lateral coordinate of Front SLA - Camber Change

suspension center: 0

-¥ movement as function of jounce

Dimensions are in millimeters .

MNote:
No roll center location is specified because the Toe as nonlinear function of Jounce
location and movement of the wheels are ok GA Toe Channe.
defined by kinematical data. ESDESIA R CHADOR
Static Alignment
Camber: -0.15
Front End View Toe: 0.2
= Camber C ings
Top View Custom setting
-Toe

e. H¢ thong treo trude

deg
deg




Mass and Inertia Each Side

Unsprung mass (both sides): 93 kg Unsteered unsprung mass: 48.5 kg
Fraction steered {0-1); 0 . Steered unsprung mass: 0 kg
Spin Inertia (spinning part): 0.69 kg-m2
Geometry XX/ZZ Inertia (spinning part); 0.35 kg-m2
1600

Kinematics Due to Jounce

l unce at design A 0 mm

Wheel centers

0 deg/mm
I
Sprung mass ongin T L . R
Rear 5-link - Longitudinal Movement "
. heel center reference height here
Camber as nonlinear function of joun
Lateral coordinate of Rear 5-Link - Camber Change
suspension center: 0
Dimensions are in millimetars R e = R
Rear 5-Link - Lateral Movement

MNote:

Mo roll center location is specified because the
location and movement of the wheels are
defined by kinematical data.

Rear 5-Link - Toe Change

2ar tfuncoion at jo

Static Alignment
Camber: a deg

Toe: 0.1 deg

Front End View

= Camber )
Top View

+Toe

£ Hé théng treo sau
Hinh PL1.1. Cai dit théng soé kj thudt cdc hé thong ciia “Xe thir nghiém”

1.3. CAI PAT PAU VAO, PAU RA CUA “XE THU NGHIEM”

Bing PL1.2. Bing théng sé tin hiéu ddu vao cho mé hinh Carsim

. - Native
No Keyword | Units | Component Description Value
1 IMP‘S’ITI\E: ER.T. N-m Steering Steering input torque VARIABLE
2 | IMP_SPEED | km/h Speed Imported target speed for speed VARIABLE
controller controller
3 IMP‘M‘lB 00ST N-m Steering Steering gear boost torque VARIABLE
Bing PL1.3. Bing théng sé tin hiéu ddu ra cho mé hinh Carsim
. Full Legend .
No| Name | Units| Type | Compo Name Label Description
nent
Steering Steerin
1 M_SW N-m | Torque |Steering| wheel 8
wheel
torque
2 | M_LTBAR | N-m | Torque |Steering | Steering | Steering




torsion

bar
torque
Steering
moment | Steering
3 Mz KP_L1| N-m | Moment |Steering| about about
kingpin | kingpin L1
L1
Steering
moment | Steering
4 Mz KP_R N-m | Moment | Steering| about about
1 . L
kingpin | kingpin R1
R1
sﬁ\e)ﬂfii Axle 1
5 | F_Boost1l N Force |Steering boostg power
steering
force
stAe);lreirll Axle 1
6 'M_Boostl| N-m | Torque |Steering & power
boost .
steering
torque
Steering Steerin
7 | Steer_SW | deg Angle |Steering| wheel &
wheel
angle
. Axle 1
8 | Y_Rackl | mm Displace Steering | steering AXle.l
ment : steering
rack disp.
Steering angle of wheel
due to kinematical
Wheel L1 | Wheel L1 o
. ) . . .| effects: control divided
9 | StrK_L1 deg Angle | Steering | kinematic| kinematic : :
by gear ratio, subject to
steer steer . . .
nonlinear kinematical
shaping, added to toe.
Wheel R1 | Wheel R1
10 | StrK R1 | deg Angle | Steering | kinematic| kinematic
steer steer
Wheel L1 | Wheel L1
11 | StrC_L1 deg Angle |Steering| complian |compliance
ce steer steer
Wheel R1 | Wheel R1
12 | StrC_R1 | deg Angle |Steering| complian |compliance
ce steer steer
Total road wheel steer
due to kinematics and
13 | Steer_L1 | deg Angle | Steering Wheel Wheel compliance. Defined as
steer L1 | steer Ll . .
rotation with respect to
the sprung mass Z axis.
: Wheel Wheel
14 | Steer R1 | deg Angle | Steering steer R1 | steer R1




Steering wheel angle

Axle 1 Axle 1 .
15 | StrSWr_1| deg Angle |Steering| reduced | reduced leIde.d by the cor.lstant
steering gear ratio for
SW angle SwW .
this axle.
Steering
angle Steering | Steer angle about the
16 | AStKP_L1| deg Angle |Steering| about about | kingpin axis (multibody
kingpin | kingpin L1 steer angle)
L1
Steering
angle Steering
17 |AStKP_R1| deg Angle |Steering| about about
kingpin | kingpin R1
R1
Steering
18 |StrAV_SW | deg/s Angular Steering wheel Steering
rate angular wheel
rate
Axle 1
. steering Axle 1
19 |VY_Rackl | mm/s | Speed |Steering rack disp. | steering
rate
Arc-tangent of the ratio
Lateral of lateral to
20 | Alpha_L1 | deg Angle Tires |slip angle, Tire Ll. longitudinal Veloqty at
tire L1 lateral slip the centre of tire
contact: ATAN2(Vy,
Vx): instant slip angle.
Lateral .
21 | Alpha_R1| deg Angle Tires |slip angle, Tire Rl.
. lateral slip
tire R1
Tire L1 Tire L1
22 | Fx L1 N Force Tires | longitudi |longitudina
nal force 1
Tire R1 Tire R1
23| FxR1 N Force Tires | longitudi |longitudina
nal force 1
Tire L1 .
24 | FyL1 N | Force | Tires | lateral | LreéLl
lateral
force
Tire R1 .
25 Fy_R1 N Force Tires lateral Tire R1
lateral
force
Tire L1 .
26 | Fz_L1 N Force Tires | vertical Tlre. L1
vertical
force
Tire R1 .
27 | Fz_R1 N Force Tires | vertical Tlre.Rl
vertical
force
Curvatur Path curv,| SM sensor | The instant curvature
28 | Rho_S1 1/m e Sensors SM 1 unit 1 of the path of the




sensor 1 | path 1/R sensor point.
unit 1
Longitud
. inal Chassis Long. . | Unit 1 total The [ex] component of
29 Ax 8S |, ccelerat! motion accelerati cG the acceleration of the
ion on, unit 1 instant CG of unit 1.
' Lateral Chassis Lateral | Unit 1 total The [ey] component of
30 Ay g's |accelerat motion accelerati cG the acceleration of the
ion on, unit 1 instant CG of unit 1.
Lopgltud Chassis Longitudi Unit 1 total The [ex] cor'nponent of
31 Vx km/h inal motion nal speed, cG the velocity of the
speed unit 1 instant CG of unit 1.
Lateral | Chassis Lateral Unit 1 total The [ey] corpponent of
32 Vy km/h speed | motion speed, cG the velocity of the
P unit 1 instant CG of unit 1.
Yaw rate, The [kz] component of
Angular SM SM sensor the angular velocity of
33 | AVz_S1 | deg/s 5 Sensors 1 unit1 & Yo
rate sensor 1 the sprung mass of unit
. yaw
unit 1 1
The Euler yaw angle of
the sprung mass of unit
34 Yaw deg Angle Cha§51s Yaw, unit Unit 1 yaw 1. This is also the yaw
motion 1 angle as commonly
used in vehicle
dynamics.
The side-slip angle of
the vehicle unit. It is
calculated as
. : . ATAN2(Vy, Vx), where
Chassis |Unit 1 slip . .
35 Beta deg Angle motion angle Unit 1 slip | Vy and Vx are the [ey]

and [ex] components of
the velocity of the
instant centre of gravity
of unit 1.




Cai dat thong so tin hi¢u dau vao cho mo hinh Carsim.
r@ [CARSIM2020.2] 1/ Channels: Import; | Steering System: Control and External Models | Replace Entire Steering System #1_OUAN =
File Edit Datasets |ibraries GoTo View Tools Help

€~ - @ 23 B DC p Bmmee x = e ? a

O

p.S

12-24-2025 155820

| Fon Home Previout Nest Dupheste Unds Lib Tool  Parsfie Desete Heip
/O Channels: Import
- Choose run to get import information ¥ CL: Replace Entire System ¥ Results\Run_f4105078-0442 4770971 View Spreadsheet
This tabbed text file fists 320 import variables.
Categories Available Variables
Select by type of companent b .m: X ﬂi_:-glﬂl BRSRIEARERRLRE . Mode  Initial Value =
'%:!.:f‘mamss.. RERSEE—— T m, variable | 1 IMP_STEER_T_IN ilunlm] | oo
ral L 4RI
IMP_MX_AERQ (N-m) up/dawn Repla 0.0
T IMP_MY_AERO [N-m) in the list [Rapiace |
Speed contraller IMP_MZ_AERO (N-m) 00 |
SHFiing gk IMP_WIND_HEADING [deg] ﬁ
b Steering IMP_WIND_SPEED (km/hj
Suspensions
N Tires
=G
& Models: Simulink: Driver Model
it Animator Camera Setup: 0 Azm, 5 El, 27 Cleat
& Vehicle with Loads, Sensors, Traller, etc, List
% Procedures: Sine Sweep Steer Torgue in
i Plot: Setup: Steer Torque
[ Plot: Setup: Power Steering Assist Torqu
& Plot: Setup: Longitudinal Speed [Vicz_Fw =
% Plot: Setup: Lateral Accel, of CG's vs, Tim u ‘Dauble-click to activate a variable -
+ Plot: Setup: Yaw Rate of Sprung Masses Activated import variables can be calculated using equations that
& Plot: Setup: Vehicle Sideslip Angle you provide hete. Two options are: Optional cquations:  Double-click a row number to deactivate a variable
i Plot: Setup: Road Wheel Steer Angle -F |
; e ki S EQIN <name> = <expression> | 3
EC_DYN <name> = <expressions;
v where <name> is the name of the active import variable and
< i is an algebrai i g math model
vlll_aum. Other VS commands can be used to define auxiliary %
Expand  Collapse  Refresh  Reset variables. i ¥

Hinh PL1.2. Cdi ddt tinh hiéu diu vao (Input signal setting)
Cai dat thong s6 tin hiéu dau ra cho mo hinh Carsim.

-
@ ICARSIM2020.2] I/D Channels: Export; | Steering System: Control and External Models } Replace Ertire Steering System =% ]
File Edit Datasets Librares GoTo View Tools Help

€~ -2ty m F D e x = e ? 3

x

07-23-2025 114332
Formprd  Home Pevious Nec Duplicste Undo Fedo  LbTool Parfe

Help
/O Channels; Export
- Choose run to get export information * Sine Sweep Steer Torque Test W Results\Run_b0Sdedes187a-260c-2c0 | View Spreadsheet
This tabbed text file fists 548 output variables, I
Categories Output Variables Variables Activated for Export
Select by type of component vl [Betadir - Aro ship anale vehice (deql = Move i 3
T amamics " dIdXair - X slope at road aero reference 1 -} selected 2 M _Toar |
“dales dZdvair - ¥ slope at road aero reference 1 (4 variable 3. Mz_KP_L1
Brakes Fu_Air - Aera Fr, vehicle [N} up/down 4 Mz_KP_R1
Chassis motion Fy_Air - Aero Fy, vehicle (N} In the list 5, F_boost
Database Fz_4ir - Aero Fz, vehicle (M) 6 M_baost
Deiver model Mi_Air - Aero M, vehicle (N-m) 7. Steer_SW
- External actions My_Air - Aero My, vehicle (N-m) - 8. ¥_Rackl
Ground and road Mz_Air - Aero Mz, vehicle (N-m) 9, St L1
Powsrtrain Ptchazro - Aero pitech of sprung mass (deg| 10. Strk_R1
=i {CarSim Alun Control: Double Lane Change & Speed contraller PichGndA - Pitch of ground for aere (deg) 11.54eC_ 11
Models Simulink Driver Model Steering Wair - Alr speed relative to vehide (km/h| 2 12 StrC_R1
Y X Suspensians Vwind - Wind speed [km/h) 13. Steer L1
+i Animator: Camera Setup: 0 Azm, 5 €1, 27 Time Xrd_Air - X coord. of road aera ref. 1 (m) 14, Steer_R1
[ Vehicle with Loads, Sensors, Trailer, etc Tires Yaw_Wind - Global wind heading lyaw| (deg)] Clear 15, StrsWir_1
& Procedures: Sine Sweep Steer Torque In Wheels Yrd_Air - ¥ coard. of road aera ref, 1 |m] List 16. Strikp_L1
f) Plot: Setup: Steer Torque Zgndivel - Average ground height, ade 1 (m} 17, Stikp_R1
i 3 ; ZgndAve? - Average ground height, axle 2 (m) 18, SUAV_SW
(i Plot: Setup: Power Steering Assict Torqu Zrd_air- Z coord. of road aera ret. 1 (m) 19, Vy_Racki
@ Plot: Setup: Longitudinal Speed (Viz_Fw - Z_Aero - Height of aero ref pt above road (m) ol 20. AlphL_L1
i Phot: Setup: Lateral Accel. of CG's vs. Tim Double-click on a variable name above to activate it 21. Mlphl_R1
{ Plot: Setup: Yaw Rate of Sprung Masszs Export variables can be created using Double-tiick on a variable
i Plot: Setup: Vehice Sideslip Angle equations that you provide here. The syntax is: name above to deactivate it
[# Plot: Setup: Road Wheel Steer Angle - F
DEFINE_OUTPUT <name> = <expression» ; <units> =2
where <name> isthe name of the new output variable
¥ and <expressi % an p ]
math model variables. Other V5 commands can be used
to definz auxiliary variables. -
Expand Colispse Refresh = Reset L) L
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Chocse run 1o get oot information. ¥ I SngSeep Sieer Tomun ot~ Resuts\fun b000etel BT4-460c-83  View Sprascsteet

Categaories
Sulact by Yype of componiant
| Aerodynamics
Astes

e anes

Chates motion
Database

Dirtwer model
External actions
Grours and read
Pewertrain
Spewd controler
Stewrmg
SuURpEnENg
Time

Tirws

Whael

Export varables an be oeated using

sguations thal you provide here. The syntas s:

Output Variables

d2dXair - X thope at road asnn reference 1 (-}
dZgai « ¥ slope ot road sero reference 1 ()
Fa_Aa - Aero Fu vehide (NI
Fy_Air - Agro Py, vehics (M)

Fo_far - Awro Fz. verucle (N

Mx_Agr - Asrg My, vehicie [M-m)

My_Air - Aero My, versde (N-m)

Mz_Ak - Aeer Mz vebede N.m)
Plchlenn - Awro prich of sprung mass ideg)
PrenGndA - Pich of ground for aero degl
Wair - Air speed relative 1o veksde (emh)
Wi - Wind speed [km/h)

Mrel_Nir - X coord, of rosd sero rel. | (m)
Yam Wind - Global wind heacng (yaw) (deg)
Yrd_fir - ¥ coord, of rosd sero rel. | jm)
Zgrodwe] - Avrage ground hesght e 1 {m)

Denitie—cSek on & variable narne above 1o aCwEe 1

Cpticnal squanone

DEFINE_OUTPUT sname> = <eupressions : €unifss

whang <namae» i the name of the new output varisble and
« eTprENon » § @0 alpebwaic expresson imvoiving math
model vanables. Other VI commands can be used 1o define

ankiry variateeL.

Move
werTEd
wanabie
upyown

@
\ 4

Varisbles Activated for Export
18, Sarkv_SW

19, Wy_Rack

20, Aiphi_L1

1, Alphi._R1

22kl

3. M

2. Fy L1

2% Fy R

268 Fr LY

T e

28, he_Road

29, &x

30, Ay

v

2w

33 AV

i Yaw

35, Beta

Doubie-Ock on & varatle
Aame Aove b deactivate it

Hinh PL1.3. Cai dt tinh hiéu ddu ra (Output signal setting)
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PHU LUC II: CAC NOI DUNG BO TRQ CHO CHUONG 2

2.1. MHPLH HINH THANG LAI KHI XEM CAC KHAU CUNG TUYET DPOI

Cac gia thiét khi xay dung mé hinh: Coi cac khau I, [;,lg, Iy 13 cimg tuyét dbi. So
dd PLH hinh thang 14i, chon hé truc toa d6 XOY ¢ gdc toa d6 1a diém C, ky hiéu kich
thudce, goc quay, goc dit cac khau va ky hiéu cac khdp trong hé thong 1ai nhu Hinh PL2.1.

Hinh PL2.1. So do MHPH hinh thang ldi Ackermann

2.2. DPONG HOC HINH THANG LAI KHI XEM CAC KHAU CUNG TUYET POI
2.2.1. Xay dung mo hinh toin hgc dong hoc hinh thang lai

2.2.1.1. Xac dinh toa do va vi tri cac khdau, khop
1) Xac dinh toa do cac diém A,B,C.D,E,F,N,L

{xc =0 {xB = —lgsingg { X4 = xg—lssings {x,\, = xc + asin(g — Qo)
ye=10 yp = lgcos@s \y4 =yp + lgcosps \yy = yc— acos(pg — 9g0)

{xp =0 { Xp = Xy { xXp = Xp—lgsingg {xL = xp + asin(pg — Pgp)
ye=m Wp=yat+ly Y = Yr + lgcospg \y, = yr + acos(pg — @gp)
2) Xac dinh dich chuyén ciia thanh rdng y, va ny,n,

Ly—1, L—1,
m = pT T QpTp; My = pT T OpTp Yr = PpTp; 2.2)
Ll
Ty

2 - Jr

1,—1
_ p T . —
n1——2 Ty, n; =

2.3)
3) XdC dlnh ()05' (p6i 907: (p8

12



T so d6 ddng hoc ta co:

L+l =h+m,; (2.4)
=2 2 =h%+n2+ 1%+ 2hn,c0590° — 2hlscos(90° — @s) — 2nylscos@s
= h?+n? + 1% — 12 — 2hlssings — 2nylscos@s = 0 (2.5)
= @5 = Zarctg% (2.6)
=  h%+n? + 12— 12— 2hlssings — 2nylscos@s = 0 (2.7)
Dit: D =— 2hlg; E — 2n4lg; F = h? +n? + 12 — [
n2 2_R2
= Qg = 2arctg% (2.8)
Twong tw ta co:
e+l =h+7, (2.9)
W e
p; = 2arctg——
K (2.10)
Wrra:
Pg = 2arcth

Véi: G = — 2hl;; H =—2ny,l5; K = k2 + nd + 12 — [3; L =— 2hlg;
M==2n,lg; N=h>+n3+ 13- I2

2.2.1.2. Xdc dinh vin toc cic khiu

1) Xdc dinh vin toc dich chuyén ngang cia thanh rdng
Vr = @rTyp (2.11)
Trong d6: r,- ban kinh truc rdng co céu l4i.

2) Xac dinh @s, e, 97,98
Chiéu phuong trinh (2.19) 1én hé truc toa d6 XOY ta c6 hé phuong trinh:
{— lesinpg — lssings =— h :>{ — lgcosQe®e — lscospsps = 0

lecospg + lscos s = ny — leSinpgpe — lssings@s =— 1y

{‘f% =—n1c05¢5/(lssin(ps — ¢s))

) ) ] 2.12
s = 1cospe/(Issin(Ps — Ps)) 2.12)

Tuong tu chiéu phuong trinh (2.23) 1én h¢ truc toa d0 XOY va dao ham ta co:
{ @7 = nycos@g/(l7sin(pg — @7))
(g =— Mycos@7/(lssin(pg — ¢7))
2.2.1.3. Xdc dinh gia téc cdc khiu

1) Xdc dinh gia téc dich chuyén ngang ciia thanh rang

(2.13)

Dao ham phuong trinh (2.11) ta c6:
Ve = ey @.14)
2) Xac dlnh (;[)5' @61 ('p7, (;[)8

13



Dao ham h¢ phuong trinh (2.12) ta co:

{ leSinQesp — 1sc0sQsP6 + lssings s — lscospsps = 0
— Llc059s (g — lgsingepg — lscospspé — lssingsps =— iy

{ s = (esinge} — Lcospeis + ssingsd)/(s. sings) 0.15)
Pe = (ﬁl - 16005906‘?’% - lsCOS@S‘P%)COS@s/(leSin(fpe + ¢s))

Dao ham h¢ phuong trinh (2.13) ta co6:

{ @7 = (lgsinpgps — lgcosgipg + l;sing;93)/(1;. sing;) (2.16)
Pg = (ﬁz - 18005908‘?’% - l7COS<P7<P%)C05<P7/(l75in(§08 + ¢7)) .

Tong hop cac phuong trinh ta co:

Hé phuong trinh x4c dinh vi tri géc quay va dich chuyén cua 5 khau gom thanh ring

L., don bén [5, don bén [;, ngdng truc banh xe bén phai s, ngdng truc banh xe bén trai lg

g6m hé phuong trinh ¢6 5 phuong trinh, ¢6 5 an 13: y,, @s, @¢, @7, Pg.

( Yr = @pTp

2 2_c2
Qs = Zarctg%
W oy

{ P¢ = 2arctg E—F (2.17)
W v
Q7 = 2arctg‘T
LTI
\('08 = Zarcth

Hé phuong trinh x4c dinh van tdc goc quay va van toc dich chuyén cta khau gom 5

phuong trinh (2.18), ¢6 5 an 13: y,. @5, P¢, P7, Pg.

( yr = (/jprp
@5 = 11c05@¢/(lssin(@g — @s))
{ @6 =— N1c05@s/(lgsin(@e — @s)) (2.18)

@7 = Mpc089g/(l75tn(@g — ¢7))
\Pg =— Npc0s@7/(lssin(eg — ¢7))
Hé phuong trinh xac dinh gia téc cac khau gdm 5 phuong trinh (2.19), ¢6 5 an la:

(;bd' j}r' @51 ¢6' (;[)7' (p8

( Vr = (;brrp
&5 = (lgsinpe®é — Llscos@esdps + lssingsp3)/(Is. sings)
{ P = (1 — lgcospspt — lscosps@E)cosps /(Lssin(@e + ¢s)) (2.19)

Py = (lgSinfﬂsfpé — lgcospgipg + l7sin<p7<p%)/(l7.sin<p7)
(Ps = (ﬁz — lgcos@g (g — l7COS<P7<P%)COS‘P7/(175in(<P8 + ¢7))

H¢ phuong trinh xac dinh vi tri 8 khop A,B,C,D,E,F,N,L

{xc = 0 {xF = 0
Ye=0 yr =0
_ _ (2.20)
{xB = —[gsingg { x4 = xgp—Issingg
yp = lsCOSQg Ya =Yg+ lgcoses
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{ Xp = X4 { Xp = Xp—lgsingpg
Yo =Yatl Vg = Yr t lgcosog
{xN = x¢ + asin(ps — Peo) {xN = X¢ + asin(@s — ¢g0)
Yy = Yc —acos(9g — @g0) Yy = Y — acos(pg — Pgp)
{xL = xp + asin(pg — Qgo) {xL = xp + asin(Qg — ¢go)

Y. = Yr + acos(9g — ¢go) ¥, = yr + acos(gs — ¢gp) )
Nhu vay tur cadc hé phuong trinh trén ta c6 thé xac dugc quy dao, vi tri, van tdc va

gia tc cua cac khau, khdp trong hé thong 14i.
2.2.2. Xy dung dic tinh dong hoc quay vong banh xe din huéng

Puong dic tinh 1y thuyét quay vong diing ciia banh xe dan hudng:

cotgd, — cotgdy By = L,/L (2.21)
Puong dac tinh theo dong hoc cua hinh thang lai:
82 = 81 = (8 — 0s) (2.22)

Do léch goc quay banh xe din hudéng theo 1y thuyét va theo dong hoc ciia hinh
thanh lai:

A8 = 81y — Ot (2.23)

Trong do: 85, 8150 O1¢¢- gO0¢ quay banh xe dan hudng bén ngoai, bén trong theo ly
thuyét va theo thyc té.

2.3. DLH HINH THANG LAI KHI XEM CAC KHAU CUNG TUYET DbOI
MHPLH hinh thang 14i Ackermann khi xem cac khau cing tuyét déi nhu Hinh

PL2.1. Dé xdy dung cac phuong trinh dong Iuc hoc cho cac khau va xac dinh lyc tac
dung 1€n cac khau khdp ta can tach lién két gitra cac khau, dat cac phan luc, cac luc quan
tinh va m6 men quén tinh 1én tirng khau.
2.3.1. X4y dung phwong trinh dong lwc hoc thanh rang

So d6 MHDLH thanh ring [, nhu hinh sau:

T
g o "
Fﬂ . "l,l Fmr Freq F A A ,
Die — o w0 =g/
@ * D T .'II ‘ — 9
E F,r B
/8 TN, A
Hinh PL2.2. MHDLH thanh ring 1,
Tir so do ta co:
XFy F3.sing; + F%.sings—FF. cosp;+F}.cosps + N, = 0 (2.24)
XFy: F%.cosg; + F%. cosps+Fb. sing;+FL. singps — ([KreqVr + Dyegyr] — (2.25)

[Breqyr + FreqSign(jIreq)]) + Fmr =0
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F}.cos@; + Fj. cos@s+F). sing;+F ). sings — ([KyeqVr + Dyegdr] —

[Breqyr + FreqSign(yreq)]) + mreqy.r =0
XM, NI /2+Fl,cosps—F%l sings (2.26)
Vi Fpy = myeyi 2.27)

2.3.2. Xay dung phwong trinh dong lwc hoc thanh bén l5
So @6 MHPLH thanh bén Is nhu hinh sau:

=

A P s F'g

e S A F" ‘ 0 ‘
LM M _ .

f R r. ] mS Fn /

I F, ‘. *B

Hinh PL2.3. MHDLH thanh bén lg
Tu so do ta co:

Theo phuong AB: ms FF—Fp =0 (2.28)
Theo phuwong LAB: FL+Fr . —F, =0 (2.29)
CBMMTTT Flls/2 + FLls/2 — M5 = 0 (2.30)
Voi: F'o = msal = msls@?/2;
M5 = Js@is; Frps = msal = mglsgis/2
Tur d6 ta co: FL + mslsgs/2 —FL =0 (2.31)
F? —msls?/2 — F =0 (2.32)
Fuls/2 + Fpls/2 — Js¢s = 0 (2.33)

2.3.3. X4y dung phwong trinh dong luc hoc cum banh xe bén phai
So d6 MHDLH cum banh xe bén phai nhu hinh sau:
Tir so do ta co:
Y Fy: Fey+ Fisings — Fpcos@s — Flg — Fop =0 (2.34)
Fe, + Fsings — Fhcos@ps — mg@ — Fi,p=0
Y F,: F¢, —Fjcosps — Fpsings — Fie + Fyr =0 (2.35)
F¢, — Fgcos@s — Flsings — mels92/2 + F,r=0
XM lgFpsin(@s — @s) + LgFpsin(ps — @s) + Frglys — Mg — Ty = 0 (2.36)
leFgsin(pe — @s) + lFpsin(@s — @s) + Figlys — Mg — Tpr = J 6@
V6i:  Fre =mglsg/2;  Fre = med; Mne = J6Ps (2.37)
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Hinh PL2.4. MHDLH cum banh xe bén phai

2.3.4. Xay dung phwong trinh dong lwc hoc thanh bén 1,
So @6 MHPLH thanh bén I, nhu hinh sau:

\F'o
‘D FY%
Mnz Enf-.'?r-’ o
By VP
/S
\ Fle

Hinh PL2.5. MHDLH thanh bén 1,
Tur so d6 ta co:
Theo phuong DE:  FL + Fp; —F =0
Theo phuong LDE: Fg+ Fge; —Fp =0
CBMMTTT: FTl,/2 + Fhl;/2 —M,,; =0
Vi FI o =m,al =m,l,¢,/2;

Fp7 =mz.a; = m7l7('p%/2; M7 = J7¢7

(2.38)
(2.39)

(2.40)
(2.41)
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Tur d6 ta co: FL +m,l,¢,/2 —FL =0 (2.42)
F%—myl,9%/2 — F% =0 (2.43)
FLl,/2 + FYl,/2 — ], = 0 (2.44)
2.3.5. X4y dung phwong trinh dong luc hoc cum banh xe bén trai

So dd MHPLH cum banh xe bén trai nhu hinh sau:
Fxf

lw1

Hinh PL2.6. MHDLH cum bdnh xe bén trdi

Tt so do ta co:

Y F,: —Fp, + Fgsing; + Flcosp; + FT o + Fye=0 (2.45)
—Fp, + Fising, + Ficosg, + mg@g + Fip=0

Y F,: —Fp,— Ficosp; — Fising,; + F'g + Fyr=0 (2.46)
— Fp, — Fgcosp; — Flsing; + mglg@3/2 + Fy, ;=0

Y My LFEsin(pg — ¢7) + lgFpsin(pg — @7) + Figlys — Mg — T = 0 (2.47)
l;FEsin(@g — @7) + IgFpsin(@g — ¢7) ++ Frglys — Ty — Jg@g = 0

V6i:  Flg = mglgp§/2; Fug = Mg@g; Mg = Jg@s (2.48)

Téng hop ta c6 hé phuong trinh DLH cua hinh thang 14i Ackermann nhu sau:
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( F}.sing; + F%.sings—F7. cosp,+FY. cosps + N, = 0
F%.cos@; + F%.cosps+FY. sing,+FL. sinps + MyeqVr
= [KreqVr + DregVr] = [BreqVr + FreqSign(Vreq)]
N,l,/2+Fl,.cosps—F%l.sinps = 0
FY +mglspps/2 —F, =0
Fi —msls2/2 — F3 = 0
Fhls/2 + Fpls/2 — J5¢s = 0
Fey + Fisings — Fpcos@s — Me@s — Frp = 0
F¢, — Fgcos@s — Flsings — mgle@2/2 + F,. = 0
leFEsin(@g — @s) + lgFpsin(@s — @s) + Mgl @ — Tpr = J6P6
FL +m;l;4,/2 —F0 =0
Fi —ml;95/2 = Fj = 0
Fily/2 + Fply/2 = ]7(7 =0
—Fp, + Fsing; + Fhcos@; + mggg + F,; = 0
— Fpy, — Fgcosp; — Flsing; + mglg@3/2 + F, =0
\UsFEsin(pg — ¢7) + lgFpsin(pg — @7) + mgly 1@ — Ty = J5s
Nhu vay da xay dung dugc 15 phuong trinh vi phan dong luc hoc cua hinh thang lai
Ackermann, trong d6 c6 15 an: Freq Ny, F, Fr,F% FL F FY FY FLF .., Fey, Fry Fry;
y,. Cac an ¢;, @, ¢; (i = 5 +8) da duoc xac dinh trong phan dong hoc.
Tu cac h¢ phuong trinh (2.17), (2.18), (2.19), (2.20) va (2.48) khi tac dong md men
lai vao vanh tay l1ai va mo men tr¢ lyc tdc dung 1én truc lai ta c6 thé xac dinh dugc dich

(2.49)

chuyén thanh ring, goc quay, van tdc, gia téc cua cac khau trong hé thdng 14i, gbc quay
cua banh xe dan hudng va toan bd lyc va phan luc tic dung 1én cac khau va cac khép

trong hé thong 14i.

19



PHU LUC III: XAY DUNG MO HINH MO PHONG

3.1. XAY DUNG MHMP XAC PINH TAI TRONG PHAN BO LEN BANH XE
MHMP xac dinh tai trong phan bd 1én banh xe nhu hinh sau:

Fz1 |
—»|R P sl

FZzo
v fen

Fz4 |

Load distribution model
Hinh PL3.1. MHMP xdc dinh tdi trong phén bé lén bdnh xe

3.2. XAY DUNG MHMP PLH BANH XE DAN HOI
MHMP DLH banh xe dan hdi nhu hinh sau:

Fn1 Fn2

o

Dfp Tl a2

[a k.leg]]
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Fn3 Fn4

Hinh PL3.2. MHMP DLH bdnh xe dan hoi
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3.3. XAY DUNG MO HINH XAC DPINH MO MEN CAN QUAY VONG

MHMP x4c dinh m6 men can quay vong nhu hinh sau:

4
“%:D*I"W _
g e = =i/
_%p
> W—» -
DF2] ':W—b :

Hinh PL3.3. MHMP xdc dinh mé men cdn quay vong

3.4. XAY DUNG MHMP DAC TINH TRO LUC HE THONG LAI TRQ LUC DIEN
MHMP dac tinh tro Iuc hé théng 141 tro luc dién nhu hinh sau:

[Td] > > Td

4 s
fen

EPS MAP
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t, k|, TE, N, K, W1, ¥vI, vie)

amin*eign{Td) ) )*{n-1) - 1) * [To-Tonin*cign{Td});

if (vin > 20
if (ab

T % gd1 * abs(Td){n:1) - 1)F(TA)) <= (KeLE{Ténax-Tdnin}))
= (ET * Kd1 * abs(Td)+{n-1) - 2)*{Td};
| w1%{ Tdnax-Tdnin) )1

tv1*{ Tdnax-Tdnin] )

T * K0~ abs((Td-Tdnin=sign (T vin- 31" (Td-TdnIr*sLan{TE) ) 4= &)

K * abs((Td-TemlnsLegn(Td)) )=in-13 - Q1=(Te-Tdeln®slgn{Td)} <= (RV1*{TAnaxK-Tdils

ranlisign(rdl ) > 2} &8 ({
103
TanLn*sisn(Td)) > @) && ((Kr * Kd = abs((Td-TORIN*SLEA(TAY) )~ (n-13 - 01=(Ta-Tomin*sieni{Tdy) » (Xwl*{Tomax-Tanin)

5=8)

<@y & ((RT = g * absC(Td-Tamin®sign(Td)acin-1) - b= {0 (TemaK- Tdmin

€= (-€ui*{Tamae-Tamin

@) &b (KT * Mo = abs{(TH-Tdmin*s1gn(Ta))i(

2 b Bk (Vin ¢= 108/3.6)
=2} &b (kT * Ed * abs{({Td-Tdnin*signi{Td}})*[r-3) - k)=(Td-TdainFsign{Tdy} <= 8)

Tamin®sign(Td) ] » @) &8 ((K7T ¥ Bd * abs((Td-Tonin®sign(Td}) ) (n-3) - k)*(Td-TaminTsign{Td)} <= (KU1*{Tdmayr-Tdmin
D
Td-Tamin®sign{Td] ) » @) &8 ((KT ? ®d * abs((Td-Tdein*zign{Td)) )~

(n-3) - %)
Td-Tdain®sig)
3y =

51 - kYR(Td: Tdmin®sign(Td)) s (swl*{ Tomax-Tdrin)

abs({Td- Tomdn*sign{Td} )}~ {n-) - K¥*{Td-Témin®cign(Td}) 3= 2}

5
F {Td«d) 8& ({xT * ¥d * abs{(Td- infsign(Td}} « @) EL ({47 * Kd #-abs((Td-Tdnin*cign{Td)))4(n-3) - k}H{Td-TéninFeign{Td)} »= (-dvi(Tcmaxk.Tdminm
KT * &d * abs({Td-Tdnin*sign
% kd T sbs{(T

BT} <= {-Mit®(Tomax-Tdmin

< @) & (47 * Kd = abs((Td-Tdnin™

(T i n-3) - k}*(Td-Toadr

Hinh PL3.4. MHMP diic tinh tro lwc hé thong ldi tro luc dién
3.5. XAY DUNG MHMP PLH HE THONG LAI TRO LUC DPIEN
MHMP BLH téng thé hé théng lai tro luc dién nhu hinh sau:

(3w | Bt e

Tas | O-yal—»0ya
Lo n2 P n2 del2
Tr del2

SRW TO RACK RACK ACKERMAN
DYNAMIC POSITION DYNAMIC

Hinh PL3.5. MHMP DPLH tong thé hé thong ldi tro luc dién

3.5.1. Cum truc lai, dong co tro lwe dén thanh ring

MHMP ddéng hoc cum tryc lai, dong co tro luc dén thanh rang nhu sau:
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ddim

W

= _.
By
P
[am > —u
[ > >
=
-
[
[ 3 _.
e
=

[dy4] 2 »’

s>

2Pl 4

)

=]

3

To y4

Hinh PL3.6. MHMP PLH Cum truc ldi, dpng co tro lwc dén thanh ring

3.5.2. Cum hinh thang lai Ackermann

3.5.2.1. Pong hoc cum hinh thang ldi Ackermann
MHMP dong hoc cum hinh thang 1ai Ackermann nhu sau:
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y
C
:
i
;
i

o
< 10dv4]}
p»| ddv4 |

ddy4

»_;{rmpmﬁl 7

+

= u(1)iu(2)

ﬂ

iy R u(1)u(2)

— Pl
Les ‘ Btalt

e. MHMP xdc dinh ¢g,03, (g f. MHMP xdc dinh géc quay banh xe 0, 0,
Hinh PL3.7. MHMP dong hoc hinh thang ldai Ackermann

anpha { 18 )
h
—= 1 ST Betalt
Betalt
danpha L Apha  Btait 91 dBetalt
m -2 danpha dBetalt
ddBetalt
ddanpha s | ddBetalt
e - ddanpha betalt DBeta
Beta ?—b. (19 ) DBeta
T > Beta dDBeta
7 paa dDBeta
dBeta ddDBeta
dBeta ddDBeta
18 5
ddBeta
ddBeta

Anpha-Betatt

Hinh PL3.8. MHMP Diic tinh dpng hoc quay vong ciia banh xe din hwdéng
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diBata
o] Bl

Hinh PL3.9. MHMP xdc dinh 61y, 05,

y

—»{ Btalt | —» dBtalt

ddBtalt

— ()2 3—(3)
Betalt dBetalq ddBetalt

% % —»| Dbta | —»{ dDbta | —»iddDbta

@ Tl oo

DBeta dDBeta ddDBeta

Au Au
At Ai

Beta

Hinh PL3.10. MHMP xac dinh sai léch Ao,

3.5.2.2. Xac dinh phan lwc cum hinh thang lai Ackermann
MHMP xac dinh phan luc tai cac khau khdp cum hinh thang 141 Ackermann nhu sau:
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S e

il dphisl

utju(2)

u(1)yu(2)

uftju(z)

u(tyu(2)

roy—"

a. MHMP xdc dinh F,,,

[Fnqt5]

[F4]

F4

>+

b. MHMP xdc dinh F} b. MHMP xdc dinh F",
ms
ur)ru(z)
ddphis u(1ru@) p
ik 12 FTB
d. MHMP xdc dinh F% e. MHMP xdc dinh F
Pf >
[phis] > sin : Yn > -
[phis] cos
u(1)u(2) }' —
@7 1, L] 4 o) |
FnB »
(FnB] ) >+
Fex
| Foy |
[ph's5]>—> cos J_.+ [phi5]>—> sin J.
uyu@) [Fox] p— | R
[FtB P _/
f- MHMP xdac dinh F ¢, g MHMP xdc dinh F,

27



e | [FnE] . ﬁ\:ﬂ
u(tyu(2) » FID

Irs FTD m + :

h. MHMP xdc dinh F} i. MHMP xdc dinh FY,

Ty

[FID]

W ] = o AR ,
+ | -
J ) .VN pim 3

j. MHMP xdc dinh FE k. MHMP xdc dinh F.

11

Fiqt7]

i

I. MHMP xdc dinh Fp, m. MHMP xdc dinh Fr,
Hinh PL3.11. MHMP xdc dinh phadn luc tai cac khop
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3.6. XAY DUNG MHMP PLH CHUYEN PONG CUA O TO
MHMP DLH chuyén dong cua 6 to thé hién nhu hinh sau:

beta

ul 1) ui2)

@

L

FYZ]

H{’ -Ir
|u¢1}m21}—f D_rF

Fer:-]

-—'-—*

lll:'l'I J|.2]

EF:P*] ).

B

EEE -

-—"-—'*
I_, L

[V P

8
+Eh,
)|

uiZyul1)

Y

b

15

h

3

| -l 1 Mul2) uld) [
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den[>-] co |

)

BT

cos
w1 a2y
1

i1 uidh

i1 i)

1)

i1 ui)

>
|
iz >
o
>

w1 a2y

L Ol

i hed

i

To dpsi

;

osi

To p=

O=psj
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s | i

L poutdbta_dpsi

R-ay

To dbta+dpsi

u(3)/(u(1)+u(2))

(u(1)+u(2))"u(3

1 outxd
— u(1)*cos(u(2)) —M = {
> O-x
1
Lp! u(1)'sinu(2)) —» - O-y
s ouLtys
y

out.a

Toa

Hinh PL3.12. MHMP PLH chuyén dgng ciia 6 to

3.7. XAY DUNG MHMP MO MEN NHIEU NGAU NHIEN
MHMP PLH chuyén dong cua 6 t6 nhu hinh sau:

Trd

Hinh PL3.13. MHMP mé men nhiéu ngdu nhién

-

i 4

oLl

Random
Number

ik

Band-Limited
White Noise
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3.8. XAY DUNG MHMP BO PIEU KHIEN PID-FOC
MHMP b6 diéu khién PID-FC nhu hinh sau:

(0> =t 2]
E O [0 )

i

T =" abc P abe <

Tafoc T2l dgt

i 049
i il ) H
L}
af I

7> | |

Hinh PL3.14. MHMP bé diéu khién PID-FOC

3.9. XAY DUNG MHMP BPLH PONG CO PMSM
MHMP DLH dong co PMSM nhu hinh sau:

Hinh PL3.15. MHMP DLH dong co PMSM
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PHU LUC IV: CAC KET QUA MO PHONG
4.1. MO PHONG VA PANH GIA KET QUA PLH HE THONG LAI EPS
4.1.1. Cum truc lai, dong co trg luc dén thanh rang

4.1.1.1 Kich bin 1Ty = 3.2sin(-t)Nm; (f = 0.2 Hz)
Két qua mo phong tai cac van téc v = [0;10; 100; 150] km/h.

= Dlsplacement Displacement
1000 %k 1000 ¢ =
5 ' | —u [Deg] | 2T B
)] == =¢m/10 [Deg| bR
8 0 _. ,_.d = ‘ " [Deg] 0 i -
— b s e | 1NV | l = -
g -1000 A7 ol . -1000+¢
0 5 10 15 -4 -2 0 2
) Velocit
g 50 y 50
i ;‘I't o R p [—a [Rad/s]
3 /\ AVAN /Y- -~ ¢ /10 [Rad/s]
g 0 \A/ "\~ J | [Rad/ 0f
E. \s } y4 o g [em/ 8]
@ .50 -50
il 5 10 15 -
o Acceleration
5 200 I \ —amare] | 200
o % all |-==@m/10 Rad/s
% 0 &r[‘r\q\f JIL-"& »1;' N ! \'\ @l :’m.-g' 4
3 Y Y sl |
& 200t ! -200 ¢
S o 5 10 15 4 2 0 2
Time [s] Driver torque Td [Nm]
v=0km/h
— Displacement Displacement
€ 500 00
E —— pa[Deg]
on 9‘-_’111/10[-{)‘59]
@ 0 e [ Deg 0 ke
8, s :,-[?nn':_{]
w
= -500! . -500
)
0 5 10 15
) Velocity
£ 20 20
s FalRad]3]
s G/ 10[Rad/s]
s O -y Rad/s]
E. ----- grlerm/s]
@ -20 -20
= 0 5 10 15
N&z Acceleration
g 100 100
[ ——ga[Rad/ %]
N__@ 0 M E,{, /10 {ijf_/'.sz]
=) A memem B[ Rael /5%
g iy [emn /7]
'3'-100 -100
% 10 15 -2 0] 2
Tlme [s] Driver torque Td [Nm]
v=10km/h
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Displacement Displacement

E | I."“'\I AN :

g 200 r,:.r \:‘.\ j:n \‘\.‘ @i [D‘_:g] _
o3 AN LN [ooea/100Deg
@ 0 4 \_I‘ / - \\ _____ pp[ﬂe‘q]
Q’ “ # I ‘ll\‘\ |r..l:'f e [7?1??‘?:!

@ 200 *

(6

0 5 10 16

%) Velocity
c 10 ,
Q@ A j,! A~ PalRad/s] o ._-;4
S of | ;j ikl ---¢m/10[Radfs)| |/ R el
o \oad Ve ] [@nlReds) o e—— S
o 27 B ¢ grlem /s] S T
= ) |
5 10 -10
> 0 5 10 15 -2 0 2
o . .
v Acceleration Acceleration
50l A s A
T 20 " "’. walRad/s ] 20 ! \.;.\
™ A o I\ A & |\ |---¢u/10[Rad/s? AN A
UJ b / g e - e 1
5 OFI VN Vsl ) 0) =
© Mo g " iirlom /5% \"“-\,‘
Y -20 V Y -20 Y
Q
2 0 5 10 15 -2 0 2
Time [s] Driver torque Td [Nm]
v =100km/h
= Displacement Displacement
# A s
E 2001 )\ [\ [—eape
)] Y Iy « =~ /10[Deg]
S 0 TN N Do
=i N '-:I‘ o [ gy [

IS
)
o
o

0 5 10 15

“I.Il ! . .
ST A ;’H\ N—¢aRad/s]
i \ .t
0

)
)
=
5
% 4 I f - -~/ 10[Rad /5]

2 \ 9 i -yl Rad /5]

E. .,;:‘L ; 1,!“ X f a8 (= |
T O \
= 9 5 10 15 2 0 2

Ng Acceleration Acceleration

A f /]

& f\/ Q\'—@d[ﬁmf/sg] e H‘\% =
) ' - =i /10[Rad /%] : Ao p
2 oMM f\f\} ol ry }xﬂ__’_m%{;]

i | R | irlem/ s ; 3
T, 20| § ! -20 W
g o 5 10 15 2 o 2

Time [s] Driver torque TCI [Nm]
v =150km/h
Hinh PL4.1. KOMP DLH EPST,; = 3. Zsin(z?” t)Nm; (f = 0.2 Hz);

34



4.1.1.2. Kich bin 2 T4 = 6sin(=-)Nm; (f = 0.2 Hz)2
Két qua mé phong tai cac van toc v = [0; 10; 100; 150] km/h).

—_ Displacement Displacement
€ 1000 1000 —
£ F Y palDeg] Z
o)) il o |~ =om/10]Deg]
=1 4 t _:' s By [mm] L
n | / g <
A -1000 ‘ ‘ -1000 ° =
0 5 10 15 -5 0 5
) "
= Velocity
5 A 30
& f—ulRad/]
‘-g ] |~- -@,,,{fl()éfﬂ}d{s]
| Rad/ s
% ; [em /5]
o -30
= D 5 10 15
NQ Acceleration Acceleration
g 200 200 A
% U R—?Jgﬁ‘iﬁiﬂz g /’A
Y - - -~ /10[Rad/s’] e
T O Y aimasn P e
¥ o o lem 62)
o <200 : -200
é 0 5 10 15 -5 0 5
Time [s] Driver torque Td [Nm]
v=0km/h
Displacement Displacement__m_
€ 1000/ /-- 1000 :
G | FoA culDegl
A S S i I 1S
— Y- Yo A mm) ol
w 1 Vot - 1o A
| -1000 _ ] 1000 |~
0 5 10 15 -5 0 5
oy :
= Velocit
5507, & y
& JI'\._ FF’\-_ ir—@rfi'fi’rm[f.jrf-IU |
e k! I*% - =~/ 10[Rad /s
-(?j 0 \‘\‘7 2 ,-'/ -\| .:’J zpiﬂads’ﬂ
E Lﬁ‘l ; if I . [ems]
Ssp——
>0 5 10 15
N_tp_ Acceleration
£ 500 _ 500
; ' ] | [—@a[Rad/s"] m‘
] % 0
| - ==y, /10| Rad /5]
5 0 W“J ‘»*LW’Y‘J% S o= L@'\Jﬁ'ﬁfﬁ
S -500 -500
&J 0 5 10 15 -5 0 5
Time [s] Driver torque T d [Nm]
v=10km/h
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_ Displacement Displacemen
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4 3 d |m==ip| Rad/ 8| S — 4
© .50 - =50
= 0 5 10 15 -5 0 5
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w o Pl AN A A\~ - -@n/10[Rad /6] o Ry | A= f
- vl b ;bv‘l 1! ;,___._....@ﬂ[h’.mi_;’sz] f Smamm ki
M i f o 2 / ) 7’
¥ , ‘ ijrlem/ %] "/ W
= -200 | -200
2 0 5 10 15 -5 0 5
Time [s] Driver torque Td [Nm]
v=100km/h
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= 1000 |
E —Q,J[DL"E}]
=3l : wm/10[Deg] . ;
;' o gy [
3 -1000}
0 53 10 15
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5 L =
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'g 0 : —-—-—;;,[Hu.d/.‘;_i J 0 i
% il 714 oo G ern ) 8] &
D 50 : -50
> 0 5 10 15 5
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g 400 _@rlui’.ﬂ.d/'.‘;'l’:] A
& 200 J \ @m{flﬂuléi’-qdfﬁ]o
/N | L et 1] D e ) [ @p|Ra 32] i
@, -200 -200
Qo
2 0 5 10 15
Time [s] Driver torque Td [Nm]

v =150km/h
Hinh PL4.2. KOMP PLH EPS T, = 6sin(= )Nm; (f = 0.2 Hz);
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4.1.1.3. Kich bin 3 T; = 3.2sin2rt)Nm; (f = 1 Hz)

Két qua mo phong tai cac van téc v = [0; 10; 100; 150] km/h).

Displacement

Displacement

g 1000 /- [ -
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8 0 g v r-’ i s wplDeg]

0 '.~ ! '-‘ e [ yrvm |

2 -1000 i e -1000 -~
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% 0 ‘_Jt\J ”_[ 1 \p ol Rad/ &%) 0

n(g } i e .5‘2]
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R
o
(o }
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Displacement Displacemen
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Hinh PL4.3. KOMP PLH EPS T, = 3.2sin(2nt)Nm; (f = 1 Hz);
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4.1.2. Cum hinh thang lai Ackermann

4.1.2.1. Dong hoc hinh thang lai Ackermann

KQMP khéo sat dong hoc hinh thang 14i khi goc 1ai ting dan déu ¢, = 0° ++ 612°
(+1,7 vong vé hai phia) nhu Hinh PL4.4 dén Hinh PL4.17.
0.1 T 7 = - : 6.4 = 3 -

0,05 005 :

-0.05 -0.05 |

-0.1 : g : -0.1 ; =
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Hinh PLA4.6. Bién thién ¢s,04 theo thoi gian

Hinh PL4.7. Bién thién 04,06 theo ¢
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Hinh PL4.10. Bién thién ¢s,¢¢ theo thoi gian

Hinh PL4.8. Bién thién ¢,,05 theo thoi gian
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Hinh PLA4.11. Bién thién (5,0 theo ¢
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Hinh PL4.16. Bién thién §,0g theo thoi gian
Nhdn xét: Tt Hinh PL4.4 dén PL4.17 cho thay khi |¢@4] > 600° thi @5 =~ @4 (hoidc
@7 =~ @g) c6 nghia hinh thang 1ai sat gan diém gidi han (Is, I, thang hang hoic I, lg thang
hang). Tir Hinh PL4.10 dén Hinh PL4.17 cho thay khi gan dén diém gi6i han, van toc va
gia téc goc cia cac thanh Is, I, I, Ig ting 1én rat nhanh va co gia tri rat 16n.
Ghi chi trong hinh: Phi-@, dPhi-p,ddPhi-{, yy — ;-
4.1.2.2. KOMP diic tinh djng hoc quay vong banh xe din huwéng
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4.17. Bién thién §-,{g theo ¢4

KQMP dong hoc quay vong banh xe dan huéng nhu Hinh PL4.18 dén Hinh PL4.25.
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Hinh PL4.18. Bién thién 5y, 8, va 8, theo ¢4
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Hinh PL4.24. Bién thién 0,,011,01 theo ¢y Hinh PL4.25. Bién thién Ao, theo ¢4

KQMP khao sat dong hoc quay vong cuia banh xe dan hudng khi goc 14i hinh sin
nhu Hinh PL4.26 dén Hinh PL4.28.
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Hinh PL4.26. Géc &y, &, Hinh PL4.27. Vin toc géc §,,5,  Hinh PL4.28. Gia toc géc §,, 5,

Nhdn xét: Tir Hinh PL4.18 dén Hinh PL4.28, c6 thé thiy: Gidi han (diém chét) goc
quay banh xe dan huéng phia trong va phia ngoai la 50,0569°/32,2079°, img véi goc 14i 1a
604,8°. Khi géc quay banh xe dan hudng phia trong tir 0° + 44° (tng véi @4 = 0° +
570°) thi goc 18cA8; = |81 — 81| < 1,5, néu tiép tuc tang @ 4, thi AS; > 1,5° va ting
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rat nhanh, lc nay hé thong 1ai khong dap ing yéu cau dong hoc quay vong dung cua o to,
vi vy véi hé thong 14i ndy can c6 bd phan han ché hanh trinh dé giéi han goc quay ra
phia ngoai cuia banh xe din hudng khong qua 44° trong qua trinh lam viéc. Piéu nay van
thoa man duoc yéu cau thiét ké hinh thang 1ai dam bao géc quay 16n nhat cia banh xe
dan huéng dat 40°+45°,

Ghi chii trong hinh: Beta- AS,, Betalt- 61y, Betatt- 814, Anpha- 6,.
4.1.2.3. KOMP quy dao hé thong ldi

KQMP quy dao chuyén dong thuc cua cac khau, khép va cac banh xe din hudng
nhu Hinh PL4.29.

0.1

-0.1

-0.2

-0.3

-0.4

Y (mm)
Hinh PL4.29. Quy dao chuyén déng ciia cdc khdu, khép hinh thang ldi
Nhén xét: Tt Hinh PL4.29 ta c6 thé xac dinh dugc quy dao chuyén dong va vi tri
ctia cac khau, khép va banh xe din hudng trong hé thong 1ai. Két qua cho thay kich thudc
va bd tri ctia hinh thang 14ai 13 hop 1y, khong gian chiém chd nhd, cac khau khép khong bi
va cham khi chuyén dong trong gidi han goc quay ciia banh xe din hudng.
4.2. MO PHONG PAC TINH TRO LUC LAI THEO PAC PIEM PHONG CACH LAI

Mo phong va danh gia két qua dic tinh trg luc theo dic diém phong cach lai ddi voi
“Pdc tinh tro luc hon hop”.

4.2.1. Phong cach lai thoai mai/Comfortable driving style
KQMP phong céch 14i thodi mai dugc dugc thé hién nhu Hinh PL4.30.
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Curve: Ta-Td (VI [km/h])

Curve: T_-T (v, [kmih])
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5. Pac tinh p4-T,

6. Pac tinh ¢ -Ts
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Characteristiccurve : a, — @y(vi[km/h]) Characteristic curve: a T, (v, [km/h])

s |
.=l 10—
! v=20 ; - / e
I v =60 d o v : 20 ,-
5| v =100 =10
| AE=120 5 v =100
— v =150 — v j 120‘
N ¥ =
E 0f——v=200 i E 07—y =20]
(U>‘ D.UZ‘ m}*
-5 Ui_d___ = -5
0,02 0 4
-0.01 0 0.01 / | |
Aol ' ' ' — L
10 5 0 5 10 -30 -20 -10 0 10 20 30
wq [Rad] TE [Nm]
7. Bac tinh a,~¢, 8. Dac tinh a,-Ts
Characteristic curve Ta-Time (Vi [km/h]) Characteristic curve T -Time (v [km!h])
30 T, [Nm]
20+
_ 10 + )
E E
Z 0 Z
o 2]
- -
-10 |
20+
-30 ; - !
0 2 4 6
Time [s] Time [s]
9. Dac tinh T,-time dau vao sin 1. Pac tinh Ts-time dau vao sin

Hinh PL4.30. Truong hop 1: Phong cach lai thodi madi

Tir két qua mo phong nhu Hinh PL4.30, cho thay:

(1) Céc yéu cau vé nguyén tic xay dung dic tinh tro luc cia Truwong hop 1 “Phong
cach 1ai thoai mai” d3 duoc thuc hién, cu thé:

- T Hinh PL4.30.1 va Hinh PL4.30.2, khi |T4| < 1.0Nm thi T, = 0 (ddng co tro
luc chua dugc kich hoat);

- Khi |T4| = 1.0Nm, md men trg lyc ban dau ting tuyén tinh T, = K,, T}; theo mo
men i Ty, khi cham dén giao diém gitra duwong tuyén tinh va dwong cong phi tuyén,
thi ting theo dwong phi tuyén T, = K;K,|T5" . Ung véi cic van téc v =
[0, 20, 60, 100, , 120, 150, 180, 200] km/h, cic diém chuyén tiép twong ung 1a T, =
[2.38,3.30, 3.37, 3.24,3.12,2.90, 2.53, 2.23] va Ta=
[3.46,4.99,3.72, 2.34,1.72,0.94, 0.33, 0.11]. Do d6 m6 men trg luc khong qua 16n khi
mo men 1ai con nhoé dé dam bao cam giac dudng clia ngudi 14i, khi qua diém chuyén tiép
thi T, ting nhanh, cung cdp mo men tro luc 16n cho hé thong 1ai, diéu nay dam bao cam
giac l4i nhit quan véi strc can mit dudng, déng thoi nguoi l4i s& co cam giac 1ai nhe
nhang thoai mai.

- Khi m6 men lai dat dén gia tri 16n nhit T; = T ynqy, twong Gtng & cac van tc v =
[0, 20, 60, 100,, 120, 150,180, 200] km/h , khi mé men lai Ty = Tgne(Vi) =
[3.10, 4.19, 4.41, 4.49, 4.51, 4.52, 4.52, 4.53] thi m6 men tr¢o luc T, dat gia tri bao hoa
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T amax = KW)T 0 = [23.00,21.75,19.43, 17.36, 16.58, 15.37, 14.26, 13.70] , ddng thoi
T, s& khong ting thém ngay ca khi T, tiép tuc ting.

(2) Tt Hinh PL4.30.1 d¢én Hinh PL4.30.3, cho théy:

- Khi nguoi 1ai tic dung md men 1ai T, ting dan, moé men tro lyc T, ting dan, gia
tdc ngang clia phuong tién (tirc cuong dd quay vong) ciing ting dan;

- Ung véi cac van toc khac nhau, khi tac dung cung mdt gia tri d6 16n moé men 1ai thi
phan tng gia toc ngang ciing khac nhau, mirc d6 phan ung cua gia tdc ngang giam dan
khi vén tdc ting, hay noi cach khac dé tao duoc cuing mot gia tri d6 16n gia tbc ngang &
van toc cang cao thi can tic dung mé men lai cang 16n, diéu ndy s& 1am cho nguoi 1ai co
cam giac tay 1ai ning hon & vén tdc cao, tir d6 ting tinh an toan khi diéu khién 6 t6 & van
tdc cao;

- Tuong tu, d6i véi dic tinh gitta goc 14i voi mdé men tong cong tac dung 1én truc
ring (pinion) nhu Hinh PL4.30.4 va dic tinh gitta goc 1ai véi gia toc ngang nhu Hinh
PL4.30.5, cho théy cung mot goc lai, ung véi van tdc 6 to tdng dén, thi m6 men tro lyc va
mo men tong cong giam dan, do d6 gia téc ngang giam dan (cuong do quay vong giam).

(3) T Hinh PL4.30.6 va Hinh PL4.30.7 dac tinh a, — Ty va ¢4 — T4 la tuyén tinh
khong phu thudc vao van tdc 6 to, diéu ndy dam bao cho cam giac 14i 1a nhat quén;

(4) Nhu Hinh PL4.30.8 va Hinh PL4.30.9 1a phan ing cia m6 men tr¢g lyc va mo
men tong khi danh 14i hinh sin, két qua ciing cho thay cic nguyén tic dinh ra déu dugc
thuc hién.

(5) Cac Hinh PL4.30.1 dén Hinh PL4.30.4 cho thay rang khi nguoi lai ting dan mo
men 1ai T4, md men tro lyc T, va tong md men tai co ciu lai Ty ting twong Gmg. Su gia
tang nay truc tiép 1am ting gia tdc ngang cua xe, qua do cai thién dap tng quay vong (yaw
response). Piéu ndy chirg minh mdi lién hé chat ché va nhat quan gifta tin hiéu vao cia
nguoi 141, hé thong tro luc va dong hoc chuyén dong ngang cia xe.

(6) Cac Hinh PL4.304 va Hinh PL4.30.5 m6 ta mbi quan hé gitra mo men lai - gia tdc
ngang (a, — T4) va md men lai - goc 1ai (g — Ty) tai cac tdc d6 khac nhau. Véi ciing mot
gia tri mo men l4i, ca gia téc ngang va goc 1ai déu giam khi toc do ting. Diéu nay cho thay
tai van toc cao, dé dat cing murc phan tng dong hoc ngang, ngudi lai phai tac dung mo
men lai 16n hon. HE qua truc tiép la cam gidc lai tré nén nang va chic hon & tdc do cao,
phu hop voi muc ti€u tang cuong do 6n dinh va an toan van hanh.

(7) Phan tich cac Hinh PL4.30.6 va Hinh PL4.30.7 cho thiy mdi quan h¢ giita goc lai
- tong mo men (@, — T) va giita goc 1ai — gia toc ngang (a, — @q). Tai mot téc do khong
d6i, dic tinh @, — T ¢6 1a tuyén tinh, dam bao tinh dong nhét cua cam giac 1ai. Tuy nhién,
khi toc do xe ting, do dbc cua duong dic tinh nay giam dang ké, chimg t6 yéu cau mo
men lai 16n hon dé dat cung mot goc lai. Diéu nay tao ra phan hoi luc 14i rd rét va chic
chin hon & van tdc cao, gop phan nang cao 6n dinh hudng. Nguoc lai, duong dic tinh
(a, — @q) tré nén dbc hon khi téc d6 ting, cho thiy gia tdc ngang nhay hon véi goc 13i. Vi
vay, viéc tang luc can danh lai & tdc do cao 1a can thiét dé han ché gbc 1ai qué 16n, tur do
cai thién kha nang kiém soét xe trong cac tinh hudng chuyén dong van tdc cao.

(8) Két qua nhu Hinh PL4.30.8 cho thdy mbi quan hé giira tong mo men tai co cau 14i
va gia téc ngang (a,—Ty)la tuyén tinh va khong phu thudc vao toc do xe. Pac tinh nay
dam bao tinh nhat quan ctia cam giac 1ai trong toan bo dai van toc, dong thoi phan anh sy
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phdi hop hop 1y gitra hé thdng trg lyc va dong hoc ngang cua xe.

(9) Céac Hinh PL4.30.9 va Hinh PL4.30.10 trinh bay dap trng ctia m6 men tr¢ luc va
tong mo men trong dicu kién tic dong tin hiéu danh l4i dang hinh sin. Két qua thu dugc
cho thdy hé théng phan tmg 6n dinh, lién tuc va khong xuét hién cac hién tuong phi tuyén
bat loi, qua d6 khang dinh rang cac nguyén 1y thiét ké da dé xuat dugc trién khai dung din
va hiéu qua.

Nhu vay véi dac tinh tro luc nay, dong co tro luc dugc kich hoat sém va ting voi
cac van toc khac nhau thi mé men 14i Tgpnq, duy tri trong khoang [3.10 <+ 4.52] m6 men
trg tro lyc T, dd dat gid tri 16n nhat, do d6 nguoi lai s& c6 “Cam giac lai nhe nhang va
thoai mai”.

4.2.2. Phong cach lai thé thao/Sporty driving style
KQMP phong cach lai thé thao duoc duge thé hién nhu Hinh PL4.31.

3. Pac tinh Tx-T,
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v=0 | Curve: Ta'Td (vi [km/h])
30 v =20 fx 3.15315 454655 5
v =860 20 j, Y 23.0003 4.29{129 4726 . |4.64264
20t : : Igg / 21';*’4 460068 174727
v =150 151 fﬁ _r.-”f - 3:;6".4.6666?
— 10 v =180 / 4.71471 :I: :::;1
% v =200 ) vd 143173 | 45 c1eo
o P S /
— —
-10 5 /
_20 0 // &
X 2.06006 2.84084 3.39339
-30 + : L YO0 0 0 | |
-6 & -2 0 2 % 6 25 3 35 4 45
T q [Nm] T, [Nm]
1. Dac tinh T,-T, 2. Gia tri dac tinh T,-T,
Characteristic curve: T_-T (v, [km/h]) Characteristic curve: ay-T 4 (v, [km/h])
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4. Dac tinh a,-T;
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Curve: @y — Ty(vi[km/h]) curve : g — Ix(vi[km/h])
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) Characteristiccurve : a, — wq(vi[km/h]) Characteristic curve: ay-TE (v, [km/h])
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7. Dac tinh a,-¢, 8. Ddc tinh a,-Ts,
Characteristic curve Ta-Time (\.fi [km/h]) Characteristic curve Tz-Time (Vi [km/h])
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9. Pdc tinh T,,~time ddu vao sin 1. Pac tinh T s-time ddu vao sin
Hinh PL4.31. Truong hop 2: Phong cdach ldi thé thao
Tir két qua mo phong ¢ Hinh PL4.31, cho thdy: Cac yéu cau xay dung dic tinh tro
luc ctia Truong hop 2 “Phong cdch ldi thé thao” di dugc dap ung, cu thé:
- Tt Hinh PL4.31.1 va Hinh PL4.31.2, dong co trg luc chi dugc kich hoat khi T; =
(2.0 + 3.39)Nm gia trj 16n véi van téc 6 t6 16n hon. Sau d6 T, ting phi tuyén theo Ty
nhung d6 dbc ctia duong dic tinh thap hon muc ting cua Trudng hep 1, dé tao cam giac
14i ¢dm chic hon.
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- Ung véi cac van toc khac nhau v = [0, 20, 60, 100,, 120, 150, 180, 200] km/h,
thi mdé men trg luc T, dat gia tri bao hoa T = KW)T pnax =
[23.00, 21.75, 19.43, 17.36, 16.58, 15.37, 14.26, 13.70] tai md6 men lai dat T, =+
[3.15, 4.29, 4.55, 4.69, 4.64, 4.67,4.71, 4.71].

Nhu vay véi duong dac tinh trg luc nay, mo men tr¢ luc dugc kich hoat muon, déng
thoi khi duoc kich hoat mé men trg lyc khong ting qua nhanh (d6 doc dic tinh thoai hon)
va md men tro luc dat 16n nhat khi mo men 1ai dat gia tri twong d6i 1on T4 = [3.15 +
4.71] , do @6 nguoi l4i s& co cam giac lai “dam chidc” hon hay néi cach khac 1a “Phong

cach l4i thé thao” hon.

4.2.3. Phong ciach da mirc/Multi-level driving style
KQMP phong cach 14i ¢da mirc dugce duoc thé hién nhu Hinh PL4.32.

v=0 Curve: Tﬂ-T:| (vi [km/h]) Curve: Ta-Td (vi [km/h])
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1. Pac tinh T,-T, 2. Gid tri dac tinh T,-T,
Characteristic curve: T-T , (v, [km/h]) Characteristic curve: ay-T:| (v; [km/h])
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v==60 v =860
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. 10 “v=150 — v=150
E v=180 o v=180
Z 0 v =200 E 0
W = S B
= @
-10
5
-20
-30

T, [Nm]
3. Dac tinh Ts-T,

Td [Nm]
4. Bac tinh a,-T;
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Curve: g — Ty(vi[km/h])
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Characteristic curve Ta-Time (v
307
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—Chavactopisticeurve : @g — Tx(vi[km/h])
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6. Pac tinh p4-Ts
Characteristic curve: .';1!"-TE (wi [km/h])
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8. Dac tinh a,-Ty
Characteristic curve Tz-Tlme (\.ri [km/h])
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v=0

v=2
—
v =100
v=120
—_—y =150
v =180
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Time [s]
1. Pac tinh Ts-time dau vao sin

Hinh PL4.32. Truong hop 3: Phong cach lai da mirc
Tir két qua mo6 phong & Hinh PL4.32, cho thiy: Cac yéu cau xay dung dic tinh trg
Iic ctia Truong hop 3 di dugc dap ung, cu thé:

- Trong vung v < 20km/h, xay dung duong dac tinh nhu trong Truong hop 1;

- Trong vung 20 km/h < v < 100 km/h, m6 men T, tinh theo Trwong heop 2;
- Trong vung 100 km/h < v < 150 km/h, khi |T4| < T4, = 3.5Nm thiT, = 0, va
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sau do ting theo dic tinh tuyén tinh dé giam tro lyc so v&i dic tinh phi tuyén tinh;

- Trong vung v = 150 km/h, khi |T4| < T4 = 2.0Nm thi T, =0, khi |T,| >
Tarq = 2.0Nm thi T, <0 va tang theo chiéu ngugc huéng véi Ty, cho dén khi T, =—
2.5Nm sé& khong tiép tuc ting nita du T, tiép tuc ting (tuy nhién trong qua trinh van hanh
0 t6 thuc t&, truong hop 141 véi mo6 men 16n & van tdc cao rat hiém khi xay ra). Cac gia tri
tai cac diém chuyén ti€p cua duong dac tinh dugc thé hién & Hinh PL4.32.2. Véi déc tinh
nay, nguoi 1ai s€ c6 “Cam giac l1ai nhe, thodi mai & van toc thap, thé thao & van toc
trung binh va chac ning, an toan ¢ van toc cao”.

4.3. MO PHONG VA DANH GIA BO PIEU KHIEN HE THONG LAI EPS
4.3.1. Kich ban 1 T, = 3.2sin(> )Nm, (f = 0.2Hz)

KQMP dap mg cua bd diéu khién duoc thé hién nhu Hinh PL4.33 va Hinh PL4.34.
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a. v=0km/h
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Hinh PL4.33. Kich ban 1: M6 men trg luc, mé men dong co va dong dién dong co
Motor angular Velocity

Motor angular Velocity
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Motor angular Velocity
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d. v=150km/h
Hinh PL4.34. Kich ban 1- Vin toc goc dong co tro luc

4.3.2. Kich ban 2 T, = 6sin(>-)Nm, (f = 0.2Hz)

KQMP dap mg cua bo diéu khién duoc thé hién nhu Hinh PL4.35 va Hinh PL4.36.

53



€ : :
= Assist torque Assist torque
2L TP |
g 0 J L\ f"'_ IL“E' Taas O ‘
E _20 r l | | .......... Taas(n) 20 | |
@ 5 10 -5 0 5
<.
é Motor torque Motor torque
— — .
g 2 If l ! 'l —Tm, |2 |L /
o, |0 S
5 i | | as
g 0 5 10 -5 0 5
— Time [s]
%- Stator current Stator current
g 20| | | 20 ‘ j
{w : —iq
-
§ 20T L1 id |-207] ,
=X 0 5 10 -5 0 5
n _ .
Time [s] Driver torque Td [Nm]
a.v=0km/h
€ . ,
Z Assist torque Assist torque
@ 2011 — | Tar, 20 T
g 0 JI \ - ’__.il 1L \ - _Taas 0 S —~ :
- '| :I II v Ta_ (n) f
w -20 = = & 120t /
s 0 5 10 -5 0 o)
<
=
2 Motor torque Motor torque
g 2 | : 'l If 1. Tmrq 2 ’/'
5 . }J i rr_‘ 0 w-I-mf-.!s 0 /- <
S5 L |-tm o2t/
g_c_J E as | /
g 0 5 10 -5 0 5
= Time [s]
§' Stator current Stator current
@ 201 | i 20 |
= J L. A \ —iq N
g 0 Vi e
:o: -20 | b I 207
BL 0 5 10 -5 0 5
n . .
Time [s] Driver torque Td [Nm]
b.v=10km/h

54



E Assist torque Assist torque
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Hinh PL4.35. Kich ban 2- M6 men trg luwc, mé men dong co va dong dién dong co
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U{IJUIotor angular Velocity

Motor angular Velocity
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d.v=150km/h
Hinh PL4.36. Kich bén 2- Vin téc géc dong co tro luc

4.3.3. Kich ban 3 T, = 3.2sin(2mwt)Nm, (f = 1Hz)
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KQMP dap mg cua bd diéu khién duoc thé hién nhu Hinh PL4.37 va Hinh PL4.38.
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Hinh PL4.37. Kich ban 3- M6 men trg luc, mé men dong co va dong dién dong co
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Motor angular Velocity Motor angular Velocity
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Hinh PL4.38. Kich ban 3- Van toc goc dong co tro luc
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4.4. MO PHONG VA DANH GIA CAM GIAC LAI
4.4.1. Thir nghiém danh gia cam giac 1ai v6i tin hi€éu xung (Pulse input test)

4.4.1.1. Trwong hop vin téc thip v = 10km/h
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Hinh PL4.39. KOMP thur nghiém phdn vrng tirc thoi tin hi¢u xung tai v = 10km/h
Bing PL4.1. Xit Iy s6 liéu mién tin sé véi kich thich ldi xung, v = 10km/h

TT Tham s6 Ky hiéu Don vi Gia tri
No Parameter Symbol Unit Values

Tén s6 quan tim
f [Hz] 050 1,00 1,50 2,00 250 3,00
(Frequency)
Hé s0 nhay van t6c xoay
2 than xe Giwy L( %s)/90,065 0,074 0,083 0,094 0,106 0,111
(yaw rate sensitivity gain)
Tré pha goc 14i va van tdc
3 xoay than xe a [1 5,75520,35038,29665,884 128,62 164,64
(Phase lag SWA-yaw rate)
Hé s6 twong hop tin hiéu

- 0,998 0,995 0,987 0,978 0,933 0,996
(Coherence) r (@)
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Amplitude (Gain) - Yaw rate per Steering Angle

Lo
o

[
(%1}
I

P2
o
T

FRF [H(N)|
O Targets 0.5-3 Hz
A, (low-f)

* A, (peak)

-
o
I

iy
=
T

Clain : '{n'l-'.-j!"{;r.f:- [1/8)]

o
T

0 SO~ oo
107 10° 10’ 10
Frequency (Hz)
PhaseLag : v) — pg.[deg)
200 : = — o . s SR

P

B  Targels 0.5-3Hz

hase lag n{f)

100 -

Phaselog @ «|deg]
[ ]
I

=100 -

Hinh PL4.40. Pic tinh pha-tan sé va dic tinh bién dj-tan so, v = 10km/h
Bing PL4.2. Két qua ddc tinh pha-tan sé va dic tinh bién dg-tan sé, v = 10km/h

10" 10’ 10°
Frequency (Hz)

TT Tham s6 Ky hiéu Pon vi Gia tri Miéu ta
No Parameter Symbol Unit Values Description
b6 nhay trang thai Biéu thi d6 nhay xoay than xe theo gdc lai
gan tinh khi xe & trang thai gan tinh (f = 0 Hz). Phan
1 A [1/s] 0,061 )
(low-frequency 0 anh kha nang phan rng cham, 6n dinh cda
gain) hé théng lai
Hé s0 khuéch dai bién d6 & tin s6 cong
Do nhay trang thai hwdng f,. Bi€u thi mirc khuéch dai cuc dai
2 cong hudng 4, [1/s] 0,112 cdavén téc xoay than xe so v&i goc lai khi
(Peak gain) hé théng dat dao dong cdng hwdng do quan
tinh, d6 clirng 16p va damping hé théng 1ai.
Tan s6 cong hwdng
3 (Resonant fo [Hz] 2930 Tan s6 nhay cam
frequency)
) Cho biét mirc d6 c6ng hwdng tirc chénh
4 Mibrc cong hurdmg p [dB] 5,303 1éch gitra phan &ng & cong hwdng va phan

(Resonant level)
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4.4.1.2. Trwong hop vin toc trung binh v = 50km/h
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Hinh PL4.41. KOMP Thu nghiém phdn vwng tirc thoi tin hiéu xung tai v = 50km/h
Amplitude (Gain) - Yaw rate per Steering Angle
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Hinh PL4.42. Pic tinh pha-tan sé va dic tinh bién dj-tan so, v = 50km/h
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Bing PL4.3. Xit Iy s6 liéu mién tin sé véi kich thich ldi xung, v = 50km/h

TT Tham s6 Ky hiéu Pon vi Gia tri
No Parameter Symbol Unit Values
Tan s6 quan tAm
1 £ [Hz] 050 1,00 1,50 2,00 250 3,00

(Frequency)
Hé so6 nhay van t6c xoay than
2 xe Gy [(°/s)/°] 0,214 0,214 0,213 0,199 0,158 0,112
(vaw rate sensitivity gain)
Tré pha goc 14i va van téc
3 xoay than xe a [°] 13,77727,98445,74265,88187,748 98,813
(Phase lag SWA-yaw rate)
Hé s6 twong hop tin hiéu

4 (Coh ) () - 0,997 0,996 0,994 0,991 0,988 0,995
oherence

Bing PL4.4. Két qua dic tinh pha-tin sé va dic tinh bién dé-tin sé, v = 50km/h

TT Tham s6 Ky hiéu Pon vi Gia tri

No Parameter Symbol Unit Values

Do nhay trang thai gin tinh
1 4 [1/s] 0,216
(low-frequency gain) 0

D06 nhay trang thai cong hwong

’ A [1/s] 0,215
(Peak gain) p
3 Tén s6 cong hwdng o
(Resonant frequency) fo [Hz] )

Mtrc cong hwong
4 D [dB] -0,030
(Resonant level)
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4.4.2. Thir nghiém kha niing tra lai (Returnability test)

= 5 a. Torque-Time §’ b. Steering angle-Time
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Hinh PL4.43. KOMP Thir nghi¢m khd ning trd ldi khi lGi sang phdi tgi v = 100km/h

Characteristics £ and D

1
£(D) - tiéu chuén I I I I
O Diémdotir dir ligu
ur 08 [ |
2
©
206 i
o
E
s | X 0.8628
o 0.4 Y 0.301428
£
F 02+ 4
0 | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Decay ratio D

Hinh PL4.44. Ddc tinh § - D, khi lai sang phdi tai v = 100km/h
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4.4.3. Thir nghiém danh gia cam giac lai chuyén trang thai (Transition test)

4.4.3.1. Muc dich, phwong phap, xir Iy s6 li¢u thir nghi¢m
4.4.3.1.1. Muc dich thuw nghi¢m

Bai thir nghiém danh gia cam giac 1ai chuyén trang thai nham danh gia kha nang dap
tmg chuyén tiép ctia hé thong l4i va toan bd xe khi chuyén tir trang thai on dinh sang
trang thai diéu khién khac nhu tir chuyén dong thing sang quay vong nhe, hodc tir trang
thai 6n dinh bén trai sang bén phai. Cac muc tiéu chinh bao gom:

- X4c dinh tinh tuyén tinh, d6 tré va d6 nhay cam giac lai trong vung chuyen tiép.

- Panh gia d6 chinh xac va sy nhit quan giita phan hdi moé men 14i, gia toc ngang va
goc quay than xe.

- Kiém chung ban d6 dic tinh tro luc 14i cua hé thong EPS trong diéu kién 14i thuc té.

- Phan tich tinh 6n dinh dong hoc va cam giac diéu khién trong cac thao tac danh lai
ngan hodc trung binh.
4.4.3.1.2. Phwong phap thir nghi¢m

Xe chay On dinh ¢ van tc nhéat dinh. Nguoi 1ai hodc thiét bi danh lai tu dong thuc
hién mot chudi 1énh danh lai chuyén trang thai tu vi tri trung gian qua trai va qua phai,
bién d6 lai du nho dé khong gay truot lop (gia téc ngang khoang (0,2 + 0,3)g.
4.4.3.1.3. X ly so liéu va dinh gid két qua

Cac thong s6 do ludng: Thoi gian thir nghiém, van tdc thir nghiém, goc 14i, goc quay
banh xe dan huéng, mé men 1ai, md men tro luc, van téc goc xoay than xe, gia toc ngang.

Cac sd liéu thir nghiém duoc xtr 1y, tinh toan va danh gia cac chi tiéu nhu trong
Bang PL4.5 va Bang PL4.6.
4.4.3.2. Két qua va danh gia két qua thir nghiém
4.4.3.2.1. Thir nghiém

Tu quy dinh trén, luan an thyc hién moé phdéng: van tdc 6 t6 v =100 km/h; mé men
141 song hinh sin, thuc hién danh lai rat cham tir vi tri trung gian sang trai va tr vi tri
trung gian sang phai, gia tri dinh song mdé men dam bao tao ra gia toc ngang cua xe dat
dinh 0,3g trong khoang thoi gian 5s. Két qua thir nghiém 4o dwoc thé hién nhu Hinh
PL4.45 va Hinh PL4.46.

Bing PL4.5. Bing so sanh KOMP chuyén trang thdi Simulink va CarSim

Thamsé Donvi Chiéu RMS(x) Max|x|

Parameter Unit Direction Simulink CarSim Error Simulink CarSim Error
Time (s) 2,887 2,887 0,00% 5,000 5000  0,00%
Ty [Nm] 2,032 2,032 0,00% 3,520 3,520  0,00%
©4 [°] 8,261 8,653 4,53% 25,782 27,137  4,99%
y, [mm] .. 1361 1,319 3,09% 4,416 4436  0,46%
5 ] Sametal 494 0527 631% 1573 1,654  4,88%
a, [9] 0,098 0,093 554% 0,306 0,303  1,07%
) [°/s] 1,987 1,973 0,68% 6,200 6,773  8,45%
Ty [Nm] 2,032 2,032 0,00% 3,520 3,520  0,00%
®d [°] 8,259 8,653 4,55% 25,782 27,137  4,99%
¥, [mm] .. 1,361 1,319 3,06% 4,416 4,436  0,46%
5 ] Sangphal 404 0527 63206 1573 1,654  4,88%
a, [9] 0,098 0,093 552% 0,306 0,303  1,07%
P [°/s] 1,986 1,973 0,66% 6,201 6,773 8,45%
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Hinh PL4.45. KOMP thir nghigm chuyén trang thdi, (P) sang trdi; (N) sang phdi

Nhin xét vé tinh twong dong di ligu theo thoi gian: Tu Hinh PL4.45 va Bang
PL4.5 cho thdy. Dudi diéu kién bai thir nghiém chuyén trang thai chuyén dong, két qua
giita Matlab/Simulink va CarSim thé hién murc twong hop cao. Chudi thot gian cua md
men lai, géc vanh tay 1ai, dich chuyén thanh rang, goc banh trudc, gia téc ngang va toc
do quay than xe hau nhu déng pha, ting gan tuyén tinh, khong xuat hién tré dang ké ¢ ca
hai chiéu danh 1ai. V& dinh luong, cung dau vao 1a md men l4i nhu nhau, sai khac RMS
nho: goc vanh tay lai 4,53%, dich chuyén thanh ring 3,09%, goc banh trudc 6 ,31%, gia
tbc ngang 5,54%, toc do quay than xe 0,68%. O muc cuc dai, sai khac ciing thap gbc
vanh tay 1ai 4,99%, dich chuyén thanh rang 0,46%, goc banh trude 4,88%, gia toe ngang
1,07%. Khac biét dang luu y 12 cuc dai toc dd quay than xe ~ 8,45% trong khi RMS rat
nho, goi y CarSim du bao bién d0 van tbe xoay than xe 16n hon do tham s6 hoa lép/d(f)
mém hé thdng 1ai hodc khac biét thuat toan giai. Tong thé, Matlab/Simulink du tin cdy
cho phan tich chuyén trang thai chuyén dong.
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Hinh PL4.46. KOMP Thir nghi¢m cim gidc ldi chuyén trang thdi
Bing PL4.6. Bing so sdnh chi tiéu cam gidc ldi chuyén trang thdi Simulink va CarSim

Gia tri Sai Gia tri Sai
TT Tham s6 Ky hiéu Pon vi Values léch Values léch
No Parameter Symbol Unit SML CS Error SML CS Error
Sang trai Sang phai

I Dactinh T; — ¢@,/CharacteristicT; — @4

11 (ﬁga;“g‘tgeii‘i;rg“ﬁfggfs) K, [Nm/9 0,144 0,159 9,55% 0,144 0,159 9,54%

Do clrng 14i tai goc 14i bang

(Steering Sti‘f)fness ivers Kno [Nm/9 2,088 2,200 511% 2,088 2,200 511%
steer)
A N ~ ’ 2
13 He(i‘)irfgg’rei‘t‘;g‘%f{ [R2] . 0,950 0,923 2,92% 0,950 0,923 2,90%

M6 men lai 1&n nhit
(Maximum torque)

Goc 14i 1é6n nhat 0 0
L5 (Maximunm steering angle) [@amed] [0 2578 2713 4,99% 2578 27,13 4,99%

1.4 [Tumad [Nm] 3,520 3,520 0,00% 3,520 3,520 0,00%

67



Il  Ddctinh a, — @q4/Characteristic a, — @4
Do nhay gia téc ngang
2.1 trung binh Sp [g/9 0,012 0,011 9,38% 0,012 0,011 9,38%
(Mean sensitivity)
Do nhay lai tai goc 14i bang
0 0, 0,
2.2 (Mean sensitivity at swa = Sn [g/9 0,012 0,011 9,20% 0,012 0,011 9,20%
0)
A N N s 2
2.3 He&‘irf:;’rel‘:;‘;{’% R [R?] - 1,000 0,997 0,35% 1,000 0,997 0,35%
Il  Ddctinh T, — a,/Characteristic T; — a,,
D6 d6c mo6 men 14i tai gia
3.1 t6¢ bing 0 m/s? Gro  [Nm/g] 53é22 58;}89 9,63% ° 3é22 58;}89 9,63%
(Torque gradient at 0)
Do déc mo6 men lai tai gia
3.2 t5c bing 0,1g Gri  [Nm/g] 8,310 7,658 7,85% 8,240 7,658 7,07%
(Torque gradient at 0,1g)
Hé s6 tuyén tinh R? 2 0 0
3.3 (Linearity R?) [R“] 0,870 0,786 9,59% 0,870 0,787 9,55%
Gia tri cwc dai cda gia toc
ngang 0 0
3.4 (Peak value of lateral [aymax] [g] 0,306 0,303 1,07% 0,306 0,303 1,07%
acceleration)
Gia tri cwc dai cia mo men
lai . .
3.5 (Peak value of Steering [Tgmax] [Nm] 3,520 3,520 0,00% 3,520 3,520 0,00%
Torque)
IV Ddc tinh P — @4/Characteristic ) — ¢4
b6 nhay gbc xoay than xe
theo goc 14i tai tAm [(Ys)/
. : G 0 0
4.1 (Yaw gain vs SWA on- ") 9 0,241 0,219 9,15% 0,241 0,219 9,15%
centre)
A N N s 2
4.2 He&‘irf:;’rel‘:;}‘:% R [R2] -~ 1,000 0,997 0,32% 1,000 0,997 0,32%
V  DPdctinh — T, /Characteristic — T,
P06 nhay gbc xoay than xe
A A 0
theomomenlditaitam ¢ = [(/5)/ 0031 0,028 9,75% 0,031 0,028 9,75%
(Yaw gain vs torque on- (Nm)]
centre)
A N ~ s 2
5.2 He&‘irfgg’reft‘;g‘% R [R2] - 0,933 0,965 3,33% 0,933 0,965 3,33%
4.4.3.2.2. Danh gia két qud thir nghiém

a. Nhin xét vé tinh twong dong dir liéu danh gid cam gidc ldi
Phaén tich thir nghiém chuyén trang thai. Tir Hinh PL4.46 va Bang PL4.6 cho thay:

Cic d6 thi quan hé (SWT-SWA, ACC-SWA, Yaw-SWA, SWT-ACC) cua
Matlab/Simulink va CarSim chong khit, nhanh tang/giam gan tring nhau & ca hai chiéu

danh 14i, cho thdy dap (mg gan tuyén tinh va vong tré rat nho quanh vi tri trung tam.

Theo bang chi tiéu, do cumg lai trung binh ctua Matlab/Simulink thap hon CarSim
~9,5% (0,144 so v6i 0,159 Nm/°); d6 cing tai goc lai bang 0 chénh ~5,1%. Nguoc lai, do
nhay gia toc ngang theo goc lai ciia Matlab/Simulink cao hon ~9+9,4% (0,012 so voi
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0,011 g/°). P6 doc mod men theo gia toc ngang tai a, = 0 chénh ~9,6% (Matlab/Simulink
nho hon), con tai 0,1g chénh ~7,1% (Matlab/Simulink 16n hon). Cac hé s tuyén tinh R2
déu rat cao (=0,95+1,00), x4c nhan quan hé gén tuyén tinh. Gia tr1 cuc dai trung khop:
mo men 16n nhét 3,52 Nm, gia toc ngang cuc dai ~0,306 g (sai khac ~1%). Do nhay van
tbc xoay than xe theo goc lai va theo mdé men & tdm trong CarSim nho hon
Matlab/Simulink ~9+10%, ham y CarSim dy bdo phan Ung xoay than xe bdo thu hon.
Két qua cho thdy hai mé hinh cho mirc twong dong cao ca vé hinh thai va dinh luong; sai
khac tap trung & nhom do ctng va do nhay (~7+10%), c6 thé do tham s6 héa 16p, ma sat-
dan hoi hé thong 14i va khac biét thuat toan giai. Matlab/Simulink 1a mé hinh du tin cdy
cho phan tich va hiéu chinh cam giac 1ai trong bai thir nghiém chuyén trang thai.

b. Panh gid cam gidc 1di tir chi tiéu khdach quan dén mé ta chi quan

So sanh cac gia tri trong Bang PL4.6 véi Bang 2.3, bang cac chi tiéu danh gia cam
giac 1ai khach quan trong luan an, cho thay:

- Cam giac ban dau quanh 0°: tay lai muot, on dinh, nhung hot ¢6 do dinh/dd ro nhd.
Khi dao chiéu rat nho nguoi 1ai c6 thé thay “dinh nhe” réi méi “an”.

- Tinh nhay xir 1y trung tdm: do S, ~ 0.011 g/° va hé sd nhay vén tc xoay than xe
~0.22+0.24, cam giac chua that “sdng/sic” & pha dau; can xoay vanh tay 1ai hoi nhiéu dé
xe phan hoi.

- Khi ro1 tdm: phan hoi tré nén chic va lién lac, dién tich vong tré nho tao d6 muot
t6t; khong co xu hudng giat hodc dao dong.

- Téng thé: an toan, d& doan, thién vé “ém - 6n dinh” hon 1a “sic - nhanh”.

c. Panh gid tinh phit hop bdn dé ddc tinh tro lyc lai C-EPS

- Ban d6 dic tinh tro luc 14i hién tai wu tién 6n dinh va chic tay tro luc cao ¢ tim,
giam nhanh theo ay). Doi lai, d6 nhay xir Iy trung tdm bi hy sinh va khoi phat phan hoi
theo mo men con tré.

4.4.4. Thir nghiém danh gia cam giac 14i quay vong tai chd (Steering effort test at
standstill)

4.4.4.1. Muc dich, phwong phap, xir Iy s6 li¢u thir nghi¢m
4.4.4.1.1. Muc dich

Bai thir nghiém quay vong tai chd thudc nhém cac phép thir danh gia dic tinh dicu
khién 6n dinh ciia hé thong i, didc biét nham kiém tra:

Kha ning tao va diéu khién mo men l4i trong diéu kién xe dimg yén hoic téc do rat
thap.

Mitc do ho tro cua hé théng tro luc 1ai dién thong qua ban dd dic tinh tro luc 1ai dé
dam bao cam giac 1ai “nhe - chinh x4c - nhat quan”.

béanh gid cam giac lai tinh hoc: D) nang tay, do muot, do déng nhét cua tro luc
trong viing ma sat khai dong va khi doi chiéu quay 1ai.

Kiém tra tinh phu hop ciia ban d6 dic tinh tro luc 14i, ddc biét & tbe d thap, noi anh
huong 16n dén cam giac “nang/nhe” khi d xe, quay dau, hodc thao tac trong khong gian
hep.
4.4.4.1.2. Phuwong phap thir nghiém

Xe dung yén, banh xe trudc dat trén bé mit co d6 bam cao, vo hiéu hoa hé théng
phanh. Nguoi l4i hodc ré bdt didu khién xoay vanh tay lai tir vi tri trung tAm sang trai
hozc phai dén hét hanh trinh goc 14i, roi quay trd lai vi tri trung tam.
4.4.4.1.3. Xur ly dir liéu thir nghiém

Thong s do luong: Thoi gian thir nghiém, goc 14i, goc quay banh xe dan huéng, mé
men 141, m6 men trg lyc. Cac dai luong dugc tinh toan tur tin hi€u do nhu trong Bang
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PL4.7 va Bang PL4.8.
4.4.4.2. Thir nghiém va danh gia két qua thir nghiém
4.4.4.2.1. Thir nghiém

Ttr quy dinh trén, luan an thyc hién mé phong: van tbc v=0 km/h; thuc hién danh
14i hinh sin tan sb 0,2Hz, gié tri dinh song m6 men dam bao vanh tay lai di hét hanh trinh
tir vi tri trung gian - sang trai - sang phai - vé trung gian trong khoang thoi gian 5s . Két
qua thir nghiém 4o duoc thé hién nhu Hinh PL4.47 va Hinh PL4.48.

a. Torque-Tlme = b. Steering angle-Time

e | & 1000 T T
E )
Z o
" 2
=3 &
= £
o =
= D
Z £
2 |l ¥ | | 2
0 2 4 6 8 o

Time [s] Time [s]

c. Rack displacement-Time S d. Front wheel angle-Time

100 |

| =
|—— g [rreen]

100 |- - .l

o 2 4 6 8 4 6 8 10
Time [s] Time [s]
Hinh PL4.47. KQOMP Bai thir nghi¢gm quay vong tai ché
Bing PL4.7. Bing so sinh KOMP quay vong tai ché Simulink va CarSim

Rack displacement [mm]
o
Front wheel angle [Deg]

—
o
'
93}
o
QO =
L%}

e . RMS(x) Max|x|
Thamso — bon vi Sai léch Sai léch
Parameter Unit Simulink CarSim ' Simulink  CarSim j
Error Error
Time (s) 5774 5,774 0,00% 10,000 10,000 0,00%
T, [Nm] 1,768 1,768 0,00% 2,500 2,500 0,00%
Q4 [°] 421,131 408,798 2,93% 682,012 645,627 5,33%
Yy [mm] 77,023 74,664 3,06% 124,684 117,754 5,56%
i [°] 25,615 24,917 2,72% 41,466 39,352 5,10%

Nhin xét vé tinh twong dong div ligu theo thoi gian: Tir Hinh PL4.47 va Bang PL4.7
cho thdy. Trong phép thtr quay vong tai chd, két qua giira Matlab/Simulink va CarSim cho
thdy mirc twong hop rit cao, cac do thi mé men 1ai, goc vanh tay lai, dich chuyen thanh
ring va goc banh truéc chong khit vé pha, ting d6i xtng theo thoi gian va hau nhu khong
xuét hién vong tré. Vé dinh lugng, mo men lai trung khép tuyét ddi (RMS = 1,768 Nm; cuc
dai 2,50 Nm; thoi gian chu ky 10 s). Sai khac con lai déu nho, gbc vanh tay lai léch 2,93%
theo RMS va 5,33% ¢ cuc dai; dich chuyén thanh rang I¢ch 3,06% va 5,56%; géc banh
trude 1éch 2,72% va 5,10%. Cac chénh léch chu yéu xuét hién ¢ ving gan cuc tri, nhiéu kha
ning do khéc biét tinh chinh ty sd truyén 1ai va hanh trinh thanh rang, dinh nghia gi¢i han
co khi, cling nhu m6 hinh ma sat va dan hoi trong hé théng tro luc dién. Téng thé, mé hinh
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Matlab/Simulink du do tin cay dé thay thé CarSim trong danh gia dic tinh quay vong tai
cho va hiéu chinh hé thong 14i.

.. SWT-SWA

2 =

Steering Torque Td [Nm]
o

-750 -500 -250 0 250 500 750

Steering wheel angle [Deg]
Hinh PL4.48. KOMP Dadnh gia cam gidc lai quay vong tai cho
Bing PL4.8. Bing so sdnh chi tiéu cam gidc ldi quay vong tai ché Simulink va CarSim

Gia tri/Values  Sai

TT Tham s6 Ky hiéu DPonvi lach
No Parameter Symbol Unit SML CS -
Error
1 D0 cirng lai trung binh-chiéu dwong K, [Nm/9 0,0018 0,0016 7,60%

(Steering stiffness-positive)
Do clrng lai trung binh-chiéu am

2 (Steering stiffnes‘s-negati\‘/e) Kn [Nm/) 0,018 0,0016 7,57%
(Storing siffness at o steer positve) 0 [N/ 00015 0,0014 495%
(Steoring siffsess at zero seernegative) Ko [Vm/ 00015 00013 827%

c qus;(r)n lﬁz ggirzftfif:)% [Kroweswal - 1,0030 0,9815 2,14%

6 “(/llslamxﬁﬂi?rll ﬁrrléfgt [Tamee]  [Nm] 2,500 2,5000 0,00%

7 (Maxifn(?lcrrlléitlg;‘;}jgngle) [Pamas] [7 660320 57092 13,5%

IR ) v

9 Hé s6 tuyén tinh R?- chiéu &m (R?](—) ) 09626 0,9150 4,95%

(Linearity R*-negative)
Do tré mo men lai va goc lai
10  (Steering torque - Steering angle time [Tswt/swal [s] 0,6691 0,7225 7,39%

lag)

Dién tich vong tré

(Steering work per cycle)

Vung chét m6 men
(Steering friction - Torque deadband)
4.4.4.2.2. Pdanh gid két qud thir nghiém
a. Nhdn xét vé tinh twong dong dit liéu ddnh gid cam gidc ldi
Tir Hinh PL4.48 va Bang PL4.8 cho thay. Trong phép thir quay vong tai chd, hai mé

11 [Aaweswal Ul . 62372 -

12 [T.(0q(0)] [Nm] 22633 2,2998 1,59%
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hinh cho mitc twong hop cao vé hinh thai: dudng quan hé md men lai - goc lai cia
Matlab/Simulink va CarSim gan chong khit, vong tré nho va phan nhéanh trai/phai gan d6i
xung (ty s6 bat d6i xtng = 1,00; sai 1éch ~2%). Cac dac trung dinh luong cling sat nhau,
mo men 16n nhat tring khdp 2,50 Nm; viing chét md men quanh vi tri trung tim sai khac
~1,6%; dd tré thoi gian cua cip tin hiéu mo men l4i - goc 1ai 1éch ~7%. Chénh 1éch dang
cht y nam & “d6 cimg 14i”: gi tri trung binh theo ca hai chiéu ciia Matlab/Simulink cao
hon CarSim khoang 7+8% va tai goc 1ai bang khong 1éch 5+8%, ham ¥ cam gidc ning
tay hon trong mé6 hinh Matlab/Simulink. Ngoai ra, goc lai cyc dai cua Matlab/Simulink
16n hon khoang 13,5% (660° so voi 571°), cho thiy khac biét tham so hoa hanh trinh
thanh ring/ty s6 truyén hodc dinh nghia dlem dung co khi. H¢ sO tuyén tinh R? déu rat
cao (~0,96+1,00), xac nhan quan hé gin tuyén tinh ngoai ving dung. Tong thé,
Matlab/Simulink tai hién t6t dic tinh quay vong tinh.

b. Panh gid cam gidc 1di tir chi tiéu khdch quan dén mé ta chii quan

Tir gia tri trong Bang PL4.8, cho théy:

Két qua quay vong tai chd cho thiy d6 cing tay lai trung binh hai chiéu gan twong
duong (K, = 0,0018; K, ~ 0,0018 & Matlab/Simulink va ~ 0,0016 ¢ CarSim), tuyén tinh
cao (R*(+) = 1,00; R? (-) = 0,95+0,96) va mirc bét dbi xang nho (K, ~ 0,98+1,00), nén khi
da vuot ma sat ban dau cam giac tay 1ai déu, dé du doan & ca hai chiéu. Tuy vay, ving
trung tam con hoi nang: mé men khoi dong Tupa-0 = 2,26+2,30Nm lam nguoi lai phai

“ra lyc” rd méi bat dau quay; ddng thoi d6 tré mo men 14i va goc lai = 0,67 dén 0,72 va
vong tré day khi doi chiéu, gy cam giac khac nhe quanh 0°. O gan gi61 han hanh trinh,
Timar = 2,5Nm gitip nhan biét diém chin ré rang ma khong qua git, phu hop thao tac
dd/quay dau.

c. Panh gid ban dé ddc tinh tro lyc lai C-EPS (Assist map)

Ban dd dic tinh tro luc lai hién tai gitr dugc do déu ¢ dai gitra hanh trinh, d6 doc
tong 6n dinh, R? cao, K, gan 1 nén khong 1¢ch trai/phai, vi vay cam giac sau khi vanh tay
14i d4 chuyén dong 1a tu nhién va nhit quan. Diém can cai thién nim & ving trung tim:
bl ma sat tinh con thiéu nén T4(94(0) cao, thoi gian chuyen luc qua 0° dai va vong tré
con 1o, dan téi nang tay khi bt dau quay. Tém lai, ban d6 dac tinh tro lyc 1ai dap tng
t6t & dai gitra va cudi hanh trinh, nhung cin ting b ma sat tinh ¢ diéu kién va 1am muot
chuyén tiép quanh 0°, giam tré, thu hep vong tré, dé dat cam giac “nhe - ém - nhit quan”
dting muc tidu ctia hé C-EPS khi quay tai chd.

4.4.5. Thir nghiém danh gia cam giac lai voi tin hi€éu budc (Step steering input test)

4.4.5.1. Muc dich, phwong phap, xit 1y so liéu thir nghiém
4.4.5.1.1. Muc dich

Thir nghiém véi tin hiéu budc duoc trinh bay trong tiéu chuan GB/T 6323-2014 va
ISO 7401:2011. Bai thir nay danh gia kha nang phan Gmg nhanh, d6 nhay va tinh 6n dinh
tic thoi ciia hé thong 1ai thong qua kich thich goc 1ai dang budc. Bao gom:

- Panh gia cam giac 1ai phan tng tic thoi tai ving trung tim - tirc phan ing dau tién
cua xe khi nguoi lai quay vanh tay l1ai nhanh trong vung tam. Lién quan tryc tiép dén cam
giac “nhay”, “chic” hay “i” cua tay lai.

- Phan tich su phéi hop gitta toc ¢ phan tng van téc xoay than xe, gia tbc ngang, va
mo men lai trong pha khoi dong danh lai.

- Kiém chu‘ng ban do dic tinh tro luc 14i: EPS ¢6 dt nhanh dé tao cam giac ty nhién,
khong bi “tré” hodc “trg lyc vuot qua”; md men trg lyc ting dung ty 18 véi van téc va mo
men lai.
4.4.5.1.2. Phwong phap thur nghiém

(13 ,’
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- X4c dinh téc do thu khong 16n hon 70% tbc do toi da cua xe, 1am tron dén boi sd
10, nhung khong vuot qua 120 km/h.

- Xac dinh trudc goc 1ai: chon goc quay tuong tmg véi cac gia tri gia toc ngang 6n
dinh ay = 1,0; 1,5; 2,0; 2,5; 3,0 m/s>.

- Thyc hién thu: xe chay théng & toc do thir, loai bo hanh trinh ro tu do cia vanh tay
141, bat dau ghi dir liéu. Sau 0,2+0,5 s, quay vanh tay 1ai nhanh (< 0,2 s hoic > 200°/s)
dén vi tri da chon va giit vai gidy cho dén khi cac bién 6n dinh.
4.4.5.1.3. Xu ly di liéu thir nghi¢m

Thong s6 do luong: Thoi gian thr nghiém, van toc thtr nghiém, goc lai, goc quay
banh xe dan hudng, mé men lai, md men tro luc, van toc goc xoay than xe, gia toc ngang.

Céc dai luong dugc tinh todn tir tin hi€u do nhu trong Bang PL4.9. Trong do6:

V=[P +3)—Po|; o= 100%—"”’“"7’?']'“’"'
Yo
Ey, = t0+T |¢(t) — 1p0| dt (T- thoi gian dat dén O0n dinh méi)
t0+T _ay Yo
an = | y(t) ayol dt ; Gay = (py Gl[! = a
4.4.5.2. Thir nghlgm va danh gia két qua thir nghiém
4.4.5.2.1. Thir nghiém

Theo yéu cau trén, luan an tién hanh thir nghiém ao: Van téc 6 t6 v = 100 km/h;
mo men lai dang Step kich thich trong 0,2s, gia tri diqh mo men dam bdo tao ra gia toc
ngang cua xe dat dinh 0,3g. K&t qua mo6 phong dugc thé hién nhu Hinh PL4.49.

= a. Torque-Time g b. Steering angle-Time
% — Ty Nm| 9— 30 — [ Deg
Z e e = e
o 10 —f.\.. Eﬁ
tﬁ ©
= e - o
BB p———% -
e =
= | (=]
=3 £
20 . ; o . |
0 10 20 30 in O 10 20 30
Time [s] Time [s]
by c. Rack dlsplacement-Tlrne = d. Front wheel angle-Time
.E. ° |-—rr | | 8 1 H .'
5 4 2 15]
E 3 =
3 = 1
B 9 3
Ty <
= 1 =05
x =
§ 0 o %
o 0 L 30
Tlme [s] Tlme [S]
- e. Lateral acc-Time f. Yaw rate-Time
o= ’ e 9] Eﬁ —— [ Dea/]|
203 2
S =
a2 2’
S <
E 0.1 % 2]
}_
0
0 10
Time [s] T|me [S}

Hinh PL4.49. KQOMP Phdan wng tirc thoi voi kich thich buwoc (Danh ldi sang trai)
Bdng PL4.9. Bang chi tiéu danh gia cam gidc ldi lai phdn wng tirc thoi
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Gia tri

Sai

TT Tham s6 Ky hiéu Pon vi Values lach Panh gia
No Parameter Symbol Unit . . ;
trai phai Error
Thai gian thir nghiém 0
1 (Test duration) t [s] 25 25 0%
Thoi diém 5% goc lai 0 0
(Time at 5% steering angle) 9a(5%) [t] 10,074 10,074 0%
Goc lai 6n dinh ] o,  Gidtri pht hop véi
3 (Steering angle steady) Pdo (1 23,793 -23793 0% a,x0.294¢g
Van toc xoay than xe 6n dinh . 0 0
4 (yaw rate steady) Yy [Ys] 6,082 -6,082 0%
Gia t6c ngang on dinh ) 0
> (Lateral acc steady) 0 lg] 2,940 -2,940 0%
Do vuot clia van toc xoay <5 9% — dao dong
6 than xe o [%] 2,484 2,484 0%  thap, hé théng céd
(Overshoot of yaw rate) gidm chan tot
Tong phwong sai van téc . A
7 xoay than xe E, [s] 0084 0084 0% NnO %gf{;ﬂi‘-’“g It
(Total deviation of yaw rate) '
Tong phwong sai gia téc
ngang o, Nho — cam gidc ém
(Total deviation of lateral & [s] 0089 0089 0% diu, gidm qua do.
acceleration)
bdc trung phan &ng
Hé s nhay van t6c xoay than [(7s) on hoa, thién vé ém
9 xe Gy 0,256 0,256 0% diu, 6n dinh, khong
(yaw rate sensitivity gain) /1 qua nhay hay dot
ngot
Hé sé nhay gia t0c ngang G 0 Tuyén tinh, nam
10 (Lateral acc sensitivity gain) o lg/7 00124 00124 0% vung on dinh.
Thoi gian dat 10% gia tri on
dinh 0
11 (Time to reach 10% of f10 [s] 0176 0176 0%
steady-state)
Thoi gian dat 50% gia tri on
dinh 0 Cham-vira, ém ai,
12 (Time to reach 50% of ts0 [s] 2830 2830 0% thién an toan
steady-state)
Thoi gian dat 90% gia tri 6n
dinh 0
13 (Time to reach 90% of L9 [s] 3469 3469 0%
steady-state)
Thoi gian tang tir 10% dén Ngg: gocrllli ggil(?nm
14 90% tio—90 [S] 3,293 3,293 (0% hane E — dAp &n
(Rise time from 10% to 90%) g * puns
vira phai
Tré pha giita goc 14i va van
tdc xoay than xe o, Phanhoi nhanh, 6n
15 (Phase time lag SWA-yaw [s] 0109 0109 0% dinh.
rate)
16 Mo mencucdaiciagoéclai  Tynae [Nm] 4,506 -4506 0% Cho cdm gidc trung
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(Peak steering torque) tinh-hoi nhe & cao
téc: hop “sang-ém”,
nhwng chwa dam
néu hwéng “thé
thao”

4.4.5.2.2. Pdnh gid két qud thir nghiém
a. Pdanh gid cam gidc 1di tiv chi tiéu khdch quan dén mé ta chit quan

- Khach quan: Dya vao céc gia tri trong Bang PL4.9, cho thiy hé thong cho do 6n
dinh cao (o, E. thap), d6 tré pha nho, dbi xtmg trai/phai tot, xe di thang va phan tng 6n
dinh.

- Chii quan: Cam gic 14i “chic tay, bam duong, ém diu”, khong bi ving dudi khi
kich thich nhanh. Tuy nhién, thoi gian tich lu§ dap Gng 3.29s khién phan ing chuyén lan
chua “sac” — phi hop xe hang E thién ém ai, it thé thao.

b. Pdnh gid ban dé ddc tinh tro lec ldi C-EPS (Assist map)

- Véi 0, E,, E,y déu nho va thoi gian tré T ngin, ban do C-EPS hién tai dang phan b
trg lyc 6n dinh va hiéu qua.

- Tuy nhién, & toc d6 100 km/h, cam giac 1ai c¢6 thé hoi nhe — con thiéu “do dam”
can thiét trong dudng cao tic.

- V& céu trac diéu khién, ban d6 dang duy tri d6 can phu hop; khong can ting thém
vi s€ lam kéo dai tso/teo va gidm tinh linh hoat.
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PHU LUC V: MA CODE CHUONG TRINH MAY TiNH

5.1. MA CHUONG TRINH CHAY MO PHONG
5.1.1. Ma chuong trinh thiét ké t6i wu dong hoc hinh thang 13i Ackermann

% Thong so dau vao¥%

14= 0.702;

15=0.377; %m chieu dai don thanh noi ben hinh thang lai
16=0.154; %m chieu dai don ben hinh thang lai

17=15;

18=16;

19=0.0395;

110=19;

h=0.175; %m khoang cach truc thuoc lai va don ngang
m=1.521; %m khoang cach tam tru dung

Lcs=3.05; %m chieu dai co so xe

L= Lcs;

phi60=77.5; %[Do] Goc ban dau don quay ben
phi80=phi60; %[Do] Goc ban dau don quay ben

phi50 = 0.0654323963; %[Rad] Goc ban dau thanh day ben
phi70 = phi5@; %[Rad] Goc ban dau thanh day ben
rp=0.0105; %m ban kinh truc rang

r=rp;

rw = 0.353; %m ban kinh banh xe

gc = 3.5%pi/180; %rad goc caster (©-3) do

gp = 8*pi/180; %rad goc kingpin (©-8) do

1w=0.0395; %m do dai ngong truc banh xe dan huong

lwl= 1w*0.9; %m toa do trong tam thanh 8 so voi tam quay
%b=0.14*rw; %m lech sau cua phan luc ngang

rss = 0.16; %m ban kinh vanh tay lai

ml = 2.557; %kg
m2 = 1.973; %kg
m3 = 0.074; %kg
m4 = 2.370; %kg
m5 = 0.337; %kg
m6é = 45.117; %kg
m7 = m5; %kg

m8 = m6; %kg

J1 = 0.009787; %kg.m2
J2 = 0.000099; %kg.m2
J3 = 0.000004; %kg.m2
J4 = 0.000185; %kg.m2
J5 = 0.016239; %kg.m2
J6 = 1.303406; %kg.m2

J7 = 315; %kg.m2
J8 = J6; %kg.m2

%%%%%% THIET KE TOI UU HINH THANG LAI

t =0:0.5:5;

alp = 0:4:40;

bet = acot((m/L + cot(alp*pi/180)))*180/pi;

% Khdi tao gia tri ban dau cho 14, 15, 16, phi5e, phieo
initial_params = [0.63, 0.4, 0.18, -2.67, 70, 0.15]; % [14, 15, 16, phi50, phi6@, h]

% Tuy chon cho t6i wu hoa
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options = optimset('Display', 'iter', 'TolFun', 1le-6, 'TolX', le-6);

% TOoi uu héa
[optimal_params, fval] = fminunc(@(params) objective_function(params, rp, m),
initial_params, options);

% % Hién thi k&t qua

fprintf('Gia tri téi wu:\n');

fprintf('14 = %.4f\n', optimal_params(1));
fprintf('15 = %.4f\n', optimal_params(2));
fprintf('1l6 = %.4f\n', optimal_params(3));
fprintf('phi5e = %.4f\n', optimal_params(4));
fprintf('phi60 = %.4f\n', optimal_params(5));
fprintf('h = %.4f\n', optimal_params(6));
fprintf('Gia tri ham myc tiéu: %.4f\n', fval);

fprintf('Gia tri téi wu:\n');
fprintf('%.4f\n', optimal_params(1));
fprintf('%.4f\n', optimal_params(2));
fprintf('%.4f\n', optimal_params(3));
fprintf('%.4f\n', optimal_params(4));
fprintf('%.4f\n', optimal_params(5));
fprintf('%.4f\n', optimal_params(6));
fprintf('Gia tri ham myc tiéu: %.4f\n', fval);

% Ham tinh toan phi6, phi8, phi3, alptt, bettt, betlt

function [phi6, phi8, alptt, bettt, betlt, phi3] = calculate_values(params,rp,m)
14 = params(1);

15 = params(2);

16 = params(3);

phi50 = params(4);

phi6® = params(5);

h = params(6);

% Xac dinh dich chuyén thanh rang y4 va nl, n2

phi3 = 0:0.1:720*pi/180;

y4 = rp.*phi3;

% 140 = m - 2*(16.*cos(phi6@*pi/180) + 15.*cos(phi50*pi/180));
nl = (m-14)/2 + rp.*phi3;

n2 = (m-14)/2 - rp.*phi3;

% h = 16.*sin(phi6@*pi/180) + 15.*sin(phi50*pi/180);

xR

Xac dinh phi5, phi6, phi7, phi8

A = 2.*h.*15;

B = -2.*nl1.*15;

C=nh."2+nl1.”2 + 15.72 - 16.72;
D = -2.*%h.*16;

E = -2.*%nl.*16;

F=h."2+nl1."2 + 16.72 - 15.72;
phi5 = 2.*atan((A+sqrt(A.”~2+B.”2-C.”2))/(B-C)); %phi5
phi6 = 2.*atan((D-sqrt(D.”2+E.”2-F.~2))/(E-F)); %phi6

G = 2.*h.*15;

H = -2.*%n2.*15;

K=h."2 + n2.72 + 15.72 - 16.72;
L = -2.*%h.*16;

M = -2.*%n2.*16;

N=nh."2+ n2.72 + 16.72 - 15.72;
phi7 = 2.*atan((G+sqrt(G.”2+H.”2-K.”2))/(H-K)); %phi7
phi8 = 2.*atan((L-sqrt(L.”24+M.”2-N.”2))/(M-N)); %phi8
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alptt
bettt

phi6@ - phié6;
phi6@ - phis8;

for i =1:1length(phi3)

% h(i) = 16.*sin(phi60*pi/180) + 15.*sin(phi50*pi/180);

% 14(i)= m(i)- 2*(16.*cos(phi60*pi/180) + 15.*cos(phi50*pi/180));
nl(i) = (m-14)/2 + rp.*phi3(i);

n2(i) = (m-14)/2 - rp.*phi3(i);

D = -2.*%h.*16;

E(i) = -2.*n1(i).*16;

F(i) = h.”2 + n1(i).”2 + 16.7~2 - 15.”72;

phi6(i) = 2.*atan((D-sqrt(D.”2+E(i).72-F(i).72))/(E(1)-F(i)));
L = -2.*%h.*16;

M(i) = -2.*n2(i).*1l6;

N(i) = h.22 + n2(i).”2 + 16.72 - 15.72;

phi8(i) = 2.*atan((L+sqrt(L.”2+M(i).”~2-N(i).”2))/(M(1i)-N(1)));

alptt(i) = phi6@ - phi6(i);

bettt(i) = phi6@ - phi8(i);

betlt(i) = acot((m/L + cot(alptt(i)*pi/180)))*180/pi;
end

end

% Ham muc tiéu dé t6i uu hda

function error = objective_function(params, rp, m)

[phi6, phi8, alptt, bettt, betlt, phi3] = calculate_values(params, rp,m);
% Tinh toan sai soé

error = sum((bettt - betlt) .~ 2); % Sai s6 binh phuong

% CHAY SIMULINK

v=90/3.6; %m/s

tsim=3;
[t]=sim('PTVPVS3',[0,tsim]);

%TOA DO CAC KHAU

xC = 0; yC = 0;

XF = 0; yF = m;

xB = -16*sin(phi6.signals.values/180*pi); yB = 16*cos(phi6.signals.values/180*pi);

xA= xB-15*sin(phi5.signals.values/180*pi); yA = yB+15*cos(phi5.signals.values/180*pi);
xD = xA; yD = yA + 14;

XE= xF-18*sin(phi8.signals.values/180*pi); yE = yF-18*cos(phi8.signals.values/180*pi);

XN = xC+a*sin((phi6.signals.values-phi60)/180*pi); yN = yC-
a*cos((phi6.signals.values-phi60)/180*pi);

xN1 = xN+Rw*cos((phi6.signals.values-phi60)/180*pi); yN1
yN+Rw*sin((phi6.signals.values-phi60)/180*pi);

XN2 = xN-Rw*cos((phi6.signals.values-phi60)/180*pi); yN2 = yN-
Rw*sin((phi6.signals.values-phi60)/180*pi);

xL = xF+a*sin((phi8.signals.values-phi80)/180*pi); yL =
yF+a*cos((phi8.signals.values-phi80)/180*pi);

xL1 = xL+Rw*cos((phi80-phi8.signals.values)/180*pi); yL1l = yL+Rw*sin((phi8e-

phi8.signals.values)/180*pi);

xL2 = xL-Rw*cos((phi8@-phi8.signals.values)/180*pi); yL2
phi8.signals.values)/180*pi);

%vi tri quay sang trai

XYN = [xN1(end,1) xN2(end,1) xN(end,1l) xC(end,1) xB(end,1) xA(end,1) xD(end,1)
xE(end,1) xF(end,1) xC(end,1) xF(end,1) xL(end,1) xL1(end,1) xL2(end,1)
yN1(end,1) yN2(end,1) yN(end,1) yC(end,1) yB(end,1) yA(end,1) yD(end,1) yE(end,1)
yF(end,1) yC(end,1) yF(end,1) yL(end,1) yL1(end,1) yL2(end,1)];

yL-Rw*sin((phi8e-

CC = [0 0]; BB = [-16*sin(phi60/180*pi) 16*cos(phi6@/180*pi)]; AA = [-h (m-14)/2];
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= [-Rw

FF = [0 m]; EE = [-18*sin(phi80/180*pi) m-18*cos(phi80/180*pi)]; DD = [-h (m+14)/2];
LL = [@ m+a]; LL1 = [Rw m+a]; LL2 = [-Rw m+a]; NN = [@ -a]; NN1 = [Rw -a]; NN2
-al;

%vi tri ban dau

XY = [NN1(1,1) NN2(1,1) NN(1,1) CcC(1,1) BB(1,1) AA(1,1) DD(1,1) EE(1,1) FF(1,1)

CC(1,1) LL(1,1) LL1(1,1) LL2(1,1)

NN1(1,2) NN2(1,2) NN(1,2) CC(1,2) BB(1,2) AA(1,2) DD(1,2) EE(1,2) FF(1,2) CC(1,

LL(1,2) LL1(1,2) LL2(1,2)];

% plot(XY(1,:),XY(2,:),'b-", "LineWidth',1.5);hold on;

[
(]

% plot(xN,yN, 'k-','LineWidth',1.5);hold on;
% plot(xN1,yN1, 'k-", " 'LineWidth',1.5);hold on;
% plot(xN2,yN2, 'k-","'LineWidth',1.5);hold on;

plot(xL,yL, 'k-", 'LineWidth',1.5);hold on;
plot(xLl,yLl, 'k-"', 'LineWidth',1.5);hold on;
6 plot(xL2,yL2, ' 'k-", 'LineWidth',1.5);hold on;

4k %k ok ok ok ok ok ok ok ok

3 3 3% 3

%I.DONG HOC

%1.1. Phid,phin,phim,phiH

figure(1l);

%QUY DAO Phid,phin,phim,phiH

% Phid,phin,phim,phiH theo time

subplot(121)

plot(Phidp.time,Phidp.signals.values, 'k-"', 'LineWidth',1.5);hold on;
%plot(Phidp.time,phim.signals.values, 'g-*"', 'LineWidth',1.5);hold on;
plot(Phidp.time,phin.signals.values, 'b--", 'LineWidth',1.5);hold on;
plot(Phidp.time,phiH.signals.values, 'r-.", 'LineWidth',1.5);hold on;
title('Phid,phin,phiH', 'FontSize', 12);

ylabel('Phi (do)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Phid,phin,phim,phiH theo phid

subplot(122)
plot(Phidp.signals.values,Phidp.signals.values, 'k-"', 'LineWidth',1.5);hold on;
%plot(Phidp.signals.values,phim.signals.values, 'k-*"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,phin.signals.values, 'b--"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,phiH.signals.values, 'r-."', 'LineWidth',1.5);hold on;
title('Phid,phin,phiH', 'FontSize', 12);

ylabel('Phi (do)', 'FontSize', 12);grid;

xlabel('Phid (do)','FontSize', 12);

set(gca, 'FontSize',12);

figure(2)

%van toc Phid,phin,phim,phiH

% Phid,phin,phim,phiH theo time

subplot(221)
plot(Phidp.time,dphid.signals.values, 'k-"', 'LineWidth',1.5);hold on;
%plot(Phidp.time,dphim.signals.values, 'g-*"', 'LineWidth',1.5);hold on;
plot(Phidp.time,dphin.signals.values, 'b--"','LineWidth',1.5);hold on;
plot(Phidp.time,dphiH.signals.values, 'r-."', 'LineWidth',1.5);hold on;
title('dPhid,dphin,dphiH', 'FontSize', 12);

ylabel('dPhi (do/s)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Phid,phin,phim,phiH theo phid

subplot(222)
plot(Phidp.signals.values,dphid.signals.values, 'k-"', 'LineWidth',1.5);hold on;

%plot(Phidp.signals.values,dphim.signals.values, 'k-*", " 'LineWidth',1.5);hold on;

2)
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plot(Phidp.signals.values,ddphin.signals.values, 'b--", " "LineWidth',1.5);hold on;
plot(Phidp.signals.values,dphiH.signals.values, 'r-.", 'LineWidth',1.5);hold on;
title('dPhid,dphin,dphiH', 'FontSize', 12);

ylabel('dPhi (do/s)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

%gia toc Phid,phin,phim,phiH

% Phid,phin,phim,phiH theo time

subplot(223)

plot(Phidp.time,ddphid.signals.values, 'k-', 'LineWidth',1.5);hold on;
%plot(Phidp.time,ddphim.signals.values, 'g-*"', 'LineWidth',1.5);hold on;
plot(Phidp.time,ddphin.signals.values, 'b--", 'LineWidth',1.5);hold on;
plot(Phidp.time,ddphiH.signals.values, 'r-.", 'LineWidth',1.5);hold on;
title('ddPhid,ddphin,ddphiH', 'FontSize', 12);

ylabel('ddPhi (do/s2)','FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Phid,phin,phim,phiH theo phid

subplot(224)
plot(Phidp.signals.values,ddphid.signals.values, 'k-"', 'LineWidth',1.5);hold on;
%plot(Phidp.signals.values,ddphim.signals.values, 'k-*"',"LineWidth',1.5);hold on;
plot(Phidp.signals.values,ddphin.signals.values, 'b--", " "LineWidth',1.5);hold on;
plot(Phidp.signals.values,ddphiH.signals.values, 'r-.", " "LineWidth',1.5);hold on;
title('ddPhid,ddphin,ddphiH’', 'FontSize"', 12);

ylabel('ddPhi (do/s2)','FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

%1.2. Phi5,phi6,phi7,phi8

figure(3);

% Phi5,phi6 theo time

%quy dao

subplot(221)

plot(Phidp.time,phi5.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.time,phi6.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('Phi5,Phi6’, 'FontSize', 12);

ylabel('Phi (do)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Phi5,phi6 theo phid

subplot(222)
plot(Phidp.signals.values,phi5.signals.values, 'k-", 'LineWidth"',1.5);hold on;
plot(Phidp.signals.values,phi6.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('Phi5,Phi6’, 'FontSize', 12);

ylabel('Phi (do)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% phi7,phi8 theo time

subplot(223)

plot(Phidp.time,phi7.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.time,phi8.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('Phi7,Phi8"', 'FontSize', 12);

ylabel('Phi (do)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% phi7,phi8 theo phid

subplot(224)
plot(Phidp.signals.values,phi7.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,phi8.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('Phi7,Phi8"', 'FontSize', 12);
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ylabel('Phi (do)', 'FontSize', 12);grid;
xlabel('Phid (do)', 'FontSize', 12);
set(gca, 'FontSize',12);

figure(4);

%van toc Phi5,phi6,phi7,phi8

% Phi5,phi6 theo time

subplot(221)

plot(Phidp.time,dphi5.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.time,dphi6.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('dPhi5,dPhi6"', 'FontSize', 12);

ylabel('dPhi (do/s)','FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Phi5,phi6 theo phid

subplot(222)
plot(Phidp.signals.values,dphi5.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,dphi6.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('dPhi5,dPhi6’, 'FontSize', 12);

ylabel('dPhi (do/s)','FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% phi7,phi8 theo time

subplot(223)

plot(Phidp.time,dphi7.signals.values, 'k-", 'LineWidth',1.5);hold on;
plot(Phidp.time,dphi8.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('dPhi7,dPhi8", 'FontSize', 12);

ylabel('dPhi (do/s)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% phi7,phi8 theo phid

subplot(224)
plot(Phidp.signals.values,dphi7.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,dphi8.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('dPhi7,dPhi8"', 'FontSize', 12);

ylabel('dPhi (do/s)','FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

figure(5);

%Gia toc Phi5,phi6,phi7,phi8

% Phi5,phi6 theo time

subplot(221)

plot(Phidp.time,ddphi5.signals.values, 'k-','LineWidth',1.5);hold on;
plot(Phidp.time,ddphi6.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('ddPhi5,ddPhi6’, 'FontSize', 12);

ylabel('ddPhi (do/s2)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Phi5,phi6 theo phid

subplot(222)
plot(Phidp.signals.values,ddphi5.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,ddphi6.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('ddPhi5,ddPhi6’, 'FontSize', 12);

ylabel('ddPhi (do/s2)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% phi7,phi8 theo time

subplot(223)
plot(Phidp.time,ddphi7.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.time,ddphi8.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('ddPhi7,ddPhi8"', 'FontSize', 12);
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ylabel('ddPhi (do/s2)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% phi7,phi8 theo phid

subplot(224)
plot(Phidp.signals.values,ddphi7.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,ddphi8.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('ddPhi7,ddPhi8"', 'FontSize', 12);

ylabel('ddPhi (do/s2)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

%1.3. Y4

figure(6);

%Quy dao

% Y4 theo time

subplot(121)
plot(Phidp.time,Y4.signals.values, 'k-", 'LineWidth',1.5);hold on;
title('y4', ' 'FontSize', 12);

ylabel('y4 (m)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Y4 theo phid

subplot(122)

plot(Phidp.signals.values,Y4.signals.values, 'k-"',"'LineWidth',1.5);hold on;
title('y4', 'FontSize', 12);

ylabel('y4 (m)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

figure(7);

%Van toc

% Y4 theo time

subplot(221)
plot(Phidp.time,dY4.signals.values, 'k-"', 'LineWidth',1.5);hold on;
title('dy4', 'FontSize', 12);

ylabel('dy4 (m/s)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Y4 theo phid

subplot(222)
plot(Phidp.signals.values,dY4.signals.values, 'k-"', 'LineWidth',1.5);hold on;
title('dy4', 'FontSize', 12);

ylabel('dy4 (m/s)','FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

%Gia toc

% Y4 theo time

subplot(223)
plot(Phidp.time,ddY4.signals.values, 'k-", 'LineWidth',1.5);hold on;
title('ddy4', 'FontSize', 12);

ylabel('ddy4 (m/s2)','FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Y4 theo phid

subplot(224)
plot(Phidp.signals.values,dY4.signals.values, 'k-', " 'LineWidth',1.5);hold on;
title('ddy4', 'FontSize', 12);

ylabel('ddy4 (m/s2)','FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);
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%1.4. anpha, bta, dba

figure(8);

%Quy dao anpha, bta, dba

% anpha, bta theo phid

subplot(221)
plot(Phidp.signals.values,Apha.signals.values, 'k-', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,Btatt.signals.values, 'r-."', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,Btalt.signals.values, 'b--", 'LineWidth',1.5);hold on;
title('Anpha, Beta', 'FontSize', 12);

ylabel('Anpha-Beta (do)', 'FontSize', 12);grid;

xlabel('Phid (do)','FontSize', 12);

set(gca, 'FontSize',12);

% Dbta theo phid

subplot(222)
plot(Phidp.signals.values,Dbta.signals.values, 'k', 'LineWidth',1.5);hold on;
title('DBeta’, 'FontSize', 12);

ylabel('Beta(do)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% bta theo anpha

subplot(223)
plot(Apha.signals.values,Btatt.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Apha.signals.values,Btalt.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('Anpha-Beta', 'FontSize', 12);

ylabel('Btatt,Betalt,(do)"', 'FontSize', 12);grid;

xlabel('Anpha(do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Dbta theo anpha

subplot(224)

plot(Apha.signals.values,Dbta.signals.values, 'k','LineWidth',1.5);hold on;
title('Anpha-DBeta', 'FontSize', 12);

ylabel('DBeta (do)','FontSize', 12);grid;

xlabel('Anpha(do)', 'FontSize', 12);

set(gca, 'FontSize',12);

figure(9);

%Van toc anpha, bta, dba

% anpha, bta theo phid

subplot(221)
plot(Phidp.signals.values,dApha.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,dBtatt.signals.values, 'r-.", " "LineWidth',1.5);hold on;
plot(Phidp.signals.values,dBtalt.signals.values, 'b--", " 'LineWidth',1.5);hold on;
title('dAnpha, dBeta','FontSize', 12);

ylabel('dAnpha-dBeta (do/s)', 'FontSize', 12);grid;

xlabel('Phid (do)','FontSize', 12);

set(gca, 'FontSize',12);

% Dbta theo phid

subplot(222)
plot(Phidp.signals.values,dDbta.signals.values, 'k', 'LineWidth',1.5);hold on;
title('dDBeta’, 'FontSize', 12);

ylabel('dDBeta (do/s)', 'FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% bta theo anpha

subplot(223)
plot(dApha.signals.values,dBtatt.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(dApha.signals.values,dBtalt.signals.values, 'b--"', 'LineWidth',1.5);hold on;
title('dAnpha-dBeta', 'FontSize', 12);
ylabel('dBetatt,dBetalt(do/s)"', 'FontSize', 12);grid;

xlabel('dAnpha (do/s)', 'FontSize', 12);

set(gca, 'FontSize',12);
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% Dbta theo anpha

subplot(224)
plot(dApha.signals.values,dDbta.signals.values, 'k', 'LineWidth"',1.5);hold on;
title('dAnpha-dDBeta’, 'FontSize', 12);

ylabel('dDBeta (do/s)', 'FontSize', 12);grid;

xlabel('dAnpha(do/s)"', 'FontSize', 12);

set(gca, 'FontSize',12);

figure(10);

%Gia toc anpha, bta, dba

% anpha, bta theo phid

subplot(221)
plot(Phidp.signals.values,ddApha.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.signals.values,ddBtatt.signals.values, 'r-.", " "LineWidth',1.5);hold on;
plot(Phidp.signals.values,ddBtalt.signals.values, 'b--","'LineWidth',1.5);hold on;
title('ddAnpha, ddBeta', 'FontSize', 12);

ylabel('ddAnpha-ddBeta (do/s2)','FontSize', 12);grid;

xlabel('Phid (do)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Dbta theo phid

subplot(222)
plot(Phidp.signals.values,ddDbta.signals.values, 'k', 'LineWidth',1.5);hold on;
title('ddDBeta’, 'FontSize', 12);

ylabel('ddDBeta (do/s2)', 'FontSize', 12);grid;

xlabel('Phid (do)','FontSize', 12);

set(gca, 'FontSize',12);

% bta theo anpha

subplot(223)
plot(ddApha.signals.values,ddBtatt.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(ddApha.signals.values,ddBtalt.signals.values, 'b--"',"'LineWidth',1.5);hold on;
title('ddAnpha-ddBeta', 'FontSize', 12);
ylabel('ddBetatt,ddBetalt(do/s2)"', 'FontSize', 12);grid;

xlabel('dAnpha (do/s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Dbta theo anpha

subplot(224)
plot(ddApha.signals.values,ddDbta.signals.values, 'k', 'LineWidth',1.5);hold on;
title('ddAnpha-ddDBeta', 'FontSize', 12);

ylabel('ddDBeta (do/s2)', 'FontSize', 12);grid;

xlabel('ddAnpha(do/s2)', 'FontSize', 12);

set(gca, 'FontSize',12);

%1.5. TOA DO CAC KHOP (X;Y)

figure(11);

%subplot(211)

plot(xA,yA, 'k-"',"'LineWidth',1.5);hold on;
plot(xB,yB, 'k-', " 'LineWidth',1.5);hold on;
plot(xC,yC, 'k-"',"'LineWidth"',1.5);hold on;
plot(xD,yD, 'k-"',"'LineWidth',1.5);hold on;
plot(xE,yE, 'k-"',"'LineWidth',1.5);hold on;
plot(xF,yF, 'k-"',"LineWidth"',1.5);hold on;

plot(xN,yN, 'k-"',"'LineWidth',1.5);hold on;
plot(xN1,yN1, 'k-", 'LineWidth',1.5);hold on;
plot(xN2,yN2, 'k-","LineWidth',1.5);hold on;

plot(xL,yL, 'k-"',"'LineWidth',1.5);hold on;
plot(xL1l,yL1, 'k-", 'LineWidth"',1.5);hold on;
plot(xL2,yL2, 'k-", " 'LineWidth"',1.5);hold on;

plot(XY(1,:),XY(2,:),"'b--","LineWidth',1.5);hold on;
plot(XYN(1,:),XYN(2,:), " 'r--","LineWidth',1.5);hold on;
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title('QUY DAO', 'FontSize', 12);
ylabel('Y (mm)', 'FontSize', 12);grid;
xlabel('X (mm)', 'FontSize', 12);grid;
set(gca, 'FontSize',12);

%1.6. MO MEN DONG CO

figure(12);

% Tm-Phim

subplot(221)
plot(phim.time,Tm.signals.values, 'k-", "'LineWidth',1.5);hold on;
title('DAC TINH MO MEN DONG CO', 'FontSize', 12);

xlabel('Time (s)', 'FontSize', 12);

ylabel('Tm (Nm)', 'FontSize', 12);grid;

set(gca, 'FontSize',12);

subplot(222)
plot(phim.signals.values*pi/180,Tm.signals.values, 'k-"', 'LineWidth',1.5);hold on;
title('DAC TINH MO MEN DONG CO', 'FontSize', 12);

xlabel('Phim (rad)', 'FontSize', 12);

ylabel('Tm (Nm)', 'FontSize', 12);grid;

set(gca, 'FontSize',12);

% It-Phim

subplot(223)
plot(phim.time,I.signals.values, 'k-", 'LineWidth',1.5);hold on;
title('DAC TINH DONG DIEN DONG CO', 'FontSize', 12);
xlabel('Time (s)', 'FontSize', 12);

ylabel('I (A)','FontSize', 12);grid;

set(gca, 'FontSize',12);

subplot(224)
plot(phim.signals.values*pi/180,I.signals.values, 'k-"', " 'LineWidth',1.5);hold on;
title('DAC TINH DONG DIEN DONG CO', 'FontSize', 12);
xlabel('Phim (rad)', 'FontSize', 12);

ylabel('I (A)','FontSize', 12);grid;

set(gca, 'FontSize',12);

figure(13);

%Quy dao anpha, bta, dba

% anpha, bta theo time

subplot(221)
plot(Phidp.time,Apha.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.time,Btatt.signals.values, 'r-."', 'LineWidth',1.5);hold on;
title('Anpha, Beta', 'FontSize', 12);

ylabel('Anpha-Beta (do)', 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

% Dbta theo time

subplot(222)
plot(Phidp.time,dDbta.signals.values, 'k', 'LineWidth',1.5);hold on;
title('dDBeta’, 'FontSize', 12);

ylabel('dBeta(do/s)", 'FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

subplot(223)

%Van toc anpha, bta theo time
plot(Phidp.time,dApha.signals.values, 'k-"', 'LineWidth',1.5);hold on;
plot(Phidp.time,dBtatt.signals.values, 'r-.", 'LineWidth',1.5);hold on;
title('dAnpha, dBeta', 'FontSize', 12);

ylabel('dAnpha-dBeta (do/s2)','FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

subplot(224)
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%Gia toc anpha, bta theo time

plot(Phidp.time,ddApha.signals.values, 'k-','LineWidth',1.5);hold on;
plot(Phidp.time,ddBtatt.signals.values, 'r-.", 'LineWidth',1.5);hold on;
title('ddAnpha, ddBeta', 'FontSize', 12);

ylabel('ddAnpha-ddBeta (do/s2)','FontSize', 12);grid;

xlabel('Time (s)', 'FontSize', 12);

set(gca, 'FontSize',12);

5.1.2. Ma chwong trinh t6i wu tham sé ¢, k, n

%0ptimize
%CHAY TOI UU THAM SO b,c,k,n

%
%

[
(]

[
(]

%
%

3R 3¢ X

%

DIt 1iéu dau vao

P4

V 40; 65; 80; 97; 110

V 11.11; 18.06; 22.22; 26.94; 30.56
T 3.00; 3.30; 3.40; 3.80; 4.10

a 3.00 3.00; 3.00; 3.00; 3.00

3% 3R 3R ¥ X

%E49(P4)

v = [40/3.6; 40/3.6; 40/3.6; 40/3.6];
ay = [0.25; ©0.35; 0.45; 0.5].*1;

Td = [2.25; 2.35; 2.43; 2.53];

v [5/3.6; 5/3.6; 5/3.6; 5/3.6]
dsw [pi/3 2*pi/3 p 2*pi]
Tsw 1.66 1.77 1.79 1.80

a =0.9;

%v = [80/3.6; 80/3.6; 80/3.6; 80/3.6; 80/3.6; 80/3.6];

Td [2.393+a; 2.547+a; 2.738+a; 2.921+a; 3.035+a; 3.097+a];
v = [160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6];
Td = [3.201+a; 3.399+a; 3.586+a; 3.781+a; 3.979+a; 4.190+a];

v = [160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6];
Td = [2.225+a; 2.348+a; 2.492+a; 2.635+a; 2.799+a; 2.963+a];
ay = [1.00; 2.00; 3.00; 4.00; 5.00; 6.00];

Gid tri ham t6i mé men mong mudn

v = [160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6];
Td = [3.201; 3.399; 3.586; 3.781; 3.979; 4.190];

ay = [1.00; 2.00; 3.00; 4.00; 5.00; 6.00];

% Vv =

[100/3.6;100/3.6;100/3.6;100/3.6;100/3.6;100/3.6;100/3.6;100/3.6,100/3.6;100/3.6;100/

3.

%

6,100/3.6];
% Td =

[19.148;20.838;23.848;27.882;30.354;32.833;32.439;33.841;33.271;35.381;35.188;35.249];

%

[
(]

%
%

[
(]

[
(]

0,
(]

%
%

% ay = [1.522;1.976;2.786;3.958;4.857;5.196;5.670;6.246;6.664;6.737;7.574,7.874].*1;

v = [10/3.6; 15/3.6; 20/3.6; 40/3.6; 60/3.6];
Td = [2.00; 3.00; 3.00; 3.00; 3.00];
ay = [1.06; 7.41; 5.32; 2.35; 1.45];

3R 3R X

v = [15/3.6; 20/3.6; 40/3.6; 60/3.6; 80.00/3.6; 100.00/3.6];
Td = [3.00; 3.00; 3.00; 3.00; 3.00; 3.00];
ay = [7.41; 5.32; 2.35; 1.45; 1.02; 0.78];
KT = 2.6715; % KT = 2.9477; % KT = 3.8554;
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v = [160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6];
Td = [2.201; 2.399; 2.586; 2.781; 2.979; 3.190];
ay = [1.00; 2.00; 3.00; 4.00; 5.00; 6.00];

% Khdi tao gia tri ban dau cho b, c, n, k
initial_params = [1, 1, 1, 1]; % [b, c, k, n]

% Tuy chon cho t6i uvu héa
options = optimset('Display', 'iter', 'TolFun', 1le-6, 'TolX', le-6);

% TOoi uu héa
[optimal_params, fval] = fminunc(@(params) objective_function(params, v, Td, ay, KT),
initial_params, options);

% Hién thi k&t qua

fprintf('Gid tri t6i uwu:\n');

fprintf('b = %.4f\n', optimal_params(1));
fprintf('c = %.4f\n', optimal_params(2));
fprintf('n = %.4f\n', optimal_params(4));
fprintf('k = %.4f\n', optimal_params(3));

fprintf('Gid tri ham muc tiéu: %.4f\n', fval);

%%kchay lay s6 liéu

fprintf('Gid tri t6i uwu:\n');
fprintf('%.4f\n', optimal_params(1));
fprintf('%.4f\n', optimal_params(2));
fprintf('%.4f\n', optimal_params(4));
fprintf('%.4f\n', optimal_params(3));
fprintf('Gia tri ham muyc tiéu: %.4f\n',

3R 3R R X

val);

%%chay 1lay s6 liéu

% fprintf('Gid tri to6i uwu:\n');

% fprintf('%.4f\n', optimal_params(1));
% fprintf('%.4f\n', optimal_params(2));
% fprintf('%.4f\n', optimal_params(4));
% fprintf('%.4f\n', optimal_params(3)); % k

% fprintf('Gia tri ham muc tiéu: %.4f\n', fval);

Q 3 3¢ 3
S5 0 ©

% Ham tinh todn Kd, ay va T(a)
function [ay_calculated, Ta, Kv] = calculate_values(params, v, Td, KT)

b = params(1);
c = params(2);
k = params(3);
n = params(4);

Kd =b ./ (1 +c*v .»Kk);

ay_calculated = (b ./ (1 + ¢ * v .~ k)) .* (abs(Td)) .~ n .* sign(Td);
Kv = (1 - 0.0606.*v + 0.0003.*(v."2));

Tdmin =1;

% T(a) tinh toan

Ta = zeros(size(Td));

for i = 1:1length(Td) ‘
Ta(i) = (KT * Kd(i) * (abs(Td(i)))~(n-1) - 1)*Td(i); %% THAY THE BANG CUM LENH IF-END
PHIA DUGI CHO KET QUA GIONG NHAU

% if abs(Td) < Tdmin

% Ta = 0;

% elseif abs(Td(i)) >= Tdmin
% if abs(KT*Kd(i)*((Td(i)-Tdmin*sign(Td(i))))*(n-1))<= 1
% Ta(i) = 0;
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% elseif (abs((KT * Kd(i) * abs((Td(i)-Tdmin*sign(Td(i))))"(n-1) - 1)*(Td(i)-
Tdmin*sign(Td(i)))) < abs(Kv(i) *(Td(i)-Tdmin*sign(Td(i)))) && (Kv(i) >0))

% Ta(i) = Kv(i)*(Td(i)-Tdmin*sign(Td(i)));

% elseif (abs((KT * Kd(i) * abs((Td(i)-Tdmin*sign(Td(i))))"(n-1) - 1)*(Td(i)-
Tdmin*sign(Td(i)))) >= abs(Kv(i) * (Td(i)-Tdmin*sign(Td(i))))) && (abs((KT * Kd(i) *
abs((Td(1)-Tdmin*sign(Td(i))))*(n-1) - 1)*(Td(i)-Tdmin*sign(Td(i)))) <= 24)

% Ta(i) = (KT * Kd(i) * abs((Td(i)-Tdmin*sign(Td(i))))"~(n-1) - 1)*(Td(i)-
Tdmin*sign(Td(i)));

% else Ta(i) = 24*sign(Td(i));

% end

% end

end

end

% Ham muc tiéu dé t6i uu hda

function error = objective_function(params, v, Td, ay, KT)
[ay_calculated, T_a] = calculate_values(params, v, Td, KT);
% Tinh toan sai so

error = sum((ay_calculated - ay) .~ 2); % Sai sé binh phuong

5.1.3. Ma chwong trinh xay dung va phan tich EPS Map

%VE DO THI Ta_Td (PA OK)
function calculate_and_plot(NHAPSOLIEU)

%CAC HE SO LUA CHON

gama = 1.1; %He so ke den anh huong cua mo men can on dinh
kv = 3.6; %He so doi don vi van toc

kpi = 180/pi; %He so doi don vi goc

kdg = 1;

f= 0.02; % he so can lan

gy = 0.8; % He so bam ngang

gx = 0.8; % He so bam doc

%k = ©0.2; % He so luc keo cau sau

g = 9.81; % [m/s2] gia toc trong truong

kg = 1000/g; %He so chuyen doi kN thanh kg

Pdmax = 30; %N luc tac dung lon nhat cua nguoi lai khi co tro luc
Td_min = 1; %[Nm] Momen tro luc bat dau tac dung

Ka = 1;

t0 = 0.5; % [s] Thoi gian tré

% Khai bdo cac tham sé

%THONG SO HINH HOC CUA HTL

14= 0.702;

15=0.377; %m chieu dai don thanh noi ben hinh thang lai
16=0.154; %m chieu dai don ben hinh thang lai

17=15;

18=16;

19=0.0395;

110=19;

h=0.175; %m khoang cach truc thuoc lai va don ngang
m=1.521; %m khoang cach tam tru dung

Lcs=3.05; %m chieu dai co so xe

L= Lcs;

phi60=77.5; %[Do] Goc ban dau don quay ben
phi80=phi60; %[Do] Goc ban dau don quay ben

phi50 = 0.0654323963; %[Rad] Goc ban dau thanh day ben
phi7@ = phi50; %[Rad] Goc ban dau thanh day ben
rp=0.0105; %m ban kinh truc rang

r=rp;

rw = 0.353; %m ban kinh banh xe
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gc = 3.5*%pi/180; %rad goc caster (0-3) do

gp = 8*pi/180; %rad goc kingpin (©-8) do

1w=0.0395; %m do dai ngong truc banh xe dan huong

lwl= 1w*0.9; %m toa do trong tam thanh 8 so voi tam quay

%b=0.14*rw; %m lech sau cua phan luc ngang

rss = 0.16; %m ban kinh vanh tay lai

pa = 0.35; %Mpa ap suat lop;

is = 20.42; % Ti so truyen he thong lai;

iss = is; % Ti so truyen he thong lai;

itl = 1; % He so tro luc

nss = 0.7; %% Hieu suat he thong lai;

nr = 0.14*rw; % m lech sau cua phan luc ngang

nk = rw*tan(gc); % [m] Lech sau cua tru dung tren mat duong

ns = (nr+nk)*cos(gc); % [m] cah tay don tong cong cua mo men can do luc ngang
Kalf = 61000; % [N/rad] Do cung ngang cua truoc

Kalr = 61000; % [N/rad] Do cung ngang cua sau

Kss = 12500; %Kc*K3*K4*rp~2/(K3*K4*rp”2 + Kc*K4*rp”2 + Kc*K3); % [Nm/rad] Do cung
tong cua truc lai + banh rang + thanh rang

rs = lw-rw*tan(gp); % [m] canh tay don cua truc kingpin do goc kingpin

%KHOI LUONG XE

%Khoi lugng dugc treo

Ms = 1650; %kg Khoi luong dugc treo cua xe

xfs = 1.400; %m K/c tu trong tam khéi lugng dugc treo den tam cau truoc

xrs= Lcs-xfs; %m K/c tu trong tam kh6éi lugng dugc treo den tam cau sau

Mfs = Ms*xfs/Lcs; %N Khoi luong toan bo phan bo len cau dan huong day tai 1000kg
(khong tai 87@kg)

Mrs = Ms - Mfs; %N Khoi luong toan bo phan bo len cau sau day tai 1170kg (khong tai
685kg)

%Khoéi lugng khéng dugc treo

Mfus = 95.6; %kg Khoi luong khéng dugc treo cau trudc

Mrus = 93; %kg Khoi luong khong dugc treo cau sau

Mus = Mfus + Mrus; %kg Khoi luong khdéng dugc treo

%Khoéi lugng toan b

Mf = Mfus+Mfs; %kg Khoi luong cau trudc

Mr = Mrus+Mrs; %kg Khoi luong cau sau

M = Ms +Mf; %kg Khoi luong toan bd cua xe
xf = Mr/M*Lcs;

xr = Lcs-xf;

% %

%TOA DO TRONG TAM XE

%Khong tai

Gf = (Mfs+Mfus)*g/2; %N tai trong tinh phan bo len 1 banh xe dan huong
Gr (Mrs+Mrus)*g/2; %N tai trong tinh phan bo len 1 banh xe cau sau

yf=1.6/2; %m K/c tu trong tam o to den tam vet banh xe ben trai
yr=1.6/2; %m K/c tu trong tam o to den tam vet banh xe ben phai
Jz=3234.0; Z%M*xf*yf; %kgm2 Mo men quan tinh khoi cua toan xe

= 2.9477; %Giad tri KT DUNG CHO CHUYEN PE LY THUYET (SU DUNG TRUOGNG HQP MIX)
% a = -0.5;

00; 3.00; 4.00; 5.00; 6.00];

%%% SU DUNG TRUONG HOP MIX

%%% Hé s6 khi V<=100 km/h

b = 0.2675;
C = 2.7646;
n = 4.5357;
k = 0.4442;

%%% Hé s6 dé tinh khi V=0 km/h
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bl = 0.2061;
cl = 3.1114;
nl = 5.9132;
k1 = 1.2078;
%%% Hé s6 khi V>=150 km/h
b2 = 0.2675;
c2 = 2.7646;
n2 = 4.5357;
k2 = 0.4442;
% b = 0.06;

% c = 2.7646;
% n = 4.5357;
% k = 0.4442;

Gid tri ham t6i mé men mong mudn
v = [160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6; 160/3.6];
Td = [3.201+a; 3.399+a; 3.586+a; 3.781+a; 3.979+a; 4.190+a];

3% 3% R 3« 3% 3 ¥ X

ay = [1.00; 2.00; 3.00; 4.00; 5.00; 6.00];

b = 0.2796;

Cc = 3.2489;

n = 5.2249;

k = 0.8389;
% e0 = 5.0000;
% el = -0.0607;
% €2 = 0.0003;
% €3 = 0.0000;
f0 = 6.0527;
fl = -0.0606;
f2 = 0.0003;
f3 = 0.0000;
% %% EPSI
Td_min =1;
Td_max = 4.8;
Td_1 = 3.5;

ed = fo*(Td_1-Td_min)/(Td_max-Td_min); %% Lay gia tri Tamax bé
el = -0.0607;
e2 = 0.0003;
e3 = -0.0000;

% €0 = 5.0000; %% Lay gia tri Tamax 1ldn
% el = -0.0607;
% e2 = 0.0003;
% e3 = -0.0000;

% Hé s6 nhay to6c do tai V = 0

% Kvo = 2.5; %% DUNG CHO DOAN MIX LINEAR AND NONLINEAR V <=100 KM/H
Kvo2 = 2.5; %% DUNG CHO DOAN LINEAR 100 <V < 150 KM/H

Tmax = 6;

Tmin = -Tmax; %0; %

min = 5000; % PO min cua do thi

% Gia tri cua v
%Vin = [0; 5/3.6; 10/3.6; 20/3.6; 40/3.6; 60/3.6; 80/3.6; 100/3.6; 120/3.6; 140/3.6;
160/3.6; 180/3.6; 200/3.6]; %[180/3.6]; %
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% Vin = [@; 5/3.6; 10/3.6; 20/3.6; 30/3.6; 60/3.6; 90/3.6; 120/3.6; 150/3.6; 180/3.6;
200/3.6]; %[180/3.6]; %

Vin = [@; 10/3.6; 50/3.6; 100/3.6; 150/3.6; 200/3.6]; % ]; %; 10/3.6; 20/3.6; 60/3.6;
100/3.6; 140/3.6; 180/3.6; 200/3.6

% Gia tri cda Td

%Td = linspace(-6, 6, 100); % Tao 100 gid tri tir -6 dén 6
syms t

t = linspace(Tmin, Tmax, 1000); % Tao 1000 gia tri tir -10 dén 10
Td = t; % Tmax*sin(2*pi*t/Tmax); %

% figure;

% plot(t, Td, 'DisplayName', ['T_d', ' [Nm]']);

% xlabel('Time [s]'); grid on;

% ylabel('T_d [Nm]'); grid on;

% title('T_d characteristic curve with time');

% legend show;

% hold on;

%

% Khdi tao mang dé luu k&t qua

Tas = zeros(length(Vin), length(Td));

T_sigma = zeros(length(Vin), length(Td));

fd = zeros(length(Vin), length(Td));

% Tinh toan cac gia tri

for i = 1:1length(Vin)

% Kv = calculate_Kv(Kvo, Vin(i)); % Tinh toan Kv

% Kvl = calculate_Kvi(Kvol, Vin(i)); % Tinh toan Kv

Kv = calculate Kv(e@, el, e2, e3, Vin(i));

Kvl = calculate_Kvi(fe, fi1, f2, 3, Vin(i));

Kv2 = calculate_Kv2(Kvo2, Vin(i));

KT = (M*xr*ns) / (is * Lcs);

[Kalff, B, vdpsi] = calculate_parameters(Kalf, ns, Kss, is, Lcs, Ms, Kalr, xrs, xfs,
vin(i));

[Kde, Kd] = calculate_Kd(b, c, vin(i), k, b2, c2, k2);

Kdl = calculate_Kdi(bl, c1, Vin(i), k1);

for j = 1l:length(Td)

% Kd = calculate Kd(b, c, Vvin(i), k);

Tas(i, j) = calculate_Tas(Ms, xrs, ns, is, Lcs, Kd, Kdil, Kdo, Td(j), n, Kv, Kvl, Kv2,
Vin(i));

T_sigma(i, j) = Tas(i, j) + Td(J);

ay(i,j) = T_sigma(i, j)/KT;

fd(i,j) = T_sigma(i, j)*B;

end

end

%%I. PO THI Ta, Tsum, Td
% 1. V& do thi cho T_sigma theo time

figure;

hold on;

plot(t, Td,'LineWidth', 1.5, 'DisplayName', ['T_d ', '[Nm]']);

for i = 1:1length(Vin)

plot(t, T_sigma(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ', num2str(Vin(i)*3.6)]);
lgd = legend('FontSize', 12); grid on; % Ké 1ludi cho bidu dd

end

hold off;

xlabel('Time [s]', 'FontSize', 16); grid on;

ylabel('T_X [Nm]','FontSize', 16); grid on;

title('Characteristic curve T_3-Time (v_i [km/h])', 'FontSize', 16);
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legend show;

% Tuy chinh c@ cht cho cédc truc toa do

ax = gca; % Lay truc hién tai
ax.XAxis.FontSize = 16; % C& chlr cho truc x
ax.YAxis.FontSize = 16; % CO chit cho truc y

%2. V& d6 thi cho T_a theo time

figure;

hold on;

plot(t, Td,'LineWidth', 1.5, 'DisplayName', ['T_d ', '[Nm]']);

for i = 1:length(Vin)

plot(t, Tas(i, :),'LineWidth', 1.5, 'LineWidth', 1.5, 'DisplayName', ['v = ',
num2str(Vin(i)*3.6)]);

lgd = legend('FontSize', 12); grid on; % Ké ludi cho biéu dd

end

hold off;

xlabel('Time [s]', 'FontSize', 16); grid on;

ylabel('T_a [Nm]','FontSize', 16); grid on;

title('Characteristic curve T_a-Time (v_i [km/h])', 'FontSize', 16);
legend show;

% Tuy chinh c@ ch* cho cac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % CO chit cho truc y

%%II. DO THI HAM TRUYEN

%3. Vé do thi cho ay theo Tsum

figure;

hold on;

for i = 1:1length(Vin)

plot(T_sigma(i, :), ay(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ',
num2str(Vin(i)*3.6)]);

lgd = legend('FontSize', 12); grid on; % Ké ludi cho biéu dd

end

hold off;

xlabel('T_X [Nm]','FontSize', 16); grid on;

ylabel('a_y [m/s”2]','FontSize', 16); grid on;
title('Characteristic curve: a_y-T_\Sigma (v_i [km/h])', 'FontSize', 16);
legend show;

% Tuy chinh c@ ch*r cho cac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % CO chit cho truc y

%4. V& do thi cho ay theo fd

figure;

hold on;

for i = 1:length(Vin)

plot(fd(i, :), ay(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ',
num2str(Vin(i)*3.6)]);

lgd = legend('FontSize', 12); grid on; % Ké ludi cho biéu dd

end

hold off;

xlabel('$\varphi_d$ [Rad]', 'Interpreter', 'latex', 'FontSize', 16); grid on;
ylabel('a_y [m/s”2]', 'FontSize', 16); grid on;

title('$Characteristic curve: a_y - \varphi_d (v_i [km/h])$', 'Interpreter’,
‘latex', 'FontSize', 16);

legend show;

% Tuy chinh c@ cht cho cédc truc toa do

ax = gca; % Lay truc hién tai

92



axXx.XAxis.FontSize
ax.YAxis.FontSize

16; % CO chir cho truc x
16; % C& chir cho truc y

%5. V& do6 thi cho fd theo Tsum

figure;

hold on;

for i = 1:length(Vin)

plot(T_sigma(i, :), fd(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ',
num2str(Vin(i)*3.6)]);

lgd = legend('FontSize', 12); grid on; % Ké 1ludi cho bidu dd

end

hold off;

xlabel('T_X [Nm]','FontSize', 16); grid on;

ylabel('$\varphi_d$ [Rad]', 'Interpreter', 'latex', 'FontSize', 16); grid on;
title('$Characteristic curve: \varphi_d - T_\Sigma (v_i [km/h])$', 'Interpreter’,
‘latex', 'FontSize', 16);

legend show;

% Tuy chinh c@ ch* cho cac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % CO chit cho truc y

%6. V& do thi cho fd theo Td

figure;

hold on;

for i = 1:length(Vin)

plot(Td, fd(i, :), 'LineWidth', 1.5, 'DisplayName', ['v = ', num2str(Vin(i)*3.6)]);
lgd = legend('FontSize', 12); grid on; % Ké 1ludi cho biéu dd

lgd = legend('FontSize', 12); grid on; % Ké ludi cho biéu dd

end

hold off;

xlabel('T_d [Nm]','FontSize', 16); grid on;

ylabel('$\varphi_d$ [Rad]', 'Interpreter', 'latex','FontSize', 16); grid on;
title('Characteristic curve: $\varphi_d - T_d (v_i [km/h])$', 'Interpreter’,
‘latex', 'FontSize', 16);

legend show;

% Tuy chinh c@ ch*r cho cac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % CO chit cho truc y

%7. V& do6 thi cho ay theo Td

figure;

hold on;

for i = 1:length(Vin)

plot(Td, ay(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ', num2str(Vin(i)*3.6)]);
lgd = legend('FontSize', 12); grid on; % Ké 1ludi cho biéu dd

end

hold off;

xlabel('T_d [Nm]','FontSize', 16); grid on;

ylabel('a_y [m/s~2]', 'FontSize', 16); grid on;
title('Characteristic curve: a_y-T_d (v_i [km/h])', 'FontSize', 16);
legend show;

% Tuy chinh c& chir cho cac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % C& chir cho truc y

%8. V& do6 thi cho Tsum - theo Td

figure;

hold on;

for i = 1:1length(Vin)
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plot(Td, T_sigma(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ',
num2str(Vin(i)*3.6)]);

lgd = legend('FontSize', 12); grid on; % Ké ludi cho biéu dd
end

hold off;

xlabel('T_d [Nm]','FontSize', 16); grid on;

ylabel('T_X [Nm]','FontSize', 16); grid on;
title('Characteristic curve: T_3-T_d (v_i [km/h])', 'FontSize', 16);
legend show;

% Tuy chinh c@ ch*r cho cac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % CO chit cho truc y

%9. V& do thi cho Ta - theo Td

figure;

hold on;

for i = 1:1length(Vin)

plot(Td, Tas(i, :),'LineWidth', 1.5, 'DisplayName', ['v = ', num2str(Vin(i)*3.6)]);
Y= mmmmm - Lam min

% y(i,:) = Tas(di,:);

% x_interp = linspace(Tmin, Tmax, 200000); % Tao 100 diém gilta min va max cla x
% y_interp = interpl(x, y(i,:), x_interp, 'spline');

% plot(x_interp, y_interp, 'b-', 'LineWidth', 2); % budng cong xanh
Y= mmmmmm - end Lam min

lgd = legend('FontSize', 12); grid on; % Ké ludi cho biéu dd

end

hold off;

xlabel('T_d [Nm]','FontSize', 16); grid on;

ylabel('T_a [Nm]','FontSize', 16); grid on;

title(' Curve: T_a-T_d (v_i [km/h])', 'FontSize', 16);

legend show;

% Tuy chinh c@ chr cho céac truc toa do

ax = gca; % Lay truc hién tai

ax.XAxis.FontSize = 16; % C& chlr cho truc x

ax.YAxis.FontSize = 16; % CO chit cho truc y

end

%======================================TINH Kd

function [Kd@, Kd] = calculate_Kd(b, c, v, k, b2, c2, k2)
Kdo = b2 / (1 + c2 * v~rk2);

Kd =b / (1 + c * v*k);

end

function Kdl = calculate_Kdi(bl, c1, v, k1)
Kdl = bl / (1 + c1 * v~kl);
end

function Kv = calculate_Kv(e@, el, e2, e3, v)
Kv = (e@ + el*v + e2*(v~2)+ e3*(v"3));
end

function Kvl = calculate_Kvi(fe, f1, f2, f3, v)
Kvl = (f@ + fl*v + f2*(v"2)+ f3*(v"3));
end
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function Kv2 = calculate Kv2(Kvo2, v) %% DUNG CHO DPOAN LINEAR 100 <V < 150 KM/H
Kv2 = (Kvo2*(110/3.6)/v - 0.0606*v + 0.0003*(v"2));
end

%oo%%zz==================================== TiNH Ta

% function [Tas] = calculate_Tas(M, xr, ns, is, Lcs, Kd, Kdi, Kdo, Td, n, Kv, Kvi,
Kv2, Vin)

% Tdmin =1;

% Tdmax = 4.8;

% Tdrgq = 3.5;

% KT = (M*xr*ns) / (is * Lcs);

% % Tasl = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - 0);

% Tas = Kv1*(Td-Tdmin*sign(Td));

% Tasmax = (Kv1*(Tdmax-Tdmin));

% 1i=0; %% i= [0, 1]

%

% %%% 1. NONLINEAR

%%%6%6% PP2

% % % %
% % % %

(] (] (] (]

0, 0, 0, 0,
(] (] (] (]

% % % % % if (Vin <= 200/3.6)

% % % % % if (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))”(n-1) - i)*(Td-
Tdmin*sign(Td)) <= @)

%% %%%%% Tas = 0;

% % %% %% % elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-1) - i)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - i)*(Td-
Tdmin*sign(Td)) <= (Kv*(Tdmax-Tdmin)))

% % %% %% % Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))"~(n-1) - i)*(Td-
Tdmin*sign(Td));

% %% % %% % elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-1) - i)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - i)*(Td-
Tdmin*sign(Td)) > (Kv*(Tdmax-Tdmin)))

% % %% %% % Tas = (Kv*¥(Tdmax-Tdmin));

% % %% %% % elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - i)*(Td-
Tdmin*sign(Td)) >= 0)

%% %% %% % Tas = 0;

% % % %% %% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - i)*(Td-
Tdmin*sign(Td)) < @) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-1) - i)*(Td-
Tdmin*sign(Td)) >= (-Kv*(Tdmax-Tdmin)))

% % %% %% % Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))"~(n-1) - i)*(Td-
Tdmin*sign(Td));

% % % % % %% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - i)*(Td-
Tdmin*sign(Td)) < @) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-1) - i)*(Td-
Tdmin*sign(Td)) <= (-Kv*(Tdmax-Tdmin)))

if abs(Td) < Tdmin
Tas = 0;
elseif (abs(Td) >= Tdmin)

3% 3% 3% ¥ ¥ R
3% 3% 3% ¥ ¥ R
3% 3% 3% ¥ ¥ R

% % % % % %% Tas = (-Kv*¥(Tdmax-Tdmin));

% % %% %% % end

% %% % KB K %

% %% % KB K %

% %% %% %% elseif (Vin > 200/3.6)

% % %% %% % if (abs(Td)<=Tdrq)

%% %% %% % Tas = 0;

% % %% %% % elseif (abs(Td)>Tdrq) && (abs(Kvi*(Td-Tdrg*sign(Td))) <= (Kv*(Tdmax-
Tdmin)))

% % % % % %% Tas = Kv1*(Td-Tdrq*sign(Td));

%% % %% %% elseif (abs(Td)>Tdrq) && (Kvi*(Td-Tdrg*sign(Td)) > (Kv*(Tdmax-Tdmin)))
% % %% %% % Tas = (Kv*¥(Tdmax-Tdmin));
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% % % %% %% elseif (abs(Td)>Tdrq) && (Kvi*(Td-Tdmin*sign(Td)) < -(Kv*(Tdmax-Tdmin)))
% % %% %% % Tas = (-Kv*¥(Tdmax-Tdmin));

% % %% %% % end

% % % % %% % end

% % % % %% % end

%%% EXPERIMENT

% if abs(Td) < Tdmin

% Tas = 0;

% elseif (abs(Td) >= Tdmin)

%

% if (Vin <= 200/3.6)

% if (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"~(n-i) - i)*(Td-Tdmin*sign(Td))
<= 0)

% Tas = 0;

% elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) <= (Kv1*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) > (Kv1*(Tdmax-Tdmin)))

% Tas = (Kv1*(Tdmax-Tdmin));

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) >= 0)

% Tas = 0;

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td))
< @) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td)) >= (-
Kv1*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td));

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td))
< @) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td)) <= (-
Kv1*(Tdmax-Tdmin)))

% Tas = (-Kv1*(Tdmax-Tdmin));

% end

%

%

% elseif (Vin > 200/3.6)

% if (abs(Td)<=Tdrq)

% Tas = 0;

% elseif (abs(Td)>Tdrq) && (abs(Kv*(Td-Tdrg*sign(Td))) <= (Kv1*(Tdmax-Tdmin)))

% Tas = Kv*(Td-Tdrg*sign(Td));

% elseif (abs(Td)>Tdrq) && (Kv*(Td-Tdrqg*sign(Td)) > (Kv1*(Tdmax-Tdmin)))

% Tas = (Kv1*(Tdmax-Tdmin));

% elseif (abs(Td)>Tdrq) && (Kv*(Td-Tdmin*sign(Td)) < -(Kv1*(Tdmax-Tdmin)))

% Tas = (-Kv1*(Tdmax-Tdmin));

end

end

end

end

>

3% 3% 3¢ ® X

R

%% 2. BREAK-LINEAR

if abs(Td) < Tdmin

Tas = 0;

elseif (abs(Td) >= Tdmin)

if (abs(Kv1*(Td-Tdrg*sign(Td)) + Kv*(Td-Tdmin*sign(Td))) >= Tasmax)
Tas = Kv1*(Tdmax-Tdmin)*sign(Td);

elseif (Td>=0) && (abs(Td)<=Tdrq) && (Kv >0)

Tas = Kv*(Td-Tdmin*sign(Td));

elseif (Td>=0) && (abs(Td)>=Tdrq) && (Kv >0)

3% 3% 3R R 3/ % ® X
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% Tas = Kv1*(Td-Tdrg*sign(Td)) + Kv*(Td-Tdmin*sign(Td));

% elseif (Td<=0) && (abs(Td)<=Tdrq) && (Kv >0)

% Tas = Kv*(Td-Tdmin*sign(Td));

% elseif (Td<=0) && (abs(Td)>=Tdrq) && (Kv >0)

% Tas = Kv1*(Td-Tdrg*sign(Td)) + Kv*(Td-Tdmin*sign(Td));
5 end

5 end

% end

%%% 3. LINEAR

if abs(Td) < Tdmin

Tas = 0;

elseif (abs(Td) >= Tdmin)

if (abs(Kv*(Td-Tdmin*sign(Td))) >= (Kv*(Tdmax-Tdmin)))
Tas = Kv*(Tdmax-Tdmin)*sign(Td);
elseif (Td>=0) && (Kv >0)

Tas = Kv*(Td-Tdmin*sign(Td));
elseif (Td<=0) && (Kv >0)

Tas = Kv*¥(Td-Tdmin*sign(Td));
end

end

3% 32 3R 3% 3% 3R 3% 3R 2R 3 ¥ ¥ X

end

% end
%%% 4. MIX-LINEAR-NONLINEAR

%%% 4.1. TINH TRUONG HOP CASE 1 (PHONG CACH LAI THOAI MAI)

% function [Tas]
Kv2, Vin)

% Tdmin =1;

% Tdmax = 4.8;

% Tdrq = 2;

% KT = (M*xr*ns) / (is * Lcs);

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - 0);

[
(]

[
(]

% if abs(Td) < Tdmin

% Tas = 0;

% elseif (abs(Td) >= Tdmin)

% if (abs((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - 0)*sign(Td)) >= (Kv*(Tdmax-
Tdmin)))

% Tas = Kv*(Tdmax-Tdmin)*sign(Td);

% % elseif (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - @ >= (Kv1*(Tdmax-Tdmin)))
% elseif (Td>=0) && ((Kv1l *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-08) - @)*sign(Td) > 0) && (Kvl >0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && ((Kv1l *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-0) - @)*sign(Td) <= @)

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - 0);

% elseif (Td<=0) && ((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-0) - @)*sign(Td) < @) && (Kvl >0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td<=0) && ((Kv1l *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-8) - @)*sign(Td) >= 0)

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - @)*sign(Td);

% end

% end

calculate_Tas(M, xr, ns, is, Lcs, Kd, Kdi, Kdo, Td, n, Kv, Kvi,
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Tas_limit = Kv * (Tdmax - Tdmin) * sign(Td);

% % Xac dinh cac diém Td va Tas mau dé ndi suy spline

% Td_sample = linspace(Tdmin * sign(Td), Tdmax * sign(Td), 1000);
Tas_sample = arrayfun(@(Td) Tas, Td_sample);

% % Noi suy spline bam sat dir liéu mau
spline_func = spline(Td_sample, Tas_sample);

%

%

%

%

%

%

%

%

% % Ap dung spline cho cac gia tri Tas trong viung gidi han
% if abs(Td) < Tdmin
% Tas = 0;

% elseif abs(Td) >= Tdmin

% if abs(Tas * sign(Td)) >= abs(Tas_limit)

% Tas = Tas_limit;

% else

% % Ap dung spline néu trong khoang Tas <= Tas_limit
% if abs(Tas) <= abs(Tas_limit)

% Tas = ppval(spline_func, Td);

% else

% Tas = Tas;

% end

% end

% end

ISl = = = === === m e KET THUC CASE 1 ’
%%% 4.2. TINH TRUONG HOP CASE 2 (PHONG CACH LAI THE THAO)

% function [Tas] = calculate_Tas(M, xr, ns, is, Lcs, Kd, Kdi, Kde, Td, n, Kv, Kvi,
Kv2, Vin)

% Tdmin =1;

% Tdmax = 4.8;

% Tdrq = 3.0;

% KT = (M*xr*ns) / (is * Lcs);

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1) * (Td-Tdmin*sign(Td));
%

% if abs(Td) < Tdmin

% Tas = 0;

% elseif (abs(Td) >= Tdmin)

[
(]

% if (Vin <= 200/3.6)

% if (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))”~(n-1) - 1)*(Td-Tdmin*sign(Td))
<= 0)

% Tas = 0;

% elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-
Tdmin*sign(Td)) <= (Kv*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-1) - 1)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-
Tdmin*sign(Td)) > (Kv*(Tdmax-Tdmin)))

% Tas = (Kv*(Tdmax-Tdmin));

%

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))”~(n-1) - 1)*(Td-
Tdmin*sign(Td)) >= @)

% Tas = 0;

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td)) >= (-
Kv*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td));
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% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td)) <= (-
Kv*(Tdmax-Tdmin)))

% Tas = (-Kv*(Tdmax-Tdmin));

% end

[
(]

[
(]

% elseif (Vin > 200/3.6)

% if (abs(Td)<=Tdrq)

% Tas = 0;

% elseif (abs(Td)>Tdrqg) && (abs(Kv1i*(Td-Tdrg*sign(Td))) <= (Kv*(Tdmax-Tdmin)))
% Tas = Kv1*(Td-Tdrqg*sign(Td));

% elseif (abs(Td)>Tdrq) && (Kv1*(Td-Tdrg*sign(Td)) > (Kv*(Tdmax-Tdmin)))

% Tas = (Kv*(Tdmax-Tdmin));

% elseif (abs(Td)>Tdrq) && (Kv1*(Td-Tdmin*sign(Td)) < -(Kv*(Tdmax-Tdmin)))

% Tas = (-Kv*(Tdmax-Tdmin));

% end

% end

% end

%

% end

B8990 = = = = = === === == m e KET THUC CASE 2

%%% 4.3. TINH TRUONG HOP CASE 3 (PHONG CACH LAI HON HOP)

% function [Tas] = calculate_Tas(M, xr, ns, is, Lcs, Kd, Kdi, Kde, Td, n, Kv, Kvi,
Kv2, Vin)

% Tdmin =1;

% Tdmax = 4.8;

% Tdrq = 2;

% KT = (M*xr*ns) / (is * Lcs);

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1) * (Td-Tdmin*sign(Td));
%

% if (Vin > 200/3.6)

% if (abs((KT * Kd1 * abs(Td)~(n-1) - 1)*(Td)) <= (2.5)) && (abs(Td)<3)

% Tas = (KT * Kd1 * abs(Td)*~(n-1) - 1)*(Td);

% elseif ((KT * Kd1l * abs(Td)~(n-1) - 1)*(Td) > (2.5)) || (Td <-3)

% Tas = 2.5;

% elseif ((KT * Kd1l * abs(Td)~(n-1) - 1)*(Td) < -2.5) || (Td>3)

% Tas = -2.5;

% end
% elseif abs(Td) < Tdmin
% Tas = 0;

% elseif (abs(Td) >= Tdmin)

%

% if (Vin <= 20/3.6)

% if (abs((KT * Kd * abs((Td-Tdmin*sign(Td)))”~(n-0) - @)*(Td-Tdmin*sign(Td))) >=
(Kv*(Tdmax-Tdmin)))

% Tas = Kv*(Tdmax-Tdmin)*sign(Td);

% elseif (Td>=0) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-0) - @)*(Td-Tdmin*sign(Td))) >= @) && (Kvl >0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-0) - 0)*(Td-Tdmin*sign(Td))) < ©) && (abs((KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-0) - @)*(Td-Tdmin*sign(Td))) <= (Kv*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - @)*(Td-Tdmin*sign(Td));

% elseif (Td<@) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-08) - @)*(Td-Tdmin*sign(Td))) < ©) && (Kvl >0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td<@) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-0) - @)*(Td-Tdmin*sign(Td))) > ©)

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - 0©)*(Td-Tdmin*sign(Td));
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% end

%

% elseif (Vin > 20/3.6) && (Vin <= 100/3.6)

% if (abs((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))) >=
(Kv*(Tdmax-Tdmin)))

% Tas = Kv*(Tdmax-Tdmin)*sign(Td);

% elseif (Td>=0) && ((abs(Td-Tdmin*sign(Td))~(n-1) - 1) <= 0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))) >= @) && (Kvl >0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))) < ©) && (abs((KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))) <= (Kv*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td));

%

% elseif (Td<@) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))) < @) && (Kvl >0)

% Tas = Kv1*(Td-Tdmin*sign(Td));

% elseif (Td<@) && (((Kvl *(Td-Tdmin*sign(Td)))-(KT * Kd * abs((Td-
Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td))) > @)

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1)*(Td-Tdmin*sign(Td));

% end

%

% elseif (Vin > 100/3.6) && (Vin <= 200/3.6)

if (abs(Td)<=Tdrq)

Tas = 0;

elseif (abs(Td)>Tdrq) && (abs(Kv2*(Td-Tdrg*sign(Td))) <= 2.5) %(Kvl*(Tdmax-Tdmin)))
Tas = Kv2*(Td-Tdrq*sign(Td));

elseif (abs(Td)>Tdrq) && (Kv2*(Td-Tdrg*sign(Td)) > 2.5) %(Kvi*(Tdmax-Tdmin)))
Tas = 2.5; %(Kv1l*(Tdmax-Tdmin));

elseif (abs(Td)>Tdrq) && (Kv2*(Td-Tdmin*sign(Td)) < -2.5) %-(Kv1*(Tdmax-Tdmin)))
Tas = -2.5; %(-Kv1*(Tdmax-Tdmin));

end

end

end
end

3% 3% 3R 3% 3% 3R 3% 3% 3R 3 R 3« ¥ R

A% 7% A KET THUC CASE 3

%% NONLINEAR - TYPES )
%%%TINH TRUONG HOP CASE 1 (PHONG CACH LAI THOAI MAI); CASE 2 (PHONG CACH LAI THE THAO)

% function [Tas] = calculate_Tas(M, xr, ns, is, L, Kd, Kdil, Kdo, Td, n, Kv, Kvl, Kv2,
Vin)

% Tdmin =1;

% Tdmax = 4.8;

% Tdrgq = 3.5;

% KT = (M*xr*ns) / (is * L);

% Tasl = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-0) - 0);

Tas = Kv*(Td-Tdmin*sign(Td));

Tasmax = (Kv1*(Tdmax-Tdmin));

i=1; %% i = [0, 1] if abs(Td) < Tdmin CASE 1: i=0 & CASE 2: i=1
Tas = 0;

if abs(Td) < Tdmin

Tas = 0;

elseif (abs(Td) >= Tdmin)

o

3R 3R X R W X X XN

if (Vin <= 200/3.6)
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% if (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"~(n-i) - i)*(Td-Tdmin*sign(Td))
<= 0)

% Tas = 0;

% elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-i) - i)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) <= (Kv1*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td));

% elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-
Tdmin*sign(Td)) > (Kv1*(Tdmax-Tdmin)))

% Tas = (Kv1*(Tdmax-Tdmin));

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-i) - i)*(Td-
Tdmin*sign(Td)) >= 0)

% Tas = 0;

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td)) >= (-
Kv1*(Tdmax-Tdmin)))

% Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td));

% elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - i)*(Td-Tdmin*sign(Td)) <= (-
Kv1*(Tdmax-Tdmin)))

% Tas = (-Kv1*(Tdmax-Tdmin));

% end

%

[
(]

elseif (Vin > 200/3.6)
if (abs(Td)<=Tdrq)
Tas = 0;
elseif (abs(Td)>Tdrq) && (abs(Kv*(Td-Tdrg*sign(Td))) <= (Kv1*(Tdmax-Tdmin)))
Tas = Kv*(Td-Tdrqg*sign(Td));
elseif (abs(Td)>Tdrq) && (Kv*(Td-Tdrqg*sign(Td)) > (Kv1*(Tdmax-Tdmin)))
Tas = (Kv1*(Tdmax-Tdmin));
elseif (abs(Td)>Tdrq) && (Kv*(Td-Tdmin*sign(Td)) < -(Kv1*(Tdmax-Tdmin)))
Tas = (-Kv1*(Tdmax-Tdmin));
end
end
end
end
K S S Y= == === === mmmmmm - KET THUC CASE 1 & CASE 2

OF 32 3% 3R 3% 3R 3% 3% 3R 3 R ¥ ¥ R

%%TINH TRUONG HOP CASE 3 (PHONG CACH LAI HON HOP)

function [Tas] = calculate_Tas(M, xr, ns, is, L, Kd, Kd1l, Kdo, Td, n, Kv, Kvl, Kv2,
Vin)

Tdmin =1;

Tdmax = 4.8;

Tdrq = 3.5;

KT = (M*xr*ns) / (is * L);

Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-1) - 1) * (Td-Tdmin*sign(Td));
i=0;
q=9;
j=1;
k = 1;

)

if (vin > 200/3.6)

if (abs((KT * Kdl * abs(Td)"~(n-1) - 1)*(Td)) <= (Kvl*(Tdmax-Tdmin)))
Tas = (KT * Kd1 * abs(Td)~(n-1) - 1)*(Td);

elseif ((KT * Kdl1 * abs(Td)~(n-1) - 1)*(Td) > (Kv1*(Tdmax-Tdmin)))
Tas = Kv*(Tdmax-Tdmin);

elseif ((KT * Kdl * abs(Td)~(n-1) - 1)*(Td) < -Kv1*(Tdmax-Tdmin))
Tas = -Kv1*(Tdmax-Tdmin);

end
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elseif abs(Td) < Tdmin
Tas = 0;
elseif (abs(Td) >= Tdmin)

if (Vin <= 20/3.6)

if (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td)) <=
0)

Tas = 0;

elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-
Tdmin*sign(Td)) > @) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-
Tdmin*sign(Td)) <= (Kv1*(Tdmax-Tdmin)))

Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td));

elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-
Tdmin*sign(Td)) > 0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-
Tdmin*sign(Td)) > (Kv1*(Tdmax-Tdmin)))

Tas = (Kv1*(Tdmax-Tdmin));

elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-
Tdmin*sign(Td)) >= @)

Tas = 0;

elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td))
< @) & & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td)) >= (-
Kvl*(Tdmax-Tdmin)))

Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td));

elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-i) - q)*(Td-Tdmin*sign(Td)) <= (-
Kvl*(Tdmax-Tdmin)))

Tas = (-Kv1*(Tdmax-Tdmin));

end

elseif (Vin > 20/3.6) && (Vin <= 100/3.6)

if (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-j) - k)*(Td-Tdmin*sign(Td)) <=
9)

Tas = 0;

elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-
Tdmin*sign(Td)) > @) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-
Tdmin*sign(Td)) <= (Kv1*(Tdmax-Tdmin)))

Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))*(n-j) - k)*(Td-Tdmin*sign(Td));

elseif (Td>=0) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-
Tdmin*sign(Td)) > @) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))"(n-j) - k)*(Td-
Tdmin*sign(Td)) > (Kv1*(Tdmax-Tdmin)))

Tas = (Kv1*(Tdmax-Tdmin));

elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-
Tdmin*sign(Td)) >= @)

Tas = 0;

elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-Tdmin*sign(Td)) >= (-
Kvl*(Tdmax-Tdmin)))

Tas = (KT * Kd * abs((Td-Tdmin*sign(Td)))”*(n-j) - k)*(Td-Tdmin*sign(Td));

elseif (Td<@) && ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-Tdmin*sign(Td))
< 0) & ((KT * Kd * abs((Td-Tdmin*sign(Td)))~(n-j) - k)*(Td-Tdmin*sign(Td)) <= (-
Kvl*(Tdmax-Tdmin)))

Tas = (-Kv1*(Tdmax-Tdmin));

end

elseif (Vin > 100/3.6) && (Vin <= 200/3.6)

if (abs(Td)<=Tdrq)

Tas = 0;

elseif (abs(Td)>Tdrq) && (abs(Kv2*(Td-Tdrqgq*sign(Td))) <= (2.5))
Tas = Kv2*(Td-Tdrqg*sign(Td));

elseif (abs(Td)>Tdrq) && (Kv2*(Td-Tdrgq*sign(Td)) > (2.5))

Tas = (2.5);

elseif (abs(Td)>Tdrq) && (Kv2*(Td-Tdmin*sign(Td)) < -(2.5))

102



Tas = (-2.5);

% elseif (abs(Td)>Tdrq) && (abs(Kv2*(Td-Tdrq*sign(Td))) <= (Kv1*(Tdmax-Tdmin)))
% Tas = Kv2*(Td-Tdrqg*sign(Td));

% elseif (abs(Td)>Tdrq) && (Kv2*(Td-Tdrg*sign(Td)) > (Kv1*(Tdmax-Tdmin)))

% Tas = (Kv1*(Tdmax-Tdmin));

% elseif (abs(Td)>Tdrq) && (Kv2*(Td-Tdmin*sign(Td)) < -(Kvl*(Tdmax-Tdmin)))

% Tas = (-Kv1*(Tdmax-Tdmin));

end

end

A% 7% A KET THUC CASE 3

function [Kalff, B, vdpsi] = calculate_parameters(Kalf, ns, Kss, is, Lcs, M, Kalr, xr,
xf, v)

% Tinh K'_{af}

Kalff = Kalf / (1 + (Kalf * ns) / Kss);

% Tinh v_psi

vdpsi = sqrt((Kalff * Kalr * Lcs”2) / (M * (Kalr * xr - Kalff * xf)));

% Tinh phi_d

B = ((is”2 * Lcs”2) / (M * ns*xr)) * ((1 + (v / vdpsi)”2)/v~2); % T_d can dugc dinh
nghia

end

%%%MA CODE TRONG SIMULINK NHU SAU:

5.2. MA CHUONG TRINH THU NGHIEM MO PHONG

5.2.1. Thir nghiém danh gia cam giac lai xir ly trung tam (On-centre handling test)

function CARSIM on_centre_KPI_VS2(matFile, outXlsx)
% KPI on-centre, chi chu ky dau tién sau t >= 20 s. ay & [g].
% Xudt 1 sheet Excel (Group | Metric | Unit | Value) va in theo cét doc.

%% ©) LOAD & TIEN XU LY

if nargin < 1 || isempty(matFile), matFile = 'Carsim_sweeptest V100 T3.21.mat'; end
if nargin < 2 || isempty(outXlsx), outXlsx =
"Carsim_sweeptest V100_T3.21 KPIs_SLOPE.xlsx'; end

S = load(matFile);

Time = S.Timec_data(:);

Td = S.Tdc_data(:); % Nm

fd = S.fdc_data(:); % deg

ay = S.ayc_data(:); % g

yaw = S.dpsic_data(:); % deg/s

% Lay tlr t >= 20 s, loai NaN dong thoi

m = Time >= 20;

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);
m = ~(isnan(Time)|isnan(Td)|isnan(fd)|isnan(ay)|isnan(yaw));

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);
if numel(Time) < 6, error('Khéng du dir 1iéu sau 20 s.'); end

dt = median(diff(Time));
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%% 1) CAT CHU KY PAU (zero-crossing cung chiéu -» fallback 5 s)
[i1,i2] = first_cycle_indices(fd);

if ~isempty(il) && ~isempty(i2) && i2 > il+l

r=1il:i2;

else

T1 = Time(1l); T2 = min(Time(1)+5, Time(end));

r = (Time>=T1) & (Time<=T2);

warning('Auto detect fail - dung clra s6 5 s (%.3f»%.3f s).',T1,T2);
end

Time = Time(r); Td = Td(r); fd = fd(r); ay = ay(r); yaw = yaw(r);

%% 2) THAM SO PHU

bw fd = 0.01*max(abs(fd)); bw_Td = 0.01*max(abs(Td));
bw_ay = 0.01*max(abs(ay)); bw_yaw = 0.01*max(abs(yaw));
mask_fd_pm3 = abs(fd) <= 3;

mask_fd_pm = abs(fd) <= max(abs(fd));

% Phan nhanh theo chiéu danh 1ai (tang/giam SWA)
fd_dot = gradient(fd, Time);

inc = fd_dot >= @; % nhanh di

dec = fd_dot < ©; % nhanh vé

%% 3) TINH KPI
G={}; M={}; U={}; v=[1];

addRow = @(g,m,u,v) local_add_row(g,m,u,v);

% ===== 1) Torque vs SWA =====
[pos_stiff,~] = linfit_OLS(fd, Td, mask_fd pm & (Td>=0));
[neg_stiff,~] = linfit_OLS(fd, Td, mask_fd_pm & (Td<=0));

% (P6i) dung local_slope thay vi mean(gradient(...))
grad_Tdoe_P = local slope(fd,Td, (abs(fd)<=bw_fd)&(Td>=0));
grad_Tdo_N = local_slope(fd,Td, (abs(fd)<=bw_fd)&(Td<=0));

[torque_db_fd@,~,~] = deadband_y at_xe(fd,Td);
area_Td_fd = polyarea([fd;fd(1)],[Td;Td(1)]);

% R2 theo tUng nhanh (Pearson r2)
[~,R2_I_inc] = linfit_Pearson(fd,Td, mask_fd_pm3 & inc);
[~,R2_I_dec] = linfit_Pearson(fd,Td, mask_fd_pm3 & dec);

addRow('I", '"Mean Stiffness (+)','Nm/deg',pos_stiff);
addRow('I', "Mean Stiffness (-)','Nm/deg',neg stiff);
addRow('I', 'Local_slope @SWA=@ (pos)','Nm/deg',grad_Tde P);
addRow('I', 'Local_slope @SWA=@ (neg)', 'Nm/deg',grad_Tde N);
addRow('I", 'Asymmetry ratio (+/-)','-',safe_ratio(pos_stiff,neg stiff));
addRow('I", 'Torque deadband @SWA=@', 'Nm',torque_db_fdo);
addRow('I', "'Loop area (Torque-SWA)', 'Nm-deg',area_Td_fd);
addRow('I', 'Max |Torque|','Nm',max(abs(Td)));
addRow('I', 'Max |SWA|','deg',max(abs(fd)));

addRow('I", 'Linearity R2? (Torque~SWA, inc)','-',R2_I inc);
addRow('I','Linearity R2? (Torque~SWA, dec)','-',R2_I_dec);

% ===== II) Ay vs SWA =====

[ay_ang_db,~,~] = deadband_x_at_yo@(fd,ay);

ay_thr = bw_ay;

[resp_db,~,~]=deadband_y_at_xo(fd,ay);

% x_pos = x_at_y target(fd,ay,+ay_thr);

% X_neg = x_at_y target(fd,ay,-ay_thr);

% resp_db = NaN; if ~isnan(x_pos)&&~isnan(x_neg), resp_db = abs(x_pos-x_neg); end
area_Ay fd = polyarea([fd;fd(1)],[ay;ay(1)]);
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[~,R2_II inc]
[~,R2_II_dec]

linfit_Pearson(fd,ay, mask_fd_pm3 & inc);
linfit_Pearson(fd,ay, mask_fd_pm3 & dec);

addRow('II', 'Response angle deadband @Ay=0', 'deg',ay_ang _db);
addRow('II', 'Lateral acceleration deadband @fd=0','g',resp_db);
addRow('II','Loop area (Ay-SWA)','g-deg',area_Ay_fd);
addRow('II','Linearity R2 (Ay~SWA, inc)','-',R2_II inc);
addRow('II','Linearity R2 (Ay~SWA, dec)','-',R2_II dec);

% ===== III) Torque vs Ay =====
[torque_db_ay@,~,~] = deadband_y at_x@(ay,Td);
[ay_db_Td@,~,~] = deadband_y_at_x0(Td,ay);
area_Td_ay = polyarea([ay;ay(1)],[Td;Td(1)]);

% dSlope 6n dinh @0 & @+0.1 g (hdéi quy + clra s6 thich nghi)
sOp = slope_Td_wrt_ay_at(ay,Td, 0.0,+1);

son = slope_Td_wrt_ay_at(ay,Td, 0.0,-1);

s@lp = slope_Td_wrt_ay at(ay,Td,+0.1,+1);

s@1ln = slope_Td_wrt_ay at(ay,Td,-0.1,-1);

s01 = mean([s@lp s@1n], 'omitnan');

% R% theo nhanh, gidi han |Ay|<0.15 g dé tranh deadband qua phang
centreAy = abs(ay) <= 0.15;

[~,R2_III inc] = linfit_Pearson(ay,Td, centreAy & inc);
[~,R2_III_dec] = linfit_Pearson(ay,Td, centreAy & dec);

addRow('III', 'Torque deadband @Ay=0', 'Nm',torque_db_ay0);
addRow('III', 'Ay deadband @Torque=0','g',ay db Tdo);
addRow( 'III', 'dTorque/dAy @Ay=0 (pos)','Nm/g',s0p);
addRow('III', 'dTorque/dAy @Ay=0 (neg)','Nm/g',son);
addRow('III', 'dTorque/dAy @Ay=+0.1 g (avg)','Nm/g',s0l);
addRow('III', 'Loop area (Torque-Ay)','Nm-g',area_Td_ ay);
addRow( 'III', 'Linearity R2? (Torque~Ay, inc)','-',R2_III inc);
addRow('III', 'Linearity R2 (Torque~Ay, dec)','-',R2_III dec);
addRow('III', 'Peak |Ay|','g',max(abs(ay)));

addRow('III', 'Peak |Torque|','Nm',max(abs(Td)));

% ===== IV) Yaw vs SWA =====

[yaw_ang_db,~,~] = deadband_x_at_y0(fd,yaw);

area_yaw_fd = polyarea([fd;fd(1)], [yaw;yaw(1)]);
[~,R2_IV_inc] = linfit_Pearson(fd,yaw, mask_fd_pm3 & inc);
[~,R2_IV_dec] = linfit_Pearson(fd,yaw, mask_fd pm3 & dec);
lag yaw_fd = time_lag(fd,yaw,dt,1.0);

% (P6i) dung local_slope

addRow('IV','Yaw gain vs SWA (centre)','(deg/s)/deg', local_slope(fd,yaw,
mask_fd_pm3));

addRow('IV', 'Yaw time lag vs SWA','s',lag yaw fd);

addRow('IV', 'Yaw deadband @0', 'deg',yaw_ang_db);

addRow('IV','Loop area (Yaw-SWA)','(deg/s)-deg',area_yaw_fd);
addRow('IV', 'Linearity R2? (Yaw~SWA, inc)','-',R2_IV inc);

addRow('IV', 'Linearity R2? (Yaw~SWA, dec)','-',R2_IV dec);

% ===== V) Yaw vs Torque =====

[yaw T _db,~,~] = deadband_x_at_yo(Td,yaw);
area_yaw_Td = polyarea([Td;Td(1)],[yaw;yaw(1)]);
mask_Td = abs(Td) <= 0.3;

[~,R2_V_inc] = linfit_Pearson(Td,yaw, mask_Td & inc);
[~,R2_V_dec] = linfit_Pearson(Td,yaw, mask_Td & dec);
lag yaw_Td = time_lag(Td,yaw,dt,1.09);

% (P6i) dung local_slope
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addRow('V', 'Yaw gain vs Torque (centre)','(deg/s)/Nm', local_slope(Td,yaw, mask_Td));
addRow('V','Yaw time lag vs Torque','s',lag yaw Td);

addRow('V', '"Yaw deadband vs Torque @@','Nm',yaw _T_db);

addRow('V', 'Loop area (Yaw-Torque)','(deg/s)-Nm',area_yaw_Td);

addRow('V'", 'Linearity R2? (Yaw~Torque, inc)','-',R2_V_inc);

addRow('V', 'Linearity R? (Yaw~Torque, dec)','-',R2_V_dec);

%% 4) GHI EXCEL & IN
T = table(G,M,U,V, 'VariableNames',{ 'Group', "Metric', 'Unit', 'Value'});
writetable(T,outX1lsx, 'Sheet', 'Results’, 'WriteVariableNames',true);

fprintf('=== on-centre KPIs (1 chu ky dau sau t >= 20 s) ===\n');

for i=1:height(T)

fprintf('%-2s | %-52s [%s] : %.6g\n',T.Group{i},T.Metric{i},T.Unit{i},T.Value(i));
end

fprintf('DPa luu: %s (sheet: Results)\n', outXlsx);

%% nested: thém hang

function local_add_row(g,m,u,v)

G{end+1,1}=g; M{end+1,1}=m; U{end+1,1}=u;

if isempty(v) || ~(isnumeric(v)&&isscalar(v)), V(end+1l,1)=NaN; else, V(end+1l,1)=v;
end

end

end

%% ================== HAM PHU TRQ ==================
function [i1,i2]=Ffirst_cycle_indices(fd)

fd=fd(:); z=find(fd(1l:end-1).*fd(2:end)<=0);

if numel(z)<2, il=[]; i2=[]; return; end
s=sign(fd(z+1)-fd(z)); i1=[]; i2=[];

for k=1:numel(z)-1

if s(k)~=0

j=find(s(k+1l:end)==s(k),1, 'first');

if ~isempty(j), il=z(k); i2=z(k+1+j-1); return; end
end

end

end

function [slope,R2]=1linfit_OLS(x,y,mask)

x=x(mask); y=y(mask); if numel(x)<3, slope=NaN; R2=NaN; return; end
p=polyfit(x,y,1); slope=p(1); yf=polyval(p,x);

SSres=sum((y-yf).”~2); SStot=sum((y-mean(y)).”2); R2=1-SSres/max(SStot,eps);
end

function [slope,R2]=1infit_Pearson(x,y,mask)

x=x(mask); y=y(mask); if numel(x)<3, slope=NaN; R2=NaN; return; end
p=polyfit(x,y,1); slope=p(1); C=corrcoef(x,y); R2=C(1,2)"2;

end

% ---- local_slope: udc lugng do doc dac tinh x»y trong mask (OLS + smoothing tuy
chon) ----

function s = local_slope(x,y,mask)

x=x(:); y =y();

if nargin<3 || isempty(mask), mask = true(size(x)); end
x = x(mask); y = y(mask);

if numel(x) < 3, s = NaN; return; end

% Sap x&p theo x dé mugt én dinh theo bién doc 1lap
[xs,idx] = sort(x);

ys = y(idx);

% Smoothing nhe d& gidm nhidu

if exist('sgolayfilt','file') && numel(ys) >= 11

ys = sgolayfilt(ys,3,11);
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elseif numel(ys) >= 5
ys = movmedian(ys,5);
end

p = polyfit(xs,ys,1);
s = p(1);

end

function [db,yl,y2]=deadband_y_at_x0(x,y)

x=x(:); y=y(:); i=find(x(1l:end-1).*x(2:end)<9);

if numel(i)<2, db=NaN; yl=NaN; y2=NaN; return; end
yl=interpl(x(i(1):i(1)+1),y(i(1):i(1)+1),0);
y2=interpl(x(i(2):i(2)+1),y(i(2):i(2)+1),0);
db=abs(y2-y1);

end

function [db,x1,x2]=deadband_x_at_yo(x,y)

x=x(:); y=y(:); i=find(y(1l:end-1).*y(2:end)<0);

if numel(i)<2, db=NaN; x1=NaN; x2=NaN; return; end
x1=interpl(y(i(1):i(1)+1),x(i(1):i(1)+1),0);
x2=interpl(y(i(2):1i(2)+1),x(i(2):i(2)+1),0);
db=abs(x2-x1);

end

function lag s=time_lag(x,y,dt,maxLagsS)

x=x(:)-mean(x); y=y(:)-mean(y);
N=min(round(maxLagS/dt),floor(numel(x)/4)); if N<1, lag _s=NaN; return; end
[c,1]=xcorr(y,x,N, 'coeff'); [~,i]=max(c); lag_s=1(i)*dt;

end

function x_at_y=x_at_y_ target(x,y,yo0)

x=x(:); y=y(:);

i=find((y(1l:end-1)<=y0 & y(2:end)>=y0) | (y(l:end-1)>=y0 & y(2:end)<=y0),1,'first');
if isempty(i), x_at_y=NaN; else, x_at_y=interpl(y(i:i+1),x(i:i+1),y9); end

end

function slope=slope_Td_wrt_ay_at(ay,Td,ay0,branchSign)
A=max(abs(ay)); if A==0, slope=NaN; return; end
bw=0.01*A; bw_max=0.10*A; Nmin=20; spreadMin=0.02; % g
ok=(branchSign>e & Td>=@) | (branchSign<@ & Td<=0);
slope=NaN;

while bw<=bw_max

m=ok & abs(ay-ay@)<=bw; x=ay(m); y=Td(m);

if numel(x)>=Nmin && (max(x)-min(x)>=spreadMin)

if exist('sgolayfilt','file') && numel(y)>=11, y=sgolayfilt(y,3,11); end
p=polyfit(x,y,1); slope=p(1l); return;

end

bw=bw*1.5;

end

end

function r=safe_ratio(a,b)

if ~isfinite(a)||~isfinite(b)||b==0, r=NaN; else, r=abs(a)/abs(b); end
end

%%%===================================

function SIMULINK On_centre_KPI_SIMULINK(matFile, outXlsx)
% KPI on-centre, chi chu ky dau tién sau t >= @ s (Simulink). ay & [g].
% Xudt 1 sheet Excel (Group | Metric | Unit | Value) va in theo cét doc.

%% ©) LOAD & TIEN XU LY
if nargin < 1 || isempty(matFile), matFile
if nargin < 2 || isempty(outXlsx), outXlsx

'"EX_FEEL_Weavetest_10s V100'; end
'Simulink_on_centre_ KPIs.xlsx'; end
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S = load(matFile);

Time = S.Time_data(:);

Td = S.Td_data(:); % Nm

fd = S.fddeg_data(:); % deg

ay = S.afg _data(:); % g

yaw = S.dpsideg _data(:); % deg/s

% Lay tr t >= @ s, loai NaN dong thoi

m = Time >= 5;

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);

m = ~(isnan(Time)|isnan(Td)|isnan(fd)|isnan(ay)|isnan(yaw));

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);

if numel(Time) < 6, error('Khéng du dir 1iéu sau thoi diém bat dau.'); end
dt = median(diff(Time));

%% 1) CAT CHU KY PAU (zero-crossing cung chiéu -» fallback 5 s)
[i1,i2] = first_cycle_indices(fd);

if ~isempty(il) && ~isempty(i2) && i2 > il+l

r=1i1:i2;

else

T1 = Time(1); T2 = min(Time(1)+5, Time(end)); % weave 0.2 Hz ~ 5 s
r = (Time>=T1) & (Time<=T2);

warning('Auto detect fail - dung clra s6 5 s (%.3f»%.3f s).',T1,T2);
end

Time = Time(r); Td = Td(r); fd = fd(r); ay = ay(r); yaw = yaw(r);

% Khir bias yaw trong chu ky dé tranh deadband NaN
yaw = yaw - mean(yaw, '‘omitnan');

%% 2) THAM SO PHU

bw fd = 0.01*max(abs(fd)); bw _Td = 0.01*max(abs(Td));
bw_ay = 0.01*max(abs(ay)); bw_yaw = 0.01*max(abs(yaw));
mask_fd_pm3 = abs(fd) <= 3;

% Phan nhanh theo chiéu danh 14i (tang/gidm SWA), cé lam mugt & ngudng
fd_s = movmedian(fd,5); % mugt nhe SWA

fd_dot = gradient(fd_s, Time);

thr = le-4; % ngudng nhdé dé tranh 1lan

inc = fd_dot >= thr; % nhanh di

dec = fd_dot <= -thr; % nhanh vé

%% 3) TINH KPI
G={}; M={}; U={}; v=[1];

addRow = @(g,m,u,v) local_add_row(g,m,u,v);

% ===== 1) Torque vs SWA =====
[pos_stiff,~] = linfit_OLS(fd, Td, mask_fd _pm3 & (Td>=0));
[neg_stiff,~] = linfit_OLS(fd, Td, mask_fd_pm3 & (Td<=0));

% Mean gradient @SWA=0: OLS trong clra sé *1% (khong dung gradient)
grad_Tdo_P = mean_grad_masked(fd,Td, (abs(fd)<=bw_fd)&(Td>=0));
grad_Tdo_N = mean_grad_masked(fd,Td, (abs(fd)<=bw_fd)&(Td<=0));

[torque_db_fde,~,~] = deadband_y at xo(fd,Td);
area_Td_fd = polyarea([fd;fd(1)],[Td;Td(1)]);

% R2 theo ting nhanh (Pearson r2), bd vung phang |SWA|<1°

centre_exclude = abs(fd) >= 1;

[~,R2_I inc] = linfit_Pearson(fd,Td, mask_fd _pm3 & inc & centre_exclude);
[~,R2_I dec] = linfit_Pearson(fd,Td, mask_fd _pm3 & dec & centre_exclude);
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addRow('I", 'Stiffness (+), |SWA[<3°', 'Nm/deg',pos_stiff);
addRow('I", 'Stiffness (-), |SWA[<3°', 'Nm/deg',neg stiff);
addRow('I"', "Asymmetry ratio (+/-)','-',safe_ratio(pos_stiff,neg_stiff));
addRow('I", '"Mean gradient @SWA=@ (pos)', 'Nm/deg',grad _Tde P);
addRow('I"', '"Mean gradient @SWA=@ (neg)', 'Nm/deg',grad _Tde N);
addRow('I', 'Torque deadband @SWA=0', 'Nm',torque_db_fdo);
addRow('I', "Loop area (Torque-SWA)', 'Nm-deg',area_Td_fd);
addRow('I', 'Max |Torque|','Nm',max(abs(Td)));

addRow('I', 'Max |SWA|','deg',max(abs(fd)));

addRow('I", 'Linearity R2? (Torque~SWA, inc)','-',R2_I inc);
addRow('I',"'Linearity R2? (Torque~SWA, dec)','-',R2_I_dec);

% ===== II) Ay vs SWA =====

[ay_ang_db,~,~] = deadband_x_at_y@(fd,ay);

ay_thr = bw_ay;

x_pos = x_at_y target(fd,ay,+ay_thr);

x_neg = x_at_y target(fd,ay,-ay_thr);

resp_db = NaN; if ~isnan(x_pos)&&~isnan(x_neg), resp_db = abs(x_pos-x_neg);
area_Ay fd = polyarea([fd;fd(1)],[ay;ay(1)]);

[~,R2_II_inc] = linfit_Pearson(fd,ay, mask_fd_pm3 & inc & centre_exclude);
[~,R2_II_dec] = linfit_Pearson(fd,ay, mask_fd_pm3 & dec & centre_exclude);

addRow('II', 'Angle deadband @Ay=@', 'deg',ay ang db);
addRow('II', 'Response angle deadband @+1% Aymax', 'deg',resp_db);
addRow('II','Loop area (Ay-SWA)','g-deg',area_Ay_fd);
addRow('II','Linearity R2 (Ay~SWA, inc)','-',R2_II inc);
addRow('II', 'Linearity R2? (Ay~SWA, dec)','-',R2_II dec);

% ===== III) Torque vs Ay =====
[torque_db_ay@,~,~] = deadband_y at_x@(ay,Td);
[ay_db_Td@,~,~] = deadband_y_at_x0(Td,ay);
area_Td_ay = polyarea([ay;ay(1)],[Td;Td(1)]);

% dSlope én dinh @@ & @+0.1 g (hoi quy + clra s6 thich nghi, phan nhanh theo
sOp = slope_Td_wrt_ay_at(ay,Td, 0.0,+1,Time);

son = slope_Td_wrt_ay_at(ay,Td, 0.0,-1,Time);

s@lp = slope_Td_wrt_ay at(ay,Td,+0.1,+1,Time);

s@1ln = slope_Td_wrt_ay at(ay,Td,-0.1,-1,Time);

s01 = mean([s@lp s@1n], 'omitnan');

% R2 theo nhanh, gidi han |Ay|<0.15 g dé tranh deadband qua phang
centreAy = abs(ay) <= 0.15;

ay_dot = gradient(movmedian(ay,5), Time);

inc_ay = ay_dot >= thr;

dec_ay = ay_dot <= -thr;

[~,R2_III_inc] = 1linfit_Pearson(ay,Td, centreAy & inc_ay);
[~,R2_III dec] = linfit_Pearson(ay,Td, centreAy & dec_ay);

addRow('III', 'Torque deadband @Ay=0', 'Nm',torque_db_ay0);
addRow('III','Ay deadband @Torque=0','g',ay_db_Tde);
addRow( 'III', 'dTorque/dAy @Ay=0 (pos)','Nm/g',sop);
addRow('III', 'dTorque/dAy @Ay=0 (neg)','Nm/g',son);
addRow( 'III', 'dTorque/dAy @Ay=10.1 g (avg)', 'Nm/g',s0l);
addRow('III', 'Loop area (Torque-Ay)','Nm-g',area_Td_ ay);
addRow( 'III', 'Linearity R2? (Torque~Ay, inc)','-',R2_III inc);
addRow( "'III', 'Linearity R2? (Torque~Ay, dec)','-',R2_III dec);
addRow('III', 'Peak |Ay|','g',max(abs(ay)));

addRow('III', 'Peak |Torque|','Nm',max(abs(Td)));

% ===== IV) Yaw vs SWA =====
[yaw_ang _db,~,~] = deadband_x_at_yo@(fd,yaw);
area_yaw_fd = polyarea([fd;fd(1)], [yaw;yaw(1)]);

end

ay_dot)
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[~,R2_IV_inc] = linfit_Pearson(fd,yaw, mask_fd pm3 & inc & centre_exclude);
[~,R2_IV_dec] = linfit_Pearson(fd,yaw, mask_fd_pm3 & dec & centre_exclude);
lag yaw_fd = time_lag(fd,yaw,dt,1.0); % < ham d3 khai bao phia duédi

addRow("'IV', 'Yaw gain vs SWA (centre)','(deg/s)/deg', slope_OLS(fd,yaw, mask_fd pm3));
addRow('IV','Yaw time lag vs SWA','s',lag yaw _fd);

addRow('IV', 'Yaw deadband @0', 'deg',yaw_ang_db);

addRow('IV', 'Loop area (Yaw-SWA)','(deg/s)-deg',area_yaw_fd);

addRow('IV', 'Linearity R2? (Yaw~SWA, inc)','-',R2_IV inc);

addRow('IV', 'Linearity R2? (Yaw~SWA, dec)','-',R2_IV dec);

% ===== V) Yaw vs Torque =====

[yaw_T_db,~,~] = deadband_x_at_y@(Td,yaw);
area_yaw_Td = polyarea([Td;Td(1)],[yaw;yaw(1)]);
mask_Td = abs(Td) <= 0.3;

[~,R2_V_inc] = linfit_Pearson(Td,yaw, mask_Td & inc);
[~,R2_V_dec] = linfit_Pearson(Td,yaw, mask_Td & dec);
lag yaw Td = time_lag(Td,yaw,dt,1.0); % <

addRow('V','Yaw gain vs Torque (centre)','(deg/s)/Nm', slope OLS(Td,yaw, mask_Td));
addRow('V','Yaw time lag vs Torque','s',lag yaw Td);

addRow('V', 'Yaw deadband vs Torque @@', 'Nm',yaw T _db);

addRow('V', 'Loop area (Yaw-Torque)','(deg/s)-Nm',area_yaw_Td);

addRow('V', 'Linearity R2? (Yaw~Torque, inc)','-',R2_V_inc);

addRow('V', 'Linearity R2? (Yaw~Torque, dec)','-',R2_V_dec);

%% 4) GHI EXCEL & IN
T = table(G,M,U,V, 'VariableNames',{ 'Group', "Metric', 'Unit’', 'Value'});
writetable(T,outX1lsx, 'Sheet', 'Results’, 'WriteVariableNames',true);

fprintf('=== on-centre KPIs (1 chu ky dau sau t >= @ s) ===\n");

for i=1:height(T)

fprintf('%-2s | %-52s [%s] : %.6g\n',T.Group{i},T.Metric{i},T.Unit{i},T.Value(i));
end

fprintf('DPa luu: %s (sheet: Results)\n', outXlsx);

%% nested: thém hang

function local_add_row(g,m,u,v)

G{end+1,1}=g; M{end+1,1}=m; U{end+1,1}=u;

if isempty(v) || ~(isnumeric(v)&&isscalar(v)), V(end+1l,1)=NaN; else, V(end+1l,1)=v;
end

end

end

%% ================== HAM PHU TRQ ==================
function [i1,i2]=Ffirst_cycle_indices(fd)

fd=fd(:); z=find(fd(1l:end-1).*fd(2:end)<=0);

if numel(z)<2, il=[]; i2=[]; return; end
s=sign(fd(z+1)-fd(z)); i1=[]; i2=[];

for k=1:numel(z)-1

if s(k)~=0

j=find(s(k+1l:end)==s(k),1, 'first');

if ~isempty(j), il=z(k); i2=z(k+1+j-1); return; end
end

end

end

function [slope,R2]=1linfit_OLS(x,y,mask)

x=x(mask); y=y(mask);

if numel(x)<3, slope=NaN; R2=NaN; return; end

p=polyfit(x,y,1); slope=p(1l); yf=polyval(p,x);

SSres=sum((y-yf).”2); SStot=sum((y-mean(y)).”2); R2=1-SSres/max(SStot,eps);
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end

function [slope,R2]=1linfit_Pearson(x,y,mask)
x=x(mask); y=y(mask);

if numel(x)<3, slope=NaN; R2=NaN; return; end
p=polyfit(x,y,1); slope=p(1);
C=corrcoef(x,y); R2=C(1,2)"2;

end

function s=slope_OLS(x,y,mask)
x=x(mask); y=y(mask); if numel(x)<3, s=NaN; else, s=polyfit(x,y,1); s=s(1); end
end

% ---- ROBUST mean gradient trong cira sé (OLS + sort) ----
function g = mean_grad_masked(x,y,mask)

xw=x(mask); yw=y(mask);

if numel(xw) < 5, g = NaN; return; end

[xs,idx] = sort(xw); ys = yw(idx);

if exist('sgolayfilt','file') && numel(ys) >= 11

ys = sgolayfilt(ys,3,11);

end

p = polyfit(xs,ys,1); g = p(1);

end

% ---- Deadband robust: chdp nhan trung diém, khéng dung interpl ----

function [db,yl,y2] = deadband_y_at_ x0(x, y)

X =x(:);y =y();

if numel(x)<2, db=NaN; yl=NaN; y2=NaN; return; end
eps@ = le-9*max(1l,range(x));

xz = X; xz(abs(xz)<eps@) = 0; % xét dau

s = sign(xz);

cand = find(s(1l:end-1).*s(2:end) <= 9);

vals = [];

for k = 1:numel(cand)

i = cand(k); j = i+1;

if x(i) == x(j) % tranh diém trung

ji =13

while jj <= numel(x) && x(jj) == x(i), jj = jj + 1; end
if jj <= numel(x), j = jj; else

ii = 1i;

while ii >= 1 && x(ii) == x(i), ii = ii - 1; end
if ii >= 1, i = ii; else, continue; end

end

end

if (xz(i)<=0 && xz(j)>=0) || (xz(i)>=0 && xz(j)<=0)

denom = (x(j) - x(i));

if denom ~= @

yo = y(i) + (y(3)-y(i))*(@ - x(i))/denom; % tuyén tinh tay
vals(end+1,1) = y0; %#ok<AGROW>

end

end

if numel(vals) >= 2, break; end

end

if numel(vals) >= 2, yl1 = vals(1l); y2 = vals(2); db = abs(y2 - y1);
else, db = NaN; yl = NaN; y2 = NaN; end

end

function [db,x1,x2] = deadband_x_at_yo(x, y)
x=x(:);y =y(:);

if numel(y)<2, db=NaN; x1=NaN; x2=NaN; return; end
eps@ = le-9*max(1l,range(y));

yz = y; yz(abs(yz)<epsd) = 0;
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s = sign(yz);

cand = find(s(l:end-1).*s(2:end) <= 0);

vals = [];

for k = 1:numel(cand)

i = cand(k); j = i+1;

if y(i) == y(3)

iji =3

while jj <= numel(y) & y(jj) == y(i), jj = jj + 1; end
if jj <= numel(y), j = jj; else

ii = i;

while ii >= 1 && y(ii) == y(i), ii = ii - 1; end

if ii >= 1, i = ii; else, continue; end

end

end

if (yz(i)<=0 && yz(3)>=0) || (yz(i)>=0 && yz(j)<=0)
denom = (y(j) - y(i));

if denom ~= @

x0 = x(i) + (x(3)-x(i))*(e - y(i))/denom;
vals(end+1,1) = x0; %#ok<AGROW>

end

end

if numel(vals) >= 2, break; end

end

if numel(vals) >= 2, x1 = vals(1l); x2 = vals(2); db = abs(x2 - x1);
else, db = NaN; x1 = NaN; x2 = NaN; end

end

% ---- Tim x tai y=y@ an toan (tranh trung diém) ----
function x_at y = x_at_y target(x, y, yo)
x=x(:); y =y();

if numel(y)<2, x_at_y = NaN; return; end

eps@ = le-9*max(1l,range(y));

yz =y; yz(abs(yz - y@) < eps@) = yo;

s = sign(yz - y@);

cand = find(s(1:end-1).*s(2:end) <= 0);

x_at_y = NaN;

for k = 1:numel(cand)

i = cand(k); j = i+1;

if y(i) == y(3)

i3 =3

while jj <= numel(y) &% y(jj) == y(i), jj = jj + 1; end
if jj <= numel(y), j = jj; else

ii = i;

while ii >= 1 && y(ii) == y(i), ii = ii - 1; end
if ii »>= 1, i = ii; else, continue; end

end

end

denom = (y(j) - y(i));

if denom ~= @

x_at_y = x(i) + (x(3)-x(i))*(ye - y(i))/denom;
return;

end

end

end

% ---- Time lag (da bd sung) ----

function lag s = time_lag(x, y, dt, maxLagS)

x = x(:) - mean(x); y = y(:) - mean(y);

Nlag = min(round(maxLagS/dt), floor(numel(x)/4));

if Nlag < 1, lag_s = NaN; return; end

[c, lags] = xcorr(y, X, Nlag, 'coeff'); % y so véi x
[~, 1] = max(c);
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lag s = lags(i) * dt;
end

% ---- Slope dTd/dAy 8n dinh @Ay=ay@, phan nhanh theo ay dot ----
function slope=slope_Td wrt_ay_at(ay,Td,ay0,branchSign,Time)
A=max(abs(ay)); if A==0, slope=NaN; return; end

bw=0.01*A; bw_max=0.15*A; Nmin=20; spreadMin=0.03; % g

ay_dot = gradient(movmedian(ay,5), Time);

thr=1e-4;

okBranch = ((branchSign»>@) & (ay_dot>=thr)) | ((branchSign<@) & (ay_dot<=-thr));
slope=NaN;

while bw<=bw_max

m=okBranch & abs(ay-ay0)<=bw; x=ay(m); y=Td(m);

if numel(x)>=Nmin && (max(x)-min(x)>=spreadMin)

if exist('sgolayfilt','file') && numel(y)>=11, y=sgolayfilt(y,3,11); end
p=polyfit(x,y,1); slope=p(1l); return;

end

bw=bw*1.5;

end

end

function r=safe_ratio(a,b)
if ~isfinite(a)||~isfinite(b)||b==0, r=NaN; else, r=abs(a)/abs(b); end
end

fprintf('\nPad ghi két qua vao: %s (sheet "Results")\n', outFile);
end

% =================== HAM PHU TRQ ===========================
function tC = firstCrossing(t, y, yth, sgn)

sgn = sign(sgn); if sgn == 0, sgn = 1; end

yy = (y - yth) * sgn;

ix = find(yy >= 0, 1, 'first');

if isempty(ix) || ix == 1, tC = t(max(1, ix)); return; end

tC = interpl(yy(ix-1:ix), t(ix-1:ix), @, 'linear', 'extrap');
end

function Ts = settlingTime(t, y, yss, t@, band)
mask = t >= t0; t = t(mask); y = y(mask);

th = band * max(abs(yss), 1le-9);

ok = abs(y - yss) <= th;

Ts = NaN;

for k = 1:numel(t)

if all(ok(k:end)), Ts = t(k) - t(1); break; end
end

end

function [tR, SWR, rR, ayR] = resampleIfNeeded(t, SW, r, ay, t0, t_end, dtMax)
mask = (t >= t0 & t <= t_end);

t = t(mask); SW = SW(mask); r = r(mask); ay = ay(mask);
dt = median(diff(t));

if dt <= dtMax

tR = t; SWR = SW; rR = r; ayR = ay;

else

tR = (t(1):dtMax:t(end))"';

SWR = interpl(t, SW, tR, 'linear', 'extrap');

rR = interpl(t, r, tR, 'linear', 'extrap');

ayR = interpl(t, ay, tR, 'linear', 'extrap');

end

end
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function lag s = timelLag_xcorr(t, X, y)

dt = median(diff(t)); x = detrend(x); y = detrend(y);

[c, lags] = xcorr(y, x, 'coeff'); [~, 1] = max(c); lag_s = lags(i) * dt;
end

function tfrac = interpTimeFrac(t, r, re, to, frac, sgn)
r_init = mean(r(t < t0));

target = r_init + frac * (r@ - r_init);

tfrac = firstCrossing(t, r, target, sgn) - t0;

end

%% %%

5.2.2. Thir nghiém danh gia cam giac 1ai v6i tin hi€éu xung (Pulse input test)

%% CARSIM Pulse.m
% Phan tich pulse test theo GB/T 6323-2014 + xuat Excel
clear; clc;

%% ====== 1) Load data ======
matFile = 'Carsim_Pulse_V100_Td19.85.mat'; % chinh néu tén khac
S = load(matFile);

req = {'Timec_data', 'fdc_data', 'dpsic_data'};

for k = 1:numel(req)

assert(isfield(S, req{k}), 'Thiéu bién %s trong file MAT.', req{k});
end

t = S.Timec_data(:); % [s]

dSW = S.fdc_data(:); % steering angle [deg]

rYW = S.dpsic_data(:); % yaw rate [deg/s]

Tsw = []; ay = [];

if isfield(S, 'Tdc_data'), Tsw = S.Tdc_data(:); end
if isfield(S, 'ayc_data'), ay = S.ayc_data(:); end

%% ====== 2) Tién x@ ly ======

good = isfinite(t) & isfinite(dSW) & isfinite(rYW);

t = t(good); dSW = dSW(good); rYW = rYW(good);

[~,ord] = sort(t); t = t(ord); dSW = dSW(ord); rYW = rYW(ord);

dt = median(diff(t)); Fs = 1/dt;
dSW_d = detrend(dSW,1); % deg
rYW_d = detrend(rYW,1); % deg/s

%% ====== 3) USc lugng FRF H(f)=R/Delta ======

N = 2”nextpow2(max(numel(t)/4, 1024)); % kich thudc clra s6 dé xudt
N = max(N,1024);

nover = floor(0.5*N);

if exist('hann','file")

win = hann(N);

else

win = hanning(N);

end

f_targets = 0.5:0.5:3.0; % Hz theo bang tiéu chuan

[H,f] = tfestimate(dSW_d, rYW_d, win, nover, [], Fs); % H = R/Delta
[Cxy,~] = mscohere(dSW_d, rYW_d, win, nover, [], Fs); % coherence 0..1

Gain = abs(H); % [1/s]
PhaseDeg = rad2deg(angle(H)); % pha cla r so vdi delta (duong: r dan)
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gain_at = interpl(f, Gain, f_targets, 'pchip', 'extrap');
phase_at = interpl(f, PhaseDeg, f_targets, 'pchip', ‘'extrap');
coh_at = interpl(f, Cxy, f_targets, 'pchip', 'extrap');

% Pha tré a = -ZH, dua vé [-180,180]
alpha_at = -wrapTol80_local(phase_at);

%% ====== 4) Chi tiéu céng hudng (7.5.3) ======

lowBand = f <= 0.2;

if any(lowBand) % A@ ~ gain tan sdé rat thap

A@ = mean(Gain(lowBand), 'omitnan');

else

A@ = interpl(f, Gain, @.5, 'pchip', 'extrap'); % fallback khi thiéu dai thap
end

idxBand = f>=0.5 & f<=3.0;

[Ap, iPk] = max(Gain(idxBand));

f _res = f(idxBand); f_res = f_res(iPk);
D_dB = 20*1logl@(Ap/A®);

%% ====== 5) Bang két qua + luu CSV/XLSX ======

T = table(f_targets(:), gain_at(:), alpha_at(:), coh_at(:),
'VariableNames',
{'Frequency_Hz','Gain_r_div_dsw _per_s', 'PhaselLag_alpha_deg', 'Coherence'});

disp('=== Frequency Response Metrics (Pulse Test - GB/T6323-2014) ===');
disp(T);

fprintf('A0@ (low-frequency gain)
fprintf('Ap (resonant peak gain)
fprintf('D (resonant peak level)

.4f 1/s\n', AQ);
Af 1/s @ f = %.3f Hz\n', Ap, f_res);
.2f dB\n', D_dB);

1]
3% 3R X

% Tén file xuat

if exist('erase','builtin')

base = erase(matFile,'.mat');

else

base = strrep(matFile,'.mat',"'");

end

csvName = [base '_GBT6323 Pulse FRF.csv'];
writetable(T, csvName);

xlsxName = [base '_GBT6323 Pulse_FRF.x1lsx'];
if exist(xlsxName, 'file'), delete(xlsxName); end

% --- Sheet 1: FRF_Op5 3Hz (bang chi tiéu theo tan s6 muc tiéu) ---
writetable(T, xlsxName, 'Sheet','FRF_Op5_3Hz');

% --- Sheet 2: Resonance (tém tat céng hudng) ---

summaryTbl = table(A®@,Ap,f_res,D_dB,
'VariableNames',{'A@_1_per_s','Ap_1 per_s','f res_Hz','D_dB'});
writetable(summaryTbl, xlsxName, 'Sheet', 'Resonance');

% Thém hang tiéu dé mdé ta don vi/y nghia (dat 1lén dau sheet Resonance)
res_header = {

'Metric', 'Value', 'Unit"', 'Description’;

'A@ (low-frequency gain)', A@, 'l/s', 'Gain rat thdp tan sé (xap xi DC)';

'"Ap (resonant peak gain)', Ap, '1l/s', 'Pinh cdng hudng cla |H(f)| trong 0.5-3
'f res', f_res, 'Hz', 'Tan s6 tai dinh cong hudng';

'D', D_dB, 'dB', 'Mic cdéng hudng 20logle(Ap/A@)"’

}s

writecell(res_header, xlsxName, 'Sheet', 'Resonance', 'Range','F1');
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% --- Sheet 3: Meta (théng tin cadu hinh xr 1ly) ---

metaCell = {

'"MAT file', matFile;

'Fs (Hz)', Fs;

'dt (s)', dt;

‘Window (N)', N;

‘Overlap (samples)', nover;

‘Targets (Hz)', sprintf('%.1f ', f_targets);

'Notes 1', 'Gain cao @ ©.5-1 Hz & \alpha nhdo -> phan (ng truc tiép."';
'Notes 2', 'D (dB) 16n -> céng hudng rd, can nhac tang damping EPS/chassis.’
}s

metaTbl = cell2table(metaCell, 'VariableNames', {'Name', 'Value'});
writetable(metaTbl, xlsxName, 'Sheet', 'Meta');

>

fprintf('\n--- Notes ---\n');

% fprintf('* Excel: sheets FRF_Op5_3Hz, Resonance, Meta -> %s\n', xlsxName);
% fprintf('* Gain cao & 0.5-1 Hz & a nhd -> phan Gng truc tiép.\n');
fprintf('* D (dB) 16n -> cdong hudng rd, nén tang damping EPS/chassis.\n');

32 3¢ 3¢

%% ====== 6) V& do thi dac tinh bién tan ======
figure('Color','w', "Name', 'GB/T6323-2014 Pulse Test - Frequency Characteristics');

subplot(2,1,1);

f_plot = f; f_plot(f_plot<=0) = NaN; % tranh log(®) trén truc x
semilogx(f_plot, Gain, 'b-', 'LineWidth', 1.5); hold on;
semilogx(f_targets, gain_at, 'ko', 'MarkerFaceColor','y');
yline(A@,'--','A 0", 'Color',[0.2 0.6 0.2]);

plot(f_res, Ap, 'rp', 'MarkerFaceColor','r', 'MarkerSize',10);

grid on; xlabel('Frequency (Hz)', 'FontSize', 12); ylabel('$Gain:
\dot{\psi}_c/\varphi_{dc}[1/s)]$', 'FontSize', 12, 'Interpreter’','latex');
title('Amplitude (Gain) - Yaw rate per Steering Angle', 'FontSize', 16);
legend({'FRF |H(f)|', 'Targets ©.5-3 Hz','A @ (low-f)','A p (peak)'}, 'Location', 'best"',
'FontSize', 10);

subplot(2,1,2);

semilogx(f_plot, -wrapTol80 local(PhaseDeg), 'm-', 'LineWidth', 1.5); hold on;
semilogx(f_targets, alpha_at, 'ks', 'MarkerFaceColor','c');

grid on; xlabel('Frequency (Hz)', 'FontSize', 12); ylabel('$Phase lag: \alpha[deg]$',
'FontSize', 12, 'Interpreter', 'latex');

title('$Phase Lag: \dot{\psi}-\varphi_{dc}[deg]$', 'FontSize',

16, 'Interpreter', 'latex');

legend({'Phase lag \alpha(f)', 'Targets ©.5-3 Hz'}, 'Location’', 'best’', 'FontSize', 10);

%% ====== 7) (Tuy chon) hién thi thém tin hiéu thoi gian ======

if ~isempty(Tsw) || ~isempty(ay) % <== d3 sla: dung ~ thay vi !
figure('Color','w', "Name', 'Signals - Time Histories');
tiledlayout(3,1, 'Padding', 'compact', 'TileSpacing', 'compact');

nexttile; plot(t, dSW, 'k'); grid on; ylabel('$\varphi_{dc}[deg]$', 'FontSize',
12, 'Interpreter', 'latex'); title('Steering Wheel Angle', 'FontSize', 16);
nexttile; plot(t, rYW, 'b'); grid on; ylabel('$\dot{\psi}_c[Deg/s]$', 'FontSize’,
12, 'Interpreter', 'latex'); title('Yaw Rate', 'FontSize', 16);

nexttile;

if ~isempty(Tsw), plot(t, Tsw, 'r'); hold on; ylabel('$T {dc}[Nm]$', 'FontSize',

12, 'Interpreter', 'latex'); end

if ~isempty(ay), yyaxis right; plot(t, ay, 'g'); ylabel('$a {yc}[g]$', 'FontSize',
12, 'Interpreter', 'latex'); end

grid on; xlabel('Time (s)', 'FontSize', 12); title('Other Signals', 'FontSize', 16);
end
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fprintf('\n--- Notes ---\n');

fprintf('* Excel: sheets FRF_Op5_3Hz, Resonance, Meta -> %s\n', xlsxName);
fprintf('* Gain cao & ©.5-1 Hz & a nhd -> phan G&ng truc tiép.\n');
fprintf('* D (dB) 16n -> cOng hudng rd, nén tang damping EPS/chassis.\n');

%% ====== Local function: wrapTol80 (khong can toolbox) ======
function out = wrapTol80_local(inDeg)

% Dua gbéc (do) vé [-180, 189]

out = mod(inDeg + 180, 360) - 180;

end

5.2.3. Thir nghiém kha nang tra 1ai (Returnability test)

function CARSIM returnability GBT6323(a)

% GB/T 6323-2014 - Muc 8.4: Steering Returnability

% - Al(|yaw| peak) = max |peak| after release

% - Tinh &, D ca khi khéng overshoot (Al cho &/D = NaN)
% - Er theo 8.4.7

% - V& SWA, Yaw, ACC, Phase va d6 thi &-D (theo yéu cau)

%% ===== Cau hinh =====

cfg.file_mat = 'Carsim_Return_N_V100 Td3.06.mat';

cfg.sg_win = 21; cfg.sg poly = 3;

cfg.torque_eps = 0.20; cfg.min_hold_s = 0.10; cfg.min_angle_deg = 5;
cfg.band_yaw = 0.4; cfg.band_dur_s = 1.0;

cfg.delta_r_time = 3.0; cfg.min_peak_dist_s = 0.10;
cfg.var_stop_when_stable = true;

% ==== MANUAL trudc; dé tréng -> AUTO ====

cfg.release_mode="manual'; cfg.release_time_s=NaN;

if nargin>=1 && ~isempty(a) && isnumeric(a) && isfinite(a) && a>=0
cfg.release_time_s=a;

else

try ain=input('Nhdp a (s) dé an dinh thoi diém tha. B6 tréng = AUTO: ','s'); catch,
ain=""; end

ain=strtrim(ain);

if isempty(ain), cfg.release_mode='auto';

else

aval=str2double(ain);

if ~isnan(aval)&&isfinite(aval)&&aval>=0, cfg.release_time_s=aval; else,
cfg.release_mode="auto'; end

end

end

%% ===== Nap dit liéu =====

S=load(cfg.file_mat);
must={'Timec_data', 'Tdc_data', 'fdc_data', 'ayc_data', 'dpsic_data'};

for k=1:numel(must), assert(isfield(S,must{k}), 'Thiéu %s trong .mat',must{k}); end
t=S.Timec_data(:); assert(all(diff(t)>0@), ' 'Time phai tang don diéu.');
dt=mean(diff(t)); fs=1/dt; %#ok<NASGU>

Tsw=S.Tdc_data(:); ang=S.fdc_data(:); ay=S.ayc_data(:); yaw=S.dpsic_data(:);

if mod(cfg.sg win,2)==0, cfg.sg win=cfg.sg win+l; end
try, ang_f=sgolayfilt(ang,cfg.sg_poly,cfg.sg win);
yaw_f=sgolayfilt(yaw,cfg.sg poly,cfg.sg win);

catch, ang_f=ang; yaw_f=yaw; end

%% ===== 8.4.1 - th¥i diém tha =====

if strcmpi(cfg.release_mode, 'manual') && isfinite(cfg.release_time_s)
a_clamp=min(max(cfg.release_time_s,t(1)),t(end));
[~,idx@]=min(abs(t-a_clamp)); rel note=sprintf('MANUAL (a = %.3fs)',t(idx0));
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else

idx@=detect_release_local(t,Tsw,ang_f,cfg); rel note='AUTO (torque & angle-rate
thresholds)';

end

t_release=t(idx@); ang@=interpl(t,ang,t_release); yaw@=interpl(t,yaw,t_release);
ay@=interpl(t,ay,t_release);

%% ===== 8.4.2 - thoi gian 8n dinh =====

[ts, idx_end]=settle_time_local(t,yaw_f,idx@,cfg.band_yaw,cfg.band_dur_s,0);

if isnan(ts), idx_end=min(numel(t),idx@+round(3/dt)); ts=t(idx_end)-t_release; end
holdN=max (1, round(cfg.band_dur_s/dt)); idx_a=max(idx_end-holdN+1,idx0);
r_ss=mean(yaw_f(idx_a:idx_end));

%% ===== 8.4.3 - Ar @3s =====
t_3s=t_release+cfg.delta_r_time;
delta_r=interpl(t,yaw,t_3s,'linear', 'extrap');

%% ===== 8.4.4 - Peak (Al |yaw| peak) =====

t_end_pk=min(t(end), t_release+max(ts,1.0)); mask_pk=(t>=t_release)&(t<=t_end_pk);
yseg=yaw_f(mask_pk)-r_ss; dtloc=mean(diff(t));

mpd=max (1, round(cfg.min_peak_dist_s/dtloc));

[p_pos,~]=findpeaks( yseg, 'MinPeakDistance', mpd);

[p_neg,~]=findpeaks(-yseg, 'MinPeakDistance', mpd);

if isempty(p_pos)& &isempty(p_neg), Al _abs_display=max(abs(yseg));

else, Al_abs_display=max([p_pos(:); p_neg(:)]); end

%% ===== 8.4.4a - 0 =====

den=abs(yaw0);

if den>le-6, sigma_pct=(Al_abs_display-den)/den*100; if sigma_pct<@, sigma_pct=0; end
else, sigma_pct=0; end

%% ===== 8.4.5 & 8.4.6 - f0, £, D & Al =====
[has0S,~]=first_overshoot_peak(t,yaw_f,t release,r_ss,cfg.min_peak_dist_s);
side_for_decay='same'; if has0S, side_for_decay='opposite'; end

[tpks,
Apks]=peaks_on_side(t,yaw_f,t_release,r_ss,cfg.min_peak_dist_s,yaw@,side_for_decay);
if numel(tpks)>=2, Tper=diff(tpks(1l:2)); fo=1/mean(Tper); else, fo=NaN; end
if numel(Apks)>=2

Al _calc=Apks(1); A2_calc=Apks(2);

delta=log(Al_calc/A2_calc);

xi= delta / sqrt(4*pi”2 + delta”2);

D meas= 1 - (A2_calc/Al _calc);

else

xi=NaN; D_meas=NaN;

end

if has0S, Al_for_table=Al_calc; else, Al_for_table=NaN; end

%% ===== 8.4.7 - Er =====

dtE=min(0.2,dt); tO@=t_release; tl=min(t(end), t_release+3.0);

tk=(t0:dtE:t1)."'; if tk(end)<tl, tk(end+1,1)=tl1l; end
rei=abs(interpl(t,yaw,t_release, 'linear', 'extrap'));

if r@i<le-6, Er=NaN;

else, rik=interpl(t,yaw,tk, 'linear', 'extrap'); q=(rik./rei).~2; Er=(sum(q)-0.5)*dtE;
end

%% ===== In & Ghi =====

P={}; SYM={}; UNIT={}; VAL=[]; NOTE={};

add_row("Thoi diém tha vo-lang (Steering release time)","t_release","s", t_release);
add_row("Ché do xac dinh thoi diém tha (Method for determining release time)","-","-",
rel _note);

add_row("Goc tai thoi diém tha (Steering angle at release)","angle release","deg",
ange);
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add_row("T8c dd quay than xe tai thoi diém tha (Yaw rate at
release)","yaw_release","deg/s", yawd);

add_row("Gia t6c ngang tai thoi diém tha (Lateral acceleration at
release)","ay_release","g", ay9);

add_row("Thoi gian 6n dinh (Settling time)","ts","s", ts);

add_row("Piéu kién 6n dinh (Stability criterion)","yaw","< ... (Stability criterion)",
cfg.band_yaw);

add_row("Thoi lugng duy tri (Duration time)","tr","s", cfg.band_dur_s);

add_row("Van téc quay con lai sau 3 s (Remaining yaw rate after3 s)","Ar@3s","deg/s",
delta_r);

add_row("b6 vugt quad (Overshoot ratio)","o","%", sigma_pct);
add_row("Toc dd6 quay cuc dai sau tha (Peak yaw rate after release)
Al_abs_display);

add_row("Tan sé dao dong riéng (Natural frequency)","fe","Hz", fo);

if isnan(Al_for_table), add_row("Pinh dau 1 (First peak amplitude A1)","Al1l","deg/s",
NaN) ;

else, add_row("Pinh dau 1 (First peak amplitude A1)","Al","deg/s", Al_for_table); end
add_row("Ty s6 suy giam (Decay ratio between 2 peaks)","D","-", D_meas);

add_row("Hé s6 tat dan tuong d6i (Relative damping ratio)","&","-", xi);

add_row("Téng phuong sai van téc quay than xe (Total yaw-rate variance)","Er","s",
Er);

, "Apeak","deg/s",

fprintf('\n===== KET QUA MUC 8.4 (GB/T 6323-2014) - SINGLE RUN =====\n');
fprintf('%-60s | %-12s | %-16s | %-14s | %s\n',

'Thong s6 (Tiéng viét - English)', 'Ky hiéu (Symbol)', 'Pon vi (Unit)', 'Value', 'Note');
fprintf('%s\n', repmat('-',1,125));

for i=1:numel(P)

if i<=numel(VAL) && isfinite(VAL(i)), vstr=sprintf('%.9g',VAL(i)); else, vstr=""; end
if i<=numel(NOTE)&8&~isempty(NOTE{i}), nstr=NOTE{i}; else, nstr="'; end

fprintf('%-60s | %-12s | %-16s | %-14s | %s\n',

char(P{i}), char(SYM{i}), char(UNIT{i}), vstr, nstr);

end

xls=regexprep(cfg.file_mat, '\.mat$"', "' .xlsx"','once');

try, if exist(xls,'file'), delete(xls); end, catch, end
T=table(string(P),string(SYM),string(UNIT),VAL,string(NOTE),
'VariableNames',{'Thong_so TV_EN', 'Ky _hieu_Symbol', 'Don_vi Unit', 'Value', 'Note'});
writetable(T,x1s, 'Sheet', 'Sec8 4', 'WriteMode', 'overwritesheet');
Meta=table(string(cfg.file_mat),dt,fs,cfg.torque_eps,cfg.min_hold_s,cfg.min_angle_deg

cfg.band_yaw,cfg.band_dur_s,cfg.delta_r_time,cfg.min_peak_dist_s,
string(cfg.release_mode),cfg.release_time_s,r_ss,
'VariableNames',{'mat_file','dt_s','fs_Hz','torque_eps', 'min_hold_s', 'min_angle_deg’,

‘band_yaw_degps', 'band_dur_s', 'delta_r_time_s','min_peak_dist_s', 'release_mode', 'rele
ase_time_s','r_ss_degps'});
writetable(Meta,xls, 'Sheet', '"Meta', 'WriteMode’, 'overwritesheet');

disp(['>> Ghi Excel: ' x1s]); disp('>> DONE.'");

%% ===== HINH MINH HQA CHINH =====
[~,tag,~]=Ffileparts(cfg.file mat);

% ===== SWA =====

fl=figure('Color','w');

plot(t,ang, 'LineWidth',1.4); grid on; hold on;

try xline(t_release, 'k--', 'Release'); catch, yl=ylim; line([t_release
t_release],yl, 'Color', 'k', 'LineStyle',"'--"); end

yline(@, 'k:"'); title('SWA', 'FontSize',16); xlabel('Time (s)','FontSize',12);
ylabel('$\varphi_{dc}[Deg]$', 'FontSize',12, 'Interpreter', 'latex"');

% ===== Yaw r‘ate =====
f2=figure('Color','w');
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plot(t,yaw, 'LineWidth',1.4); grid on; hold on;

try xline(t_release, 'k--','Release'); catch, yl=ylim; line([t_release
t_release],yl, 'Color', 'k', 'LineStyle','--"); end

yline(@, 'k:");

if ~isnan(ts)

try xline(t_release+ts, 'g--','ts"'); catch, yl=ylim; line([t_release+ts
t_release+ts],yl, 'Color','g', 'LineStyle','--"); end

end

plot(t_3s,delta_r,'o', '"MarkerSize',6, 'LineWidth',1.4);

title('Yaw rate', 'FontSize',16); xlabel('Time (s)','FontSize',12);
ylabel('$\dot{\psi}_c[Deg/s]$', 'FontSize',12, 'Interpreter', 'latex');

% ===== Lateral acceleration =====

f3=figure('Color','w");

plot(t,ay, 'LineWidth',1.4); grid on; hold on;

try xline(t_release, 'k--','Release'); catch, yl=ylim; line([t_release
t_release],yl, 'Color', 'k', 'LineStyle','--"); end

yline(@, 'k:"); title('ACC', 'FontSize',16); xlabel('Time (s)', 'FontSize',12);
ylabel('$a {yc}[g]$"', 'FontSize',12, 'Interpreter’', 'latex');

% ===== Phase plots =====

f4=figure('Color','w");

subplot(2,1,1); plot(ang,yaw, 'LineWidth',1.2); grid on;
xlabel('Angle (deg)', 'FontSize',12);
ylabel('$\dot{\psi}_c[Deg/s]$', 'FontSize',12, 'Interpreter', 'latex');
title('Yaw rate vs SWA', 'FontSize',16);

subplot(2,1,2); plot(ang,ay, 'LineWidth',1.2); grid on;

xlabel('Angle (deg)', 'FontSize',12);

ylabel('$a {yc}[gl]$"', 'FontSize',12, 'Interpreter’', 'latex');
title('ACC vs SWA', 'FontSize',16);

% ===== Quan hé § - D =====

D _grid = linspace(0,0.99,400);

delta_g = -log(l - D_grid);

xi_grid = delta_g ./ sqrt(4*pi~2 + delta_g.”2);

fxi = figure('Color','w');

plot(D_grid, xi_grid, 'b-', 'LineWidth', 1.8); grid on; hold on;
xlim([@ 1]); ylim([e 1]);

xlabel('Decay ratio D');

ylabel('Relative damping ratio \xi');

title('Characteristics \xi and D');

if ~isnan(D_meas) && ~isnan(xi)

plot(D_meas, xi, 'ro', 'MarkerSize', 7, 'LineWidth', 1.6);
legend({'\xi(D) - tiéu chuan', 'Diém do tu dir 1iéu'}, 'Location','southeast');
else

legend({'\xi(D) - tiéu chudn'}, 'Location','southeast');

end

%% ===== helpers 16ng =====

function add_row(param,symb,unit,val)
P{end+1,1}=char(param); SYM{end+1l,1}=char(symb); UNIT{end+1,1}=char(unit);
if isnumeric(val)&8&isscalar(val)&&isfinite(val)
VAL (end+1,1)=double(val); NOTE{end+1,1}="";
else

VAL(end+1,1)=NaN;

if isstring(val), NOTE{end+1,1}=char(val);
elseif ischar(val), NOTE{end+1,1}=val;

else, NOTE{end+1,1}="";

end

end

end

end
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%% ===== Local functions =====

function idx_rel=detect_release_local(t,Tsw,ang,cfg)

dt=mean(diff(t)); dang=[0;diff(ang)]/dt;
mask_lowT=abs(Tsw)<=cfg.torque_eps;
mask_relax=movmean(abs(dang),max(1,round(0.05/dt)))<5;
idx_start=find(abs(ang)>=cfg.min_angle deg,1, 'first'); if isempty(idx_start),
idx_start=1; end

cand=find(mask_lowT & mask_relax & ((1l:numel(t))'>=idx_start),1, 'first’);
if isempty(cand), error('Khédng xac dinh dugc thdi diém thad vé-1lang.'); end
needN=max(1,round(cfg.min_hold_s/dt)); cand2=min(numel(t),cand+needN-1);
if all(mask_lowT(cand:cand2)), idx_rel=cand; else, idx_rel=cand; end

end

function [ts,idx_end]=settle_time_local(t,y,idx@,band,hold s,r_ss)
dt=mean(diff(t)); needN=max(1l,round(hold_s/dt)); run=0; ts=NaN; idx_end=NaN;
for i=idx@:numel(t)

if abs(y(i)-r_ss)<=band, run=run+l; else, run=0; end

if run>=needN, idx_end=i; ts=t(idx_end)-t(idx@); return; end

end

end

function [hasO0S,r_peak]=first_overshoot_peak(t,y,t rel,r_ss,min_peak_dist_s)
dt=mean(diff(t)); idxe=find(t>=t_rel,1, 'first');

if isempty(idx®@)||idx@>=numel(t), hasOS=false; r_peak=r_ss; return; end
yseg=double(y(idx@:end)-r_ss); sgn@=sign_eps(yseg(l));
zc=find(sign_eps(yseg(l:end-1))~=sign_eps(yseg(2:end)) & ...
sign_eps(yseg(l:end-1))==sgno, 1, 'first’');

if isempty(zc), hasOS=false; r_peak=r_ss; return; end

from=idx@+zc; if from>numel(y), hasOS=false; r_peak=r_ss; return; end
ypost=yseg(from:end)*(-sgno);

if isempty(ypost)||all(~isfinite(ypost)), hasOS=false; r_peak=r_ss; return; end
[pk,~]=safe_findpeaks(ypost,max(1,round(min_peak dist_s/dt)),1);

if isempty(pk), hasOS=false; r_peak=r_ss; else, hasOS=true; r_peak=(-sgn0@)*pk(1)+r_ss;
end

end

function [tpks,Apks]=peaks_on_side(t,y,t_rel,r_ss,min_peak _dist_s,yaw@,side)
dt=mean(diff(t)); idxe=find(t>=t_rel,1,'first'); if isempty(idx®@)||idx@>=numel(t),
tpks=[]; Apks=[]; return; end

sgn@=sign_eps(yawd-r_ss); if strcmpi(side, 'opposite'), sgn=-sgn@; else, sgn=sgnd; end
y_side=double((y(idx0@:end)-r_ss)*sgn);
[Apks,locs]=safe_findpeaks(y_side,max(1,round(min_peak dist_s/dt)),5);
tpks=t(idx@-1+locs); Apks=Apks(:);

end

function [pks,locs]=safe_findpeaks(yvec,minDist,N)

pks=[]; locs=[]; if isempty(yvec)||all(~isfinite(yvec)), return; end
yvec=yvec(:);

try, [pks,locs]=findpeaks(yvec, 'MinPeakDistance',minDist, 'NPeaks',N);

catch, [pmax,idx]=max(yvec); if isfinite(pmax), pks=pmax; locs=idx; end, end
end

function s=sign_eps(x)
eps@=1le-6; if x>epsO, s=1; elseif x<-eps@, s=-1; else, s=0; end
End

5.2.4. Thir nghiém danh gia cam giac lai chuyén trang thai (Transition test)

function CARSIM Transition_ KPI(matFile, outXlsx)
% KPI on-centre, chi chu ky dau tién sau t >= 20 s. ay & [g].
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% Xudt 1 sheet Excel (Group | Metric | Unit | Value) va in theo cét doc.

%% ©) LOAD & TIEN XU LY

if nargin < 1 || isempty(matFile), matFile = 'Carsim_N_Transition V100 T3.52'; end
if nargin < 2 || isempty(outXlsx), outXlsx =
‘Carsim_N_Transition_V100_T3.52_KPIs_SLOPE.xlsx';

end

S = load(matFile);

Time = S.Timec_data(:);

Td = S.Tdc_data(:); % Nm

fd = S.fdc_data(:); % deg

ay = S.ayc_data(:); % g

yaw = S.dpsic_data(:); % deg/s

% Lay tir t >= 20 s, loai NaN dong thoi

m = Time >= 0;

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);
m = ~(isnan(Time)|isnan(Td)|isnan(fd)|isnan(ay)|isnan(yaw));

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);
if numel(Time) < 6, error('Khéng du dir 1iéu sau 20 s.'); end

dt = median(diff(Time));

%% 1) CAT CHU KY PAU (zero-crossing cung chidu -» fallback 5 s)
[i1,i2] = first_cycle_indices(fd);

if ~isempty(il) && ~isempty(i2) && i2 > il+1

r=1il:i2;

else

T1 = Time(1l); T2 = min(Time(1)+5, Time(end));

r = (Time>=T1) & (Time<=T2);

warning('Auto detect fail » dung clra s6 5 s (%.3f+%.3f s).',T1,T2);
end

Time = Time(r); Td = Td(r); fd = fd(r); ay = ay(r); yaw = yaw(r);

32 32 30 3Q 3 3¢ 3¢ 3¢ 3¢ 3¢

%% 2) THAM SO PHU

bw_fd = 0.01*max(abs(fd)); bw_Td = 0.01*max(abs(Td));
bw_ay = 0.01*max(abs(ay)); bw_yaw = 0.01*max(abs(yaw));
mask_fd_pm3 = abs(fd) <= 3;

mask_fd_pm = abs(fd) <= max(abs(fd));

mask_ay_pm3 = abs(ay) <= 0.01;

mask_ay_pm = abs(ay) <= max(abs(ay));

% Phan nhanh theo chiéu danh 1ai (tang/giam SWA)
fd_dot = gradient(fd, Time);

inc = fd_dot >= @; % nhanh di

dec = fd_dot < ©; % nhanh vé

%% 3) TINH KPI
G={}; M={}; U={}; v=[1];

addRow = @(g,m,u,v) local_add_row(g,m,u,v);

% ===== 1) Torque vs SWA =====
[pos_stiff,~] = linfit_OLS(fd, Td, mask_fd_pm & (Td>=0));
% [neg_stiff,~] = linfit_OLS(fd, Td, mask_fd_pm & (Td<=0));

% (P6i) dung local_slope thay vi mean(gradient(...))
grad_Tdoe_P = local slope(fd,Td, (abs(fd)<=bw_fd)&(Td>=0));
% grad_Tdo_N = local_slope(fd,Td, (abs(fd)<=bw_fd)&(Td<=0));

% R2 theo tlng nhanh (Pearson r?2)
[~,R2_I_inc] = linfit_Pearson(fd,Td, mask_fd_pm3 & inc);
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% [~,R2_I dec] = linfit_Pearson(fd,Td, mask_fd _pm3 & dec);

addRow('I', 'Mean Stiffness (+)', 'Nm/deg',pos_stiff);

% addRow('I', 'Mean Stiffness (-)', 'Nm/deg',neg stiff);
addRow('I", 'Local_slope @SWA=@ (pos)','Nm/deg',grad Tdo P);
% addRow('I','Local_slope @SWA=0 (neg)', 'Nm/deg',grad_Tdo_N);
addRow('I',"'Linearity R2? (Torque~SWA, inc)','-',R2_I_inc);

% addRow('I','Linearity R? (Torque~SWA, dec)','-',R2_I dec);
addRow('I', 'Max |Torquel|','Nm',max(abs(Td)));

addRow('I", 'Max |SWA|','deg',max(abs(fd)));

% ===== II) Ay VS SWA =====
[meanP_sensitivity,~] infit_OLS(fd, ay, mask_fd_pm & (Td>=0));
% [meanN_sensitivity,~ linfit_OLS(fd, ay, mask_fd _pm & (Td<=0));

— |l
n =

% (P6i) dung local_slope thay vi mean(gradient(...))
slope_fdo_P = local_slope(fd,ay, (abs(fd)<=bw_fd)&(Td>=0));
% slope_fdo_N = local slope(fd,ay, (abs(fd)<=bw_fd)&(Td<=0));

[~,R2_II inc]

= linfit_Pearson(fd,ay, mask_fd_pm3 & inc);
% [~,R2_II dec] =

linfit_Pearson(fd,ay, mask_fd _pm3 & dec);

addRow('II', 'Mean sensitivity (+)', 'g/deg',meanP_sensitivity);
% addRow('II', 'Mean sensitivity (-)','g/deg',meanN_sensitivity);
addRow('II', 'Local_slope @SWA=@ (pos)','g/deg',slope_fdo P);

% addRow('II','Local slope @SWA=@ (neg)','g/deg',slope fdo N);
addRow('II', 'Linearity R2? (Ay~SWA, inc)','-',R2_II inc);

% addRow('II','Linearity R2? (Ay~SWA, dec)','-',R2_II dec);

% ===== III) Torque vs Ay =====

% [torque_db_ay@,~,~] = deadband_y_at_xe(ay,Td);
% [ay_db_Tdo,~,~] = deadband_y_at_x0(Td,ay);

% area_Td_ay = polyarea([ay;ay(1)],[Td;Td(1)]);

R X

% dSlope 6n dinh @@ & @+0.1 g (hdi quy + clra sé thich nghi)
sOp = slope_Td_wrt_ay at(ay,Td, 0.0,+1);

% son = slope_Td _wrt_ay at(ay,Td, 0.0,-1);

s@lp = slope_Td_wrt_ay_at(ay,Td,+0.1,+1);

% s01ln = slope_Td_wrt_ay at(ay,Td,-0.1,-1);

% s01 = mean([s@1lp s@1n], 'omitnan');

% R2 theo nhanh, gidi han |Ay|<0.15 g dé tranh deadband qua phang
centreAy = abs(ay) <= 0.15;

[~,R2_III_inc] = linfit_Pearson(ay,Td, centreAy & inc);

[~,R2_III dec] = linfit_Pearson(ay,Td, centreAy & dec);

addRow('III', 'dTorque/dAy @Ay=0 (pos)','Nm/g',sop);

% addRow('III', 'dTorque/dAy @Ay=0 (neg)','Nm/g',son);
addRow( 'III', 'dTorque/dAy @Ay=0.1 g (avg)', 'Nm/g',s0lp);

% addRow('III', 'dTorque/dAy @Ay=-0.1 g (avg)', 'Nm/g',s0ln);
addRow('III', 'Linearity R2 (Torque~Ay, inc)','-',R2_III inc);
% addRow('III','Linearity R2 (Torque~Ay, dec)','-',R2_III dec);
addRow('III', 'Peak |Ay|','g',max(abs(ay)));

addRow('III', 'Peak |Torque|','Nm',max(abs(Td)));

% ===== IV) Yaw vs SWA =====

% [yaw_ang_db,~,~] = deadband_x_at_y@(fd,yaw);

% area_yaw_fd = polyarea([fd;fd(1)],[yaw;yaw(1)]);
[~,R2_IV_inc] = linfit_Pearson(fd,yaw, mask_fd pm3 & inc);
% [~,R2_IV_dec] = linfit_Pearson(fd,yaw, mask_fd_pm3 & dec);
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% lag yaw_fd = time_lag(fd,yaw,dt,1.0);

% (P6i) dung local_slope

addRow('IV', 'Yaw gain vs SWA (centre)','(deg/s)/deg', local_slope(fd,yaw,
mask_fd_pm3));

% addRow('IV','Yaw time lag vs SWA','s',lag yaw_fd);

addRow('IV', 'Linearity R2 (Yaw~SWA, inc)','-',R2_IV_inc);

% addRow('IV','Linearity R2? (Yaw~SWA, dec)','-',R2_IV_dec);

% ===== V) Yaw vs Torque =====

% [yaw_T _db,~,~] = deadband_x_at_y@(Td,yaw);

% area_yaw_Td = polyarea([Td;Td(1)],[yaw;yaw(1)]);
mask_Td = abs(Td) <= 0.3;

[~,R2_V_inc] = linfit_Pearson(Td,yaw, mask_Td & inc);
% [~,R2_V_dec] = linfit_Pearson(Td,yaw, mask_Td & dec);
% lag_yaw_Td = time_lag(Td,yaw,dt,1.0);

% (P6i) dung local_slope

addRow('V', 'Yaw gain vs Torque (centre)','(deg/s)/Nm', local_slope(Td,yaw, mask_Td));
% addRow('V', 'Yaw time lag vs Torque','s',lag yaw_Td);

addRow('V', 'Linearity R2? (Yaw~Torque, inc)','-',R2_V_inc);

% addRow('V', 'Linearity R2? (Yaw~Torque, dec)','-',R2_V _dec);

%% 4) GHI EXCEL & IN
T = table(G,M,U,V, 'VariableNames',{'Group', '‘Metric', 'Unit', 'Value'});
writetable(T,outX1lsx, 'Sheet', 'Results’, 'WriteVariableNames',true);

fprintf('=== on-centre KPIs (1 chu ky dau sau t >= 20 s) ===\n');

for i=1:height(T)

fprintf('%-2s | %-52s [%s] : %.6g\n',T.Group{i},T.Metric{i},T.Unit{i},T.Value(i));
end

fprintf('Pa luu: %s (sheet: Results)\n', outXlsx);

%% nested: thém hang

function local_add_row(g,m,u,v)

G{end+1,1}=g; M{end+1,1}=m; U{end+1,1}=u;

if isempty(v) || ~(isnumeric(v)&&isscalar(v)), V(end+1,1)=NaN; else, V(end+1,1)=v;
end

end

end

%% ================== HAM PHU TRQ ==================
function [i1,i2]=Ffirst_cycle_indices(fd)

fd=fd(:); z=find(fd(1l:end-1).*fd(2:end)<=0);

if numel(z)<2, i1=[]; i2=[]; return; end
s=sign(fd(z+1)-fd(z)); i1=[]; i2=[];

for k=1:numel(z)-1

if s(k)~=0

j=find(s(k+1:end)==s(k),1, 'first');

if ~isempty(j), il=z(k); i2=z(k+1+j-1); return; end
end

end

end

function [slope,R2]=1linfit_OLS(x,y,mask)

x=x(mask); y=y(mask); if numel(x)<3, slope=NaN; R2=NaN; return; end
p=polyfit(x,y,1); slope=p(1l); yf=polyval(p,x);

SSres=sum((y-yf).”~2); SStot=sum((y-mean(y)).”2); R2=1-SSres/max(SStot,eps);
end

function [slope,R2]=1linfit_Pearson(x,y,mask)
x=x(mask); y=y(mask); if numel(x)<3, slope=NaN; R2=NaN; return; end
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p=polyfit(x,y,1); slope=p(1); C=corrcoef(x,y); R2=C(1,2)"2;
end

% ---- local _slope: udc lugng do doc dac tinh x»y trong mask (OLS + smoothing tuy
chon) ----

function s = local_slope(x,y,mask)

x =x(:);y =y();

if nargin<3 || isempty(mask), mask = true(size(x)); end
x = x(mask); y = y(mask);

if numel(x) < 3, s = NaN; return; end

% Sap x8p theo x dé mugt 6n dinh theo bié&n doc 1lap
[xs,idx] = sort(x);

ys = y(idx);

% Smoothing nhe d& gidm nhidu

if exist('sgolayfilt','file') && numel(ys) >= 11

ys = sgolayfilt(ys,3,11);

elseif numel(ys) >= 5

ys = movmedian(ys,5);

end

p = polyfit(xs,ys,1);

s = p(1);

end

function [db,yl,y2]=deadband_y at x@(x,y)

x=x(:); y=y(:); i=find(x(1:end-1).*x(2:end)<0);

if numel(i)<2, db=NaN; yl=NaN; y2=NaN; return; end
yl=interpl(x(i(1):i(1)+1),y(i(1):i(1)+1),0);
y2=interpl(x(i(2):1(2)+1),y(i(2):i(2)+1),0);
db=abs(y2-yl);

end

function [db,x1,x2]=deadband_x_at_ye(x,y)

x=x(:); y=y(:); i=find(y(1l:end-1).*y(2:end)<9);

if numel(i)<2, db=NaN; x1=NaN; x2=NaN; return; end
x1=interpl(y(i(1):1i(21)+1),x(i(1):i(1)+1),0);
x2=interpl(y(i(2):1(2)+1),x(i(2):i(2)+1),0);
db=abs(x2-x1);

end

function lag _s=time_lag(x,y,dt,maxLagsS)

x=x(:)-mean(x); y=y(:)-mean(y);
N=min(round(maxLagS/dt),floor(numel(x)/4)); if N<1, lag _s=NaN; return; end
[c,1]=xcorr(y,x,N, 'coeff'); [~,i]=max(c); lag_s=1(i)*dt;

end

function x_at_y=x_at_y_ target(x,y,yo0)

x=x(:); y=y(:);

i=find((y(1l:end-1)<=y0 & y(2:end)>=y0) | (y(1l:end-1)>=y0 & y(2:end)<=y0),1,'first');
if isempty(i), x_at_y=NaN; else, x_at_y=interpl(y(i:i+1),x(i:i+1),y0); end

end

function slope=slope_Td _wrt_ay_at(ay,Td,ay@,branchSign)
A=max(abs(ay)); if A==0, slope=NaN; return; end
bw=0.01*A; bw_max=0.10*A; Nmin=20; spreadMin=0.02; % g
ok=(branchSign>0 & Td>=0) | (branchSign<@ & Td<=0);
slope=NaN;

while bw<=bw_max

m=ok & abs(ay-ay@)<=bw; x=ay(m); y=Td(m);

if numel(x)>=Nmin && (max(x)-min(x)>=spreadMin)

if exist('sgolayfilt','file') && numel(y)>=11, y=sgolayfilt(y,3,11); end
p=polyfit(x,y,1); slope=p(1); return;

end
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bw=bw*1.5;
end
end

function r=safe_ratio(a,b)
if ~isfinite(a)||~isfinite(b)||b==0, r=NaN; else, r=abs(a)/abs(b); end
end

function SIMULINK Transition_KPI(matFile, outXlsx)
% KPI on-centre, chi chu ky dau tién sau t >= 20 s. ay & [g].
% Xudt 1 sheet Excel (Group | Metric | Unit | Value) va in theo cét doc.

%% ©) LOAD & TIEN XU LY

if nargin < 1 || isempty(matFile), matFile
end

if nargin < 2 || isempty(outXlsx), outXlsx
"'SIMULINK_P_Transitions_5s V100 _Td3.52 KPIs_SLOPE.xlsx'; end

"EX_Full P_Transitions_5s V100 _Td3.52"';

S = load(matFile);

Time = S.Time_data(:);

Td = S.Td_data(:); % Nm

fd = S.fddeg_data(:); % deg

ay = S.afg data(:); % g

yaw = S.dpsideg _data(:); % deg/s

% Lay tir t >= 20 s, loai NaN dong thoi

m = Time >= 0;

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);
m = ~(isnan(Time)|isnan(Td)|isnan(fd)|isnan(ay)|isnan(yaw));

Time = Time(m); Td = Td(m); fd = fd(m); ay = ay(m); yaw = yaw(m);
if numel(Time) < 6, error('Khéng du dir 1iéu sau 20 s.'); end

dt = median(diff(Time));

% %% 1) CAT CHU KY PAU (zero-crossing cung chiéu -» fallback 5 s)

% [1i1,i2] = first_cycle_indices(fd);

% if ~isempty(il) && ~isempty(i2) && i2 > il+l

% r = 11:i2;

% else

% T1 = Time(1l); T2 = min(Time(1)+5, Time(end));

% r = (Time>=T1) & (Time<=T2);

% warning('Auto detect fail » dung clra s6 5 s (%.3f>%.3f s).',T1,T2);
% end

% Time = Time(r); Td = Td(r); fd = fd(r); ay = ay(r); yaw = yaw(r);

%% 2) THAM SO PHU

bw fd = 0.01*max(abs(fd)); bw_Td = 0.01*max(abs(Td));
bw_ay = 0.01*max(abs(ay)); bw_yaw = 0.01*max(abs(yaw));
mask_fd_pm3 = abs(fd) <= 3;

mask_fd_pm = abs(fd) <= max(abs(fd));

mask_ay pm3 = abs(ay) <= 0.01;

mask_ay_pm = abs(ay) <= max(abs(ay));

% Phan nhanh theo chiéu danh 1ai (tang/giam SWA)
fd_dot = gradient(fd, Time);

inc = fd_dot >= 0; % nhanh di

dec = fd_dot < ©; % nhanh vé

%% 3) TINH KPI
G={}; M={}; U={}; Vv=[1;

addRow = @(g,m,u,v) local_add_row(g,m,u,v);
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% ===== 1) Torque vs SWA =====
[pos_stiff,~] = linfit_OLS(fd, Td, mask_fd_pm & (Td>=0));
% [neg_stiff,~] = linfit OLS(fd, Td, mask_fd_pm & (Td<=0));

% (P6i) dung local_slope thay vi mean(gradient(...))
grad_Tdo_P = local_slope(fd,Td, (abs(fd)<=bw_fd)&(Td>=0));
% grad_Tdo_N = local_slope(fd,Td, (abs(fd)<=bw_fd)&(Td<=0));

% R2 theo tung nhanh (Pearson r2)
[~,R2_I_inc] = linfit_Pearson(fd,Td, mask_fd_pm3 & inc);
% [~,R2_I dec] = linfit_Pearson(fd,Td, mask_fd_pm3 & dec);

addRow('I", '"Mean Stiffness (+)','Nm/deg',pos_stiff);

% addRow('I', 'Mean Stiffness (-)', 'Nm/deg',neg _stiff);
addRow('I', 'Local_slope @SWA=@ (pos)','Nm/deg',grad_Tde P);
% addRow('I"','Local_slope @SWA=0@ (neg)', 'Nm/deg',grad _Tdo N);
addRow('I", 'Linearity R2? (Torque~SWA, inc)','-',R2_I inc);

% addRow('I','Linearity R? (Torque~SWA, dec)','-',R2_I dec);
addRow('I', 'Max |Torque|','Nm',max(abs(Td)));

addRow('I", 'Max |SWA|','deg',max(abs(fd)));

% ===== II) Ay VS SWA =====
[meanP_sensitivity,~] infit_OLS(fd, ay, mask_fd_pm & (Td>=0));
% [meanN_sensitivity,~ linfit_OLS(fd, ay, mask_fd_pm & (Td<=0));

— ||
I =

% (P6i) dung local_slope thay vi mean(gradient(...))
slope_fdo P = local_slope(fd,ay, (abs(fd)<=bw_fd)&(Td>=0));
% slope_fdo_N = local_slope(fd,ay, (abs(fd)<=bw_fd)&(Td<=0));

[~,R2_II_inc] = linfit_Pearson(fd,ay, mask_fd_pm3 & inc);
% [~,R2_II_dec] = linfit_Pearson(fd,ay, mask_fd_pm3 & dec);

addRow('II', 'Mean sensitivity (+)','g/deg',meanP_sensitivity);
% addRow('II', 'Mean sensitivity (-)', 'g/deg',meanN_sensitivity);
addRow('II', 'Local_slope @SWA=@ (pos)','g/deg',slope_fde _P);

% addRow('II', 'Local_slope @SWA=0 (neg)','g/deg',slope_fdo_N);
addRow('II','Linearity R2 (Ay~SWA, inc)','-',R2_II inc);

% addRow('II', 'Linearity R2? (Ay~SWA, dec)','-',R2_II dec);

% ===== III) Torque vs Ay =====

% [torque_db_ay@,~,~] = deadband_y_at xo(ay,Td);
% [ay_db_Tde,~,~] = deadband_y_at_x0(Td,ay);

% area_Td_ay = polyarea([ay;ay(1)],[Td;Td(1)]);

% dSlope 6n dinh @@ & @#0.1 g (hdi quy + cla s6 thich nghi)
sOp = slope Td_wrt_ay_at(ay,Td, 0.0,+1);

% son = slope_Td wrt_ay at(ay,Td, 0.0,-1);

s@lp = slope_Td_wrt_ay at(ay,Td,+0.1,+1);

% s01ln = slope_Td_wrt_ay at(ay,Td,-0.1,-1);

% s@1 = mean([s@lp s@1n], 'omitnan');

% R% theo nhanh, gidi han |Ay|<0.15 g dé tranh deadband qua phang
centreAy = abs(ay) <= 0.15;

[~,R2_III_inc] = linfit_Pearson(ay,Td, centreAy & inc);
[~,R2_III_dec] = linfit_Pearson(ay,Td, centreAy & dec);

addRow('III', 'dTorque/dAy @Ay=0 (pos)','Nm/g',sop);
% addRow('III', 'dTorque/dAy @Ay=0 (neg)', 'Nm/g',son);
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addRow('III', 'dTorque/dAy @Ay=0.1 g (avg)', 'Nm/g',s0lp);

% addRow('III', 'dTorque/dAy @Ay=-0.1 g (avg)', 'Nm/g',s@ln);
addRow('III', 'Linearity R2 (Torque~Ay, inc)','-',R2_III inc);
% addRow('III', 'Linearity R2? (Torque~Ay, dec)','-',R2_III dec);
addRow('III', 'Peak |Ay|','g',max(abs(ay)));

addRow('III', 'Peak |Torque|','Nm',max(abs(Td)));

% ===== IV) Yaw vs SWA =====

% [yaw_ang_db,~,~] = deadband_x_at_ye(fd,yaw);

% area_yaw_fd = polyarea([fd;fd(1)], [yaw;yaw(1)]);
[~,R2_IV_inc] = linfit_Pearson(fd,yaw, mask_fd_pm3 & inc);
% [~,R2_IV_dec] = linfit_Pearson(fd,yaw, mask_fd_pm3 & dec);
% lag_yaw_fd = time_lag(fd,yaw,dt,1.0);

% (P6i) dung local_slope

addRow('IV','Yaw gain vs SWA (centre)','(deg/s)/deg', local_slope(fd,yaw,
mask_fd_pm3));

% addRow('IV','Yaw time lag vs SWA','s',lag yaw_fd);

addRow('IV', 'Linearity R2? (Yaw~SWA, inc)','-',R2_IV inc);

% addRow('IV','Linearity R? (Yaw~SWA, dec)','-',R2_IV_dec);

% ===== V) Yaw vs Torque =====

% [yaw_T _db,~,~] = deadband_x_at_yo(Td,yaw);

% area_yaw_Td = polyarea([Td;Td(1)],[yaw;yaw(1)]);
mask_Td = abs(Td) <= 0.3;

[~,R2_V_inc] = linfit_Pearson(Td,yaw, mask_Td & inc);
% [~,R2_V_dec] = linfit_Pearson(Td,yaw, mask_Td & dec);
% lag yaw_Td = time_lag(Td,yaw,dt,1.0);

% (P6i) dung local_slope

addRow('V','Yaw gain vs Torque (centre)','(deg/s)/Nm', local _slope(Td,yaw, mask_Td));
% addRow('V','Yaw time lag vs Torque','s',lag yaw_Td);

addRow('V'", 'Linearity R2? (Yaw~Torque, inc)','-',R2_V_inc);

% addRow('V','Linearity R? (Yaw~Torque, dec)','-',R2_V_dec);

%% 4) GHI EXCEL & IN
T = table(G,M,U,V, 'VariableNames',{ 'Group', "Metric', 'Unit', 'Value'});
writetable(T,outX1lsx, 'Sheet', 'Results’, 'WriteVariableNames',true);

fprintf('=== TRANSITION KPIs ===\n');

for i=1:height(T)

fprintf('%-2s | %-52s [%s] : %.6g\n',T.Group{i},T.Metric{i},T.Unit{i},T.Value(i));
end

fprintf('DPa luu: %s (sheet: Results)\n', outXlsx);

%% nested: thém hang

function local_add_row(g,m,u,v)

G{end+1,1}=g; M{end+1,1}=m; U{end+1,1}=u;

if isempty(v) || ~(isnumeric(v)&&isscalar(v)), V(end+1l,1)=NaN; else, V(end+1l,1)=v;
end

end

end

%% ================== HAM PHU TRQ ==================
function [i1,i2]=Ffirst_cycle_indices(fd)

fd=fd(:); z=find(fd(1l:end-1).*fd(2:end)<=0);

if numel(z)<2, il=[]; i2=[]; return; end
s=sign(fd(z+1)-fd(z)); i1=[]; i2=[];

for k=1:numel(z)-1

if s(k)~=0

j=find(s(k+1l:end)==s(k),1, 'first');

if ~isempty(j), il=z(k); i2=z(k+1+j-1); return; end
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end
end
end

function [slope,R2]=1linfit_OLS(x,y,mask)

x=x(mask); y=y(mask); if numel(x)<3, slope=NaN; R2=NaN; return; end
p=polyfit(x,y,1); slope=p(1); yf=polyval(p,x);

SSres=sum((y-yf).”2); SStot=sum((y-mean(y)).”2); R2=1-SSres/max(SStot,eps);
end

function [slope,R2]=1infit_Pearson(x,y,mask)

x=x(mask); y=y(mask); if numel(x)<3, slope=NaN; R2=NaN; return; end
p=polyfit(x,y,1); slope=p(1l); C=corrcoef(x,y); R2=C(1,2)"2;

end

% ---- local_slope: udc lugng do doc dac tinh x»y trong mask (OLS + smoothing tuy
chon) ----

function s = local_slope(x,y,mask)

X =x(:);y =y();

if nargin<3 || isempty(mask), mask = true(size(x)); end
x = x(mask); y = y(mask);

if numel(x) < 3, s = NaN; return; end

% Sap x&p theo x dé mugt én dinh theo bién doc 1lap
[xs,idx] = sort(x);

ys = y(idx);

% Smoothing nhe dé gidm nhidu

if exist('sgolayfilt','file') && numel(ys) >= 11

ys = sgolayfilt(ys,3,11);

elseif numel(ys) >= 5

ys = movmedian(ys,5);

end

p = polyfit(xs,ys,1);

s = p(1);

end

function [db,yl,y2]=deadband_y_at_x0(x,y)

x=x(:); y=y(:); i=find(x(1l:end-1).*x(2:end)<9);

if numel(i)<2, db=NaN; yl=NaN; y2=NaN; return; end
yl=interpl(x(i(1):i(1)+1),y(i(1):i(1)+1),0);
y2=interpl(x(i(2):i(2)+1),y(i(2):i(2)+1),0);
db=abs(y2-y1);

end

function [db,x1,x2]=deadband_x_at_yo(x,y)

x=x(:); y=y(:); i=find(y(1l:end-1).*y(2:end)<0);

if numel(i)<2, db=NaN; x1=NaN; x2=NaN; return; end
x1=interpl(y(i(1):i(1)+1),x(i(1):i(1)+1),0);
x2=interpl(y(i(2):1(2)+1),x(i(2):i(2)+1),0);
db=abs(x2-x1);

end

function lag s=time_lag(x,y,dt,maxLagsS)

x=x(:)-mean(x); y=y(:)-mean(y);
N=min(round(maxLagS/dt),floor(numel(x)/4)); if N<1, lag _s=NaN; return; end
[c,1]=xcorr(y,x,N, 'coeff'); [~,i]=max(c); lag_s=1(i)*dt;

end

function x_at_y=x_at_y_ target(x,y,yo0)

x=x(:); y=y(:);

i=find((y(1:end-1)<=y0 & y(2:end)>=y0) | (y(1l:end-1)>=y0 & y(2:end)<=y@),1,'first');
if isempty(i), x_at_y=NaN; else, x_at_y=interpl(y(i:i+1),x(i:i+1),y9); end

end
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function slope=slope_Td_wrt_ay_at(ay,Td,ay0,branchSign)
A=max(abs(ay)); if A==0, slope=NaN; return; end
bw=0.01*A; bw_max=0.10*A; Nmin=20; spreadMin=0.02; % g
ok=(branchSign>0 & Td>=0) | (branchSign<@ & Td<=0);
slope=NaN;

while bw<=bw_max

m=ok & abs(ay-ay@)<=bw; x=ay(m); y=Td(m);

if numel(x)>=Nmin && (max(x)-min(x)>=spreadMin)

if exist('sgolayfilt','file') && numel(y)>=11, y=sgolayfilt(y,3,11); end
p=polyfit(x,y,1); slope=p(1l); return;

end

bw=bw*1.5;

end

end

function r=safe_ratio(a,b)
if ~isfinite(a)||~isfinite(b)||b==0, r=NaN; else, r=abs(a)/abs(b); end
end

5.2.5. Thir nghiém danh gia cam giac 14i quay vong tai chd (Steering effort test at
standstill)

%% Carsim_Turninginplace_KPI.m

Tinh KPI Turning-in-place cho E-class, rack&pinion, C-EPS
DU LIEU YEU CAU TRONG MAT:

Time_data (s), Td_data (Nm), fddeg data (deg)

(ayc_data, dpsic_data khéng dung trong KPI nay)

32 32 3 3% 3¢ 3¢

Output: Excel 1 sheet, cac KPI theo cét doc.

% clear; clc;

%% ===== Tham s6 ngudi dung (c6 thé chinh) =====
matfile = 'Carsim_Turninginplace_V@.mat'; % tén file .mat
outxlsx = 'Carsim_Turninginplace VO KPI.xlsx'; % file Excel xudt két qua

use_full _range = false; % =true: dung toan dai thoi gian trong file
a = 10; % [s] néu use_full _range=false
20; % [s]

(o n
1}

%% ===== @) Nap dit liéu =====

S = load(matfile);

Time = S.Timec_data(:);

Td = S.Tdc_data(:); % Steering torque [Nm]

S.fdc_data(:); % Steering wheel angle [deg]

% ay = S.ayc_data(:); % lateral accel [g] (khbng dung KPI nay)
% yaw = S.dpsic_data(:); % yaw rate [deg/s] (khéng dung KPI nay)

_h
Q.
1}

% Chudn hod chiéu dai & thoi gian tang dan

N = min([numel(Time), numel(Td), numel(fd)]);

Time = Time(1:N); Td = Td(1:N); fd = fd(1:N);

[Time, ix] = sort(Time, 'ascend'); Td = Td(ix); fd = fd(ix);

% Chon khoang [a,b]

if use_full _range

a = Time(1l); b = Time(end);

end

maskAB = (Time >= a) & (Time <= b);

Time = Time(maskAB); Td = Td(maskAB); fd = fd(maskAB);

if numel(Time) < 2, error('Khodng [a,b] qua ngan hodc dir 1liéu tréng.'); end
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dt = median(diff(Time));

%% ===== 1) Clra s6 *max(|fd|): stiffness full-range theo nhdnh =====
max_fd = max(abs(fd));
bw_fd = max_fd; % dung toan bd dai géc 1lai

% Tach nhanh theo chiéu chuyén déng (df/dt) va theo d&u mé men
dfdt = [diff(fd)./diff(Time); @]; % dao ham s6 cua SWA theo th&i gian

% Nhanh duwong: Td >= @, fd trong tmax_fd, dang tang

maskl = (fd >= -bw_fd) & (fd <= bw_fd) & (Td >= 0) & (dfdt >= 0);
fd_f1 = fd(maskl);

Td_f1 = Td(maskl);

if ~isempty(Td_f1)

% DO clrng trung binh full-range (fit tuyén tinh) phia duong
stiff_fullrange_pos = local_slope(fd_f1, Td_f1); % [Nm/deg]

else

stiff_fullrange_pos = NaN;

end

% Nhanh am: Td <= @, fd trong tmax_fd, dang giam

mask2 = (fd >= -bw_fd) & (fd <= bw_fd) & (Td <= 0) & (dfdt <= 0);
fd_f2 = fd(mask2);

Td_f2 = Td(mask2);

if ~isempty(Td_f2)

% DO ciing trung binh full-range (fit tuyén tinh) phia am
stiff_fullrange_neg = local_slope(fd_f2, Td_f2); % [Nm/deg]

else

stiff_fullrange_neg = NaN;

end

%% ===== 2) Stiffness (+/-) trong |SWA| < @.01*max_fd° (near-zero) =====
% (tach nhanh theo chiéu chuyén déng va diu mé men)
dfdt = [diff(fd)./diff(Time); @]; % dao ham s6 cua SWA theo th&i gian

% Nhanh duong: fd € [0, 0.01*max_fd], dang tang (df/dt >= 0) va Td >= @
mask3p = (fd >= @) & (fd <= 0.01*max_fd) & (dfdt >= 0) & (Td >= 0);
% Nhanh am : fd € [-@0.01*max_fd, 0], dang giam (df/dt <= @) va Td <= @
mask3n = (fd <= 0) & (fd >= -0.01*max_fd) & (dfdt <= 0) & (Td <= 0);

stiff_pos = local_slope(fd(mask3p), Td(mask3p)); % [Nm/deg]
stiff_neg = local_slope(fd(mask3n), Td(mask3n)); % [Nm/deg]
asym_ratio = stiff_pos / stiff_neg;

%% ===== 3) Torque deadband tai SWA=@ (hai giao diém) =====
cross_indices = find(fd(1:end-1).*fd(2:end) < 0); % cac lan qua 0°
Td_ate = [];

for k = 1l:numel(cross_indices)

i = cross_indices(k);

x = fd(i:i+1); y = Td(i:i+1);

if diff(x) ~= 0

Td_ate(end+1,1) = interpl(x, y, 0); %t#ok<SAGROW>

end

end

if numel(Td_ate) >= 2

torque_deadband = mean(abs(diff(Td_at@))); % [Nm]

else

torque_deadband = NaN;

end

%% ===== 4) Loop area (Steering work per cycle) [J] =====
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% céng = $ Td d6 (® tinh bang rad). Tinh trung binh theo chu ky ©.2 Hz.
[~,1locP] = findpeaks(Td, 'MinPeakDistance',max(2,round(0.6/(0.2)/dt)));
if numel(locP) < 2

% fallback: dung cac diém Td d6i d&u am->duong

locP = find(Td(1:end-1)<=0 & Td(2:end)>0);

end

areas = [];

for k = 1:numel(locP)-1

idx = locP(k):locP(k+1);

if numel(idx) < 5, continue; end

theta = deg2rad(fd(idx));

torque = Td(idx);

% Tinh xdp xi tich phan hinh thang

areas(end+1,1) = sum( ©.5*(torque(1l:end-1)+torque(2:end)) .*
diff(theta) ); %#ok<SAGROW>

end

if ~isempty(areas)

loop_area_J = mean(abs(areas));

else

loop_area_J = NaN;

end

%% ===== 5) Max |Torque| ; Max |SWA| =====

max_abs_torque = max(abs(Td));
max_abs_SWA = max(abs(fd));

%% ===== 6) Linearity R? (inc/dec) trong #3° =====

maskLin = abs(fd) <= 3;

R2_inc = local_r2(fd(maskLin & dfdt>=0), Td(maskLin & dfdt>=0));
R2_dec = local_r2(fd(maskLin & dfdt<=0), Td(maskLin & dfdt<=0));

%% ===== 7) Time lag Td & SWA (tinh toan clra s8) =====
if numel(Time) > 10
[xc,lags] = xcorr(detrend(Td), detrend(fd), 'coeff');

[~,imax] = max(xc);

time_lag = lags(imax)*dt; % [s]

else

time_lag = NaN;

end

%% ===== 8) In ra man hinh (cot doc) =====

fprintf('\n===== Turning-in-place KPI (file: %s, a=%.3f s, b=%.3f s) =====\n',

matfile, a, b);

print_kv('1l Steering stiffness (+) |SWA|<0.01*max_fd° [Nm/deg]', stiff_pos);
print_kv('2 Steering stiffness (-) |SWA|<0.01*max_fd°® [Nm/deg]', stiff_neg);
print_kv('3 Steering stiffness (+) full range [Nm/deg]', stiff_fullrange_pos);
print_kv('4 Steering stiffness (-) full range [Nm/deg]', stiff fullrange_neg);
print_kv('5 Left-right stiffness asymmetry [-]' , asym_ratio);

print_kv('6 Steering work per cycle [J]' , loop_area_J);

print_kv('7 Linearity R”2 within #3° (inc) [-]' , R2_inc);

print_kv('8 Linearity R”2 within +3° (dec) [-]' , R2_dec);

print_kv('9 Steering friction-Torque deadband [Nm]' , torque_deadband);
print_kv('10 Maximum torque [Nm]' , max_abs_torque);

print_kv('11l Maximum steering angle [deg]' , max_abs_SWA);

print_kv('12 Td-SWA time lag per window [s]' , time_lag);

%% ===== 9) Ghi Excel (mdot sheet, co6t doc) =====
Metric = {

'Steering stiffness (+) |SWA|<=0.01*max_fd°® [Nm/deg]'
'Steering stiffness (-) |SWA|<=@.01*max_fd°® [Nm/deg]'
'Steering stiffness (+) full range [Nm/deg]’
'Steering stiffness (-) full range [Nm/deg]’
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'Left-right stiffness asymmetry [-]'
‘Steering work per cycle [J]'

‘Linearity R”2 within #3° (inc) [-]'
"Linearity R”2 within +3° (dec) [-]'
'Steering friction - Torque deadband [Nm]'
‘Maximum torque [Nm]'

‘Maximum steering angle [deg]'

‘Steering torque - Steering angle time lag [s]
s

Value = [

stiff_pos;

stiff_neg;

stiff_fullrange_pos;

stiff_fullrange_neg;

asym_ratio;

loop_area_J;

R2_inc;

R2_dec;

torque_deadband;

max_abs_torque;

max_abs_SWA;

time_lag];

T = table(Metric, Value);

writetable(T, outxlsx, 'Sheet', 1, 'WriteMode', 'overwritesheet');

%% ======= Helpers =======

function s = local_slope(x,y)

% Slope trung binh trong khoang bang polyfit bac 1 (OLS, én dinh)
% C6 fallback sang mean(gradient) khi di¥ 1iéu qué it/bién thién qua nho.
x=x(:); y =y();

ok = isfinite(x) & isfinite(y);

x = x(ok); y = y(ok);

if numel(x) >= 5 && range(x) > le-9

p = polyfit(x,y,1);

s = p(1);

elseif numel(x) >= 2

s = mean(gradient(y,x), 'omitnan');

else

s = NaN;

end

end

function R2 = local r2(x,y)

% Tinh R"2 cla fit tuyén tinh y ~ x
x=x(:);y =y(:);

ok = isfinite(x) & isfinite(y);

x = x(ok); y = y(ok);

if numel(x) < 3 || range(x) < 1e-9
R2 = NaN; return;
end

p = polyfit(x,y,1);

yhat = polyval(p,x);

SSres = sum((y - yhat).”2);

SStot = sum((y - mean(y)).”2);

R2 = 1 - SSres / max(SStot, eps);
end

function print_kv(name, val)

% In key-value gon gang, chiu duoc NaN, [], string/missing
if isnumeric(val)

if isempty(val)

fprintf('%-45s : %s\n', name, 'NA');
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elseif isscalar(val)

fprintf('%-45s : %g\n', name, val); % %g in dugc NaN/Inf
else

fprintf('%-45s : %s\n', name, num2str(val));

end

elseif ischar(val)

if isempty(val)

fprintf('%-45s : %s\n', name, 'NA');

else

fprintf('%-45s : %s\n', name, val);

end

elseif isstring(val)

if ismissing(val) || strlength(val)==0

fprintf('%-45s : %s\n', name, 'NA');

else

fprintf('%-45s : %s\n', name, char(val)); % ép vé char dé an toan
end

else

% Fall back: c& gang chuyén sang chudi, néu van 18i -» NA
try

fprintf('%-45s : %s\n', name, char(string(val)));

catch

fprintf('%-45s : %s\n', name, 'NA');

end

end

end

% Y% Yo==========

%% Simulink_Turninginplace_KPI.m

% Tinh KPI Turning-in-place cho E-class, rack&pinion, C-EPS
% DU LIEU YEU CAU TRONG MAT:

% Time_data (s), Td_data (Nm), fddeg data (deg)

% (ayc_data, dpsic_data khong dung trong KPI nay)

%

% Output: Excel 1 sheet, cac KPI theo cot doc.

% clear; clc;

%% ===== Tham s& ngudi dung (c6 thé chinh) =====

matfile = 'EX_Full_Turninginplace_VO@.mat'; % tén file .mat

outxlsx = 'Simulink_Turninginplace_VO@_KPI.xlsx'; % file Excel xuat két qua

use_full range = false; % =true: dung toan dai thoi gian trong file
a = 2.5; % [s] néu use_full range=false
b =10; % [s]

%% ===== @) Nap dit liéu =====

S = load(matfile);

Time = S.Time_data(:);

Td = S.Td_data(:); % Steering torque [Nm]

fd = S.fddeg_data(:); % Steering wheel angle [deg]

% ay = S.ayc_data(:); % lateral accel [g] (khbng dung KPI nay)
% yaw = S.dpsic_data(:); % yaw rate [deg/s] (khdéng dung KPI nay)

% Chudn hod chiéu dai & thoi gian tang dan

N = min([numel(Time), numel(Td), numel(fd)]);

Time = Time(1:N); Td = Td(1:N); fd = fd(1:N);

[Time, ix] = sort(Time, 'ascend'); Td = Td(ix); fd = fd(ix);

% Chon khoang [a,b]

if use_full_range

a = Time(1l); b = Time(end);
end
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maskAB = (Time >= a) & (Time <= b);
Time = Time(maskAB); Td = Td(maskAB); fd = fd(maskAB);

if numel(Time) < 2, error('Khodng [a,b] qua ngan hodc dit 1iéu tréng.'); end
dt = median(diff(Time));

%% ===== 1) Clra s6 *max(|fd|): stiffness full-range theo nhdnh =====
max_fd = max(abs(fd));
bw_fd = max_fd; % dung toan bd dai géc 1lai

% Tach nhanh theo chiéu chuyén doéng (df/dt) va theo diu mé men
dfdt = [diff(fd)./diff(Time); @]; % dao ham s6 cua SWA theo th&i gian

% Nhanh duong: Td >= @, fd trong tmax_fd, dang tang

maskl = (fd >= -bw_fd) & (fd <= bw_fd) & (Td >= @) & (dfdt >= 0);
fd_f1 = fd(maskl);

Td_f1 = Td(maskl);

if ~isempty(Td_f1)

% DO clng trung binh full-range (fit tuyén tinh) phia duong
stiff_fullrange_pos = local_slope(fd_f1, Td_f1); % [Nm/deg]

else

stiff_fullrange_pos = NaN;

end

% Nhanh am: Td <= @, fd trong tmax_fd, dang giam

mask2 = (fd >= -bw_fd) & (fd <= bw_fd) & (Td <= 0) & (dfdt <= 0);
fd_f2 = fd(mask2);

Td_f2 = Td(mask2);

if ~isempty(Td_f2)

% DO ciing trung binh full-range (fit tuyén tinh) phia am
stiff_fullrange_neg = local_slope(fd_f2, Td_f2); % [Nm/deg]

else

stiff_fullrange_neg = NaN;

end

%% ===== 2) Stiffness (+/-) trong |SWA| < @.01*max_fd° (near-zero) =====
% (tach nhanh theo chiéu chuyén déng va diu mé men)
dfdt = [diff(fd)./diff(Time); ©]; % dao ham s6 cla SWA theo thoi gian

% Nhanh duong: fd € [0, 0.01*max_fd], dang tang (df/dt >= @) va Td >= 0
mask3p = (fd >= 0) & (fd <= 0.01*max_fd) & (dfdt >= 0) & (Td >= 0);
% Nhanh am : fd € [-@.01*max_fd, 0], dang giam (df/dt <= @) va Td <= @
mask3n = (fd <= 0) & (fd >= -0.01*max_fd) & (dfdt <= 0) & (Td <= 0);

stiff_pos = local_slope(fd(mask3p), Td(mask3p)); % [Nm/deg]
stiff_neg = local_slope(fd(mask3n), Td(mask3n)); % [Nm/deg]
asym_ratio = stiff_pos / stiff _neg;

%% ===== 3) Torque deadband tai SWA=@ (hai giao diém) =====
cross_indices = find(fd(1:end-1).*fd(2:end) < @); % cac lan qua ©°
Td_ate = [];

for k = 1:numel(cross_indices)

i = cross_indices(k);

x = fd(i:i+1); y = Td(i:i+1);

if diff(x) ~= 0

Td_ate(end+1,1) = interpl(x, y, 0); %t#tok<SAGROW>
end

end

if numel(Td_ate) >= 2

torque_deadband = mean(abs(diff(Td_at@))); % [Nm]
else

torque_deadband = NaN;
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end

%% ===== 4) Loop area (Steering work per cycle) [J] =====

% cong = $ Td d6 (B tinh bang rad). Tinh trung binh theo chu ky ©.2 Hz.
[~,1locP] = findpeaks(Td, 'MinPeakDistance',max(2,round(0.6/(0.2)/dt)));
if numel(locP) < 2

% fallback: dung cac diém Td d8i dau am->duong

locP = find(Td(1:end-1)<=0 & Td(2:end)>0);

end

areas = [];

for k = 1:numel(locP)-1

idx = locP(k):locP(k+1);

if numel(idx) < 5, continue; end

theta = deg2rad(fd(idx));

torque = Td(idx);

% Tinh xdp xi tich phan hinh thang

areas(end+1,1) = sum( ©.5*(torque(l:end-1)+torque(2:end)) .*
diff(theta) ); %#ok<SAGROW>

end

if ~isempty(areas)

loop_area_J = mean(abs(areas));

else

loop_area_J = NaN;

end

%% ===== 5) Max |Torque| ; Max |SWA| =====

max_abs_torque = max(abs(Td));
max_abs_SWA = max(abs(fd));

%% ===== 6) Linearity R2? (inc/dec) trong +3° =====

maskLin = abs(fd) <= 3;

R2_inc = local_r2(fd(maskLin & dfdt>=0), Td(maskLin & dfdt>=0));
R2_dec = local_r2(fd(maskLin & dfdt<=0), Td(maskLin & dfdt<=0));

%% ===== 7) Time lag Td ¢ SWA (tinh toan clra s8) =====
if numel(Time) > 10
[xc,lags] = xcorr(detrend(Td), detrend(fd), 'coeff');

[~,imax] = max(xc);

time_lag = lags(imax)*dt; % [s]

else

time_lag = NaN;

end

%% ===== 8) In ra man hinh (c6t doc) =====

fprintf('\n===== Turning-in-place KPI (file: %s, a=%.3f s, b=%.3f s) =====\n',

matfile, a, b);

print_kv('1l Steering stiffness (+) |SWA|<0.01*max_fd° [Nm/deg]', stiff_pos);
print_kv('2 Steering stiffness (-) |SWA|<0.01*max_fd° [Nm/deg]', stiff_neg);
print_kv('3 Steering stiffness (+) full range [Nm/deg]', stiff_fullrange_pos);
print_kv('4 Steering stiffness (-) full range [Nm/deg]', stiff_fullrange_neg);
print_kv('5 Left-right stiffness asymmetry [-]' , asym_ratio);

print_kv('6 Steering work per cycle [J]' , loop_area_Jl);

print_kv('7 Linearity R”2 within #3° (inc) [-]' , R2_inc);

print_kv('8 Linearity R”2 within +3° (dec) [-]' , R2_dec);

print_kv('9 Steering friction-Torque deadband [Nm]' , torque_deadband);
print_kv('10 Maximum torque [Nm]' , max_abs_torque);

print_kv('11 Maximum steering angle [deg]' , max_abs_SWA);

print_kv('12 Td-SWA time lag per window [s]' , time_lag);

%% ===== 9) Ghi Excel (mdt sheet, cd6t doc) =====
Metric = {
'Steering stiffness (+) |SWA|<=0.01*max_fd° [Nm/deg]'
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'Steering stiffness (-) |SWA|<=0.01*max_fd° [Nm/deg]'
‘Steering stiffness (+) full range [Nm/deg]'
‘Steering stiffness (-) full range [Nm/deg]'
'Left-right stiffness asymmetry [-]'

'Steering work per cycle [JI]'

‘Linearity R”2 within #3° (inc) [-]'
‘Linearity R”2 within +3° (dec) [-]'

‘Steering friction - Torque deadband [Nm]'
'Maximum torque [Nm]'

"Maximum steering angle [deg]'

‘Steering torque - Steering angle time lag [s]
}s

Value = [

stiff_pos;

stiff_neg;

stiff_fullrange_pos;

stiff_fullrange_neg;

asym_ratio;

loop_area_J;

R2_inc;

R2_dec;

torque_deadband;

max_abs_torque;

max_abs_SWA;

time_lag];

T = table(Metric, Value);

writetable(T, outxlsx, 'Sheet', 1, 'WriteMode', 'overwritesheet');

%% ======= Helpers =======

function s = local_slope(x,y)

% Slope trung binh trong khoang bang polyfit bac 1 (OLS, én dinh)
% C6 fallback sang mean(gradient) khi di¥ 1iéu qué it/bién thién qua nho.
X =x(:);y =y();

ok = isfinite(x) & isfinite(y);

x = x(ok); y = y(ok);

if numel(x) >= 5 && range(x) > le-9

p = polyfit(x,y,1);

s = p(1);

elseif numel(x) >= 2

s = mean(gradient(y,x), 'omitnan');

else

s = NaN;

end

end

function R2 = local_r2(x,y)

% Tinh R”"2 cla fit tuyén tinh y ~ x
x=x(:);y =y(:);

ok = isfinite(x) & isfinite(y);

x = x(ok); y = y(ok);

if numel(x) < 3 || range(x) < 1e-9
R2 = NaN; return;
end

p = polyfit(x,y,1);

yhat = polyval(p,x);

SSres = sum((y - yhat).”2);

SStot = sum((y - mean(y)).”2);

R2 = 1 - SSres / max(SStot, eps);
end

function print_kv(name, val)
% In key-value gon gang, chiu dugc NaN, [], string/missing
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if isnumeric(val)

if isempty(val)

fprintf('%-45s : %s\n', name, 'NA');

elseif isscalar(val)

fprintf('%-45s : %g\n', name, val); % %g in dugc NaN/Inf
else

fprintf('%-45s : %s\n', name, num2str(val));

end

elseif ischar(val)

if isempty(val)

fprintf('%-45s : %s\n', name, 'NA');

else

fprintf('%-45s : %s\n', name, val);

end

elseif isstring(val)

if ismissing(val) || strlength(val)==0

fprintf('%-45s : %s\n', name, 'NA');

else

fprintf('%-45s : %s\n', name, char(val)); % ép vé char dé an toan
end

else

% Fall back: c& gang chuyén sang chudi, néu van 18i - NA
try

fprintf('%-45s : %s\n', name, char(string(val)));

catch

fprintf('%-45s : %s\n', name, 'NA');

end

end

end

5.2.6. Thir nghiém danh gia cam giac lai véi tin hi€u budc (Step steering input test)
function CS_Step GBT6323(win_a, win_b)

% Step-Steer (¥ MELAMIKIA) - GB/T 6323-2014

% Tinh cac chi tiéu: o (Eq.7), E_r (Eq.8), E_ay (Eq.9) + chi tiéu bd sung

% Nguon dir 1iéu: Carsim_Step_V30.mat
% Xudt: Carsim_Step V3@.xlsx (1 sheet, 1 cot doc)

0.9; end
inf; end

if nargin<l, win_a
if nargin<2, win_b

inFile = 'Carsim_Step_N_V100 _T4.506.mat’;
outFile = 'Carsim_Step_N_V100_T4.506.x1sx"';

g = 9.80665; % m/s"2 per g

dtMax = 0.2; % yéu cau tiéu chudn: At <= 0.2 s

% mmmmmmmm- boc dir 1iéu ----------
S = load(inFile);

% Kiém tra sy ton tai cla cac bién can thiét

if ~isfield(S, 'Timec_data') || ~isfield(S, 'Tdc_data') ||
~isfield(S, 'fdc_data') || ~isfield(S, 'ayc_data') || ...
~isfield(S, 'dpsic_data')

error('Khong tim thdy cac bién can thiét trong file .mat.');
end

% Doc cac tin hiéu tu file

t = S.Timec_data(:); % Thai gian md phdng (s)
T _sw = S.Tdc_data(:); % M6 men 1lai (Nm)

SW = S.fdc_data(:); % Goc 1lai (deg)

ayg = S.ayc_data(:); % Gia téc ngang (g)
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r = S.dpsic_data(:); % Van toc gbéc xoay than xe (deg/s)

% ---------- Clra s6 [a,b] ----------

if ~isfinite(win_b), win_b = t(end); end

msk = (t >= win_a & t <= win_b);

t = t(msk); T_sw = T_sw(msk); SW = SW(msk); ayg = ayg(msk); r = r(msk);

% Kiém tra gia tri md men sau khi cat dir 1iéu
fprintf('Max |T_sw| trong clra sé phan tich: %.4f\n', max(abs(T_sw)));

% ---------- Phat hién thoi diém bat dau budc (t@ theo 5% SW) ----------
n@ = max(3, round(8.1 * numel(t)));
nf = max(3, round(@8.1 * numel(t)));

SWi = mean(SW(1:n@)); % trudc budc
SWf = median(SW(end-nf+l:end)); % cubi
dSW = SWf - SWi; sgn = sign(dSW); assert(sgn ~= 0, 'Khoéng phat hién budc SW');

SW_05 = SWi + 0.05 * dSW; SW_95 = SWi + ©0.95 * dSW;
t0 = firstCrossing(t, SW, SW_@5, sgn); % thoi diém 5%
t95 = firstCrossing(t, SW, SW_95, sgn); % th&i diém 95% SW

% mmmmmmmm- Gid tri steady ----------

steadyStart = t95 + ©0.3; % sau 0.3 s ké tir 95% SW

ssMask = (t >= steadyStart);

if nnz(ssMask) < 5, ssMask = t >= t(round(©.8 * numel(t))); end

re = mean(r(ssMask)); % ro: steady yaw-rate (Eq.7,8)

ay0 = mean(ayg(ssMask)) * g; % ay@: steady lateral accel (m/s”2) (Eq.9)

% =mmmmmmm - M&c thoi gian k&t thiuc dé tinh E_r, E @y ----------

Ts_5 = settlingTime(t, r, ro, toO, 0.05); % +5% band

if isnan(Ts_5), t_end = t(find(t >= steadyStart, 1, 'last')); else, t_end = t0 + Ts_5;
end

% Dam bao At khéng vugt 0.2s: resample néu can
[tR, SWR, rR, ayR] = resampleIfNeeded(t, SW, r, ayg * g, t0, t_end, dtMax);

% ---------- Cac chi tiéu chinh thic theo tiéu chuadn ----------
% (7) 6 = (r_max - r@)/ro * 100%

post = t >= to;

r_peak = (sgn >= @) * max(r(post)) + (sgn < @) * min(r(post));
sigma_perc = max(@, (r_peak - r@) / max(le-9, abs(re))) * 100;

% (8) E_r = X ((6_swk/6_swo - r_k/re)~2) * At

delta_hat = (SWR - SWi) / dSW; % chudn hoa theo téng budc 6_swe
r_hat = rR / max(1le-9, ro);

Er = trapz(tR, (delta_hat - r_hat).”2);

% (9) E_ay = X ((6_swk/6_swo - ay_k/aye)~2) * At
if abs(ay@) < 1le-9

Eay = NaN; % khéng xac dinh néu ayo = ©

else

ay_hat = ayR / ayo;

Eay = trapz(tR, (delta_hat - ay_hat).”2);

end

A Cac chi tiéu bd sung cho tuning (tham khdo) ----------
% Thoi gian 10/50/90% (tinh theo r)

rl@ = interpTimeFrac(t, r, ro, to, 0.10, sgn);

r50 = interpTimeFrac(t, r, ro, te, 0.50, sgn);

ro9e = interpTimeFrac(t, r, re, to, 0.90, sgn);

Rise_T10_T90 = r90 - rio;

lag s = timeLag_xcorr(t, SW, r);
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T_sw_peak = max(abs(S.Tdc_data(:)));

% —-==------ Xuadt két qua ----------

names = {

'File nguodn';

'Clra s6 phan tich [a b] (s)';

't0 (s) — thoi diém 5% SW';

'6_swl@ — bién do budc (deg)';

'r@ — yaw-rate steady (deg/s)';

'ay@ — lateral accel steady (m/s”2)';

‘0 — overshoot of yaw rate (%) (Eq.7)';

"E_r — téng phuong sai yaw rate (s) (Eq.8)';

'E_ay — téng phuong sai lateral accel (s) (Eq.9)';
'T10 (s)'; 'T50 (s)'; 'T90 (s)'; 'Rise T10-T90 (s)';
'Phase time lag SW-r (s)';

'"Peak |T_sw| (Nm)';

}s

vals = {

inFile;

sprintf('[%.3f %.3f]"', win_a, win_b);
to;

dSW;

ro;

ayo;

sigma_perc;

Er;

Eay;

rlo; r50; r99; Rise_T10_T90,
max(lag_s, 0);

T_sw_peak;

s

fprintf('=== KET QUA STEP-STEER (GB/T 6323-2014) ===\n');
for i = 1l:numel(names)

if ischar(vals{i})

fprintf('%-52s : %s\n', names{i}, vals{i});

else

fprintf('%-52s : %.6g\n', names{i}, vals{i});

end

end

T = table(string(names), vals, 'VariableNames', {'Chi_tieu', 'Gia_tri'});
writetable(T, outFile, 'Sheet', 'Results', 'WriteMode', 'overwritesheet');
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