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Conceptual Design and Analysis of a Torque Vectoring

Differential with Electric Hybrid Functionality

Cheng-Kai Lin

Abstract

A motor-controlled torque-vectoring differential with electric hybrid functionality
(Hybrid Torque-vectoring Differential, H-TD) is proposed in this study. The structure of
H-TD is based on an open differential with a planetary gear set, an electric motor, a clutch
brake, and a clutch to achieve both torque-vectoring and hybrid functionality. The
mechanism can utilize electric motor to distribute torque between two output shafts, or
use motor to provide additional power. This study first comes up with a conceptual
prototype of H-TD, then uses mechanism topology to search all possible configurations
within a certain range to find the best-suited mechanism for the system. Next, this study
presents a conceptual spatial layout for the system, and proposes the operation modes of
the system, as well as the control strategy. Afterwards, this study uses optimum design
method to obtain design parameters of the system. Following is discussion about possible
powertrain configurations of H-TD on four-wheeled vehicles, and derivation of the
dynamic model for each configuration. After completing the conceptual design of H-TD,
this study uses a numerical simulation program, which includes a replaceable driver
model, a power distribution model, a tire model, and a vehicle dynamic model, to obtain
vehicle dynamic performance under different system operating modes and driving
situations. The simulation scenarios include single wheel slipping while driving, constant
cornering, single-wheel-slip constant cornering, slipping during acceleration, hybrid
power acceleration, and hybrid regenerative mode. Simulation results show that H-TD
proposed in this study is capable of maintaining better tractive force when the vehicle
encounters slipping, and improving the cornering performance. In addition, H-TD can

provide better power performance and energy management due to its hybrid functionality.

Key words: mechanism topology, torque vectoring, hybrid power, optimum design,

vehicle dynamic model, numerical simulation
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FEPH BECRREAE S TP RAYC Y % - L BT 7k
Hfhs L P ER L 2B AKIRR -

2008 # Politecnico di Milano = GTV Vehicle Dynamics[8]f7 = > M fla = £0 &
Tz 4 A fedtd d@iac e T 7 0 A F BEor AR F24] yaw moment 3k 2T 2
B AROE RN AT T B0 PR 2 K A 4B B 4 o7 8

RE St VES I SER i3 A s o (1 S

2004 # % B Dana Incorporated[9]# ! 7 — 2tdx 4 4 fie £ :# E( Torque Vectoring

To
Differential, TVD ) » »* 80P L3¢ B 5 Ad & bz vl diphd p v dre B
Tl L e 4 o

2005 & p 4 Mitsubishi Motors # ! Super All Wheel Control (S-AWC) [10] %
Fuoo gt kX4 7 Mitsubishi Motors #7 p {7 % B 2. Active Center Differential
(ACD)[11] ~ Active Yaw Control (AYC) [6] ~ Active Stability Control (ASC) [12] ~
r1 2 Antilock Brake System (ABS ) st & St & & piine N2 o2 d2 4 &
ferd 2 A8 Frd) > R¥FD §mie 7 22 =2 # 474 > Mitsubishi Motors & £ S-AWC
AT oo B g2 Spd e iy~ 2 B R R o

2005 & p 4 Honda Motor Company # ! 7 Super Handling-All Wheel Drive[13]
(SH-AWD) » g* o suirig % chjz 4 rfefid B 8- R AR FHA L LEF
Z@ A A s B ARG Y Ao AR KRBHERIER S > T
et KR - e PR FR A SR £ B E Bib I
v oo

2011 # 467 Audi 572 % A6 i¢ * 1 % % Sport Differential[ 14] = 4 4 fie £ 1%
T B RS L R R AR B S £
ARAE SRR T R FIR R A 4 e

2012 # p 4~ Honda Motor Company /4 SH-AWD 5 A # > #% 11 7 Sport Hybrid
Super Handling-All Wheel Drive[15] ( Sport Hybrid SH-AWD ) » 7 ¢ >% % 2. SH-
AWD > i ¥ & Twin Motor Unit & * & $g b= 47412 8 538 (7 & & B 1
MEHEe R FL TR o A RN I 2 R 2 R R R LR
LR ZF gy 0 [T B ﬁiﬁi 23l EFd 4 AR ER A ko

3
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2016 & M3 Z[16]% & 17 it 4 B (Function Power Graph) = /2 » ¥ * H 4

151 S AR L BB B %o {3 ehdk g I A S a4 BEM G o

2016 & £ & R[17]%-p = i&;}é ZEL B2 4 A\jﬁo* L@ B AN I8
HEFH2Z LB FECER AL B RERERAFES AR LEE
§F s g RAEAL -

2016 & Cavie[18]# 1~ B HIFS Eipflo e A Ld B> Hd Btz
ARzt BERE RIS S

2017 # % i= & [19]4345 Cavi¢ #ri% d12 TVD el fFec 2 - 2 5 E i

i
2 A oA E R TR - AR T oD 2 el N .

122 medd 45

/

RE RF -ERELGS A $4 Ripd 4 Ly w2 R ER S ki
—HERF L2 RLER A KRS LT ARBE NSRBI FRS P TRE AR
[20] » &% e MR 1 SR FFIRTHLRED o NORPIER P
M3 A ed g s T F R B mengand 3 R Tt 17 L R ehsl
FEPEBfRR Y - A Rpto R PRI FRIEAT Y AR LT REN
WAEEE S Flm A4 0 R TR ED P A[21] o

FEFR U RROFE DRI FEFF R 5 BB gRAN LT 1 R

TR B RR B DAL GRS AT LA kTR D I

N

R T R S TAL 0 & BIRR 4T g E&f&ﬁ?«’fﬁ"’i%—*ﬁnﬂt“ﬁiﬁi
[

IERRFLNF LRI NIRRT P e TR R

SR SERE A S R Sk ELARESE 3 = B ade iR b4 B gRiE
LD g EA- R liﬁﬁéﬁéﬁﬁi'ﬁﬁiiQ@J%%’F%ﬁﬂ

ﬁﬁgﬁiﬁ%ﬁﬁ’ﬁﬁéﬂ B2 AEIER2Z T RE K TP A~
Toyota #7 Toyota Hybrid System ( THS) [22] ~ F # Honda = intelligent Dual Clutch
Drive (i-DCD )[23] ~ intelligent Multi Mode Drive (i-MMD ) [24] ~ # B General Motors

e Two mode[25] % % -
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,Mr‘ Ji?ﬁ%swfflléqr Pl E N iRZ P SEERLAR T ,fi,.“fuff‘?%‘g
G- BRI SR F ﬁiﬁf{ﬁ“’i'bﬂﬁ L, .

2009 # 5 46 ® BMW 3 4 T8 £ §a @ i8[26] 14w #hg 4 Bpds ~ 14 #hs | & 5%
ﬁ'i”‘ P ﬁ"’ —r—f?iﬁ g’iﬂi ﬁ"’ Hx—, °

%,

2014 & > zH & Volvo #% ! Twin Engine Hybrid /& % /2 & # 4 % %[27] » (& 1
BRI PRt ] S e 3 R B b2 A SR D I
L 4F ey £ 90 -

2015 # > p » Honda #4g %5 & NSX # * Sport Hybrid SH-AWD ;& & #+ 4 2
f?[lS] v Fgh i d 3 3E 5 iE 2 A 2. Twin Motor Unit S5 » {3 fhp] 1o p Se 4451 & 35
fo— BESRd > AR = B2 B Ed 4 FHE H ¢ 7 $#hz. Twin Motor Unit f
HEpA rRZFN IV NESEELS2ZHFRS R EE S K T R

3 Axp o

1-2-3 -] &

Y

d 3‘5;3_@;]%;‘13{ BHASWVE VBRI AR RS RS LRY

Paodim2 4852 - > A P - B SRR (BT AT B
Lo rifpz i ralieigs 4 A E -
2. U EREE BREREAF LS s E -
3. WS Bipdlad Bk o E- AR EL TR
4003 wfpt B RE B RS e B .

5. B ERF2Z A AL E o

ﬁ’Eﬁﬁﬁwﬁ%%%ﬁﬁé’fﬁﬁﬁﬁ’ﬁﬁgj%@&ﬁ%%m&mﬁ’

Ve 5 WY - e BR QTSR Al i A NG ooaflr B
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13 mg&apa

A AR EBRLZP L ABARAFSOHS 2R MY 0 R BIREF BT
A A BEE PG LE R (yawrate) RJEE { Fend Mo o P
GG RE EIEE RS SRS S L AR R e AR S
- g diphds 4 AT - gt TR K g S bk d R
B SRCERT R R )I}’q\/y Ef A i c FIL AT KU HAE R
EAL P AR A E BT AA ERUBIE L P N2 A B g R RS
fe 242 4 2 pe L Bk 5 (Hybrid Torque-vectoring, H-TD ) » & * 3% 4t % se2 3 %
B A B pe g N R R 1S B R F B S AL X B A 7B AR

fer kAvid B R (quasi-steady) 27 ¢ B IR AE 2 F M TR

1-4 g Sk he BH#

AT R A Cavic e B E Bz b4 AL BRI FHM - BiEM
HeomFhzsdadd B 2[161EF f2f4 e 47 2 R A 4785
BROFVEERERS Al d pRAEFMERT XY RS 0 F
P A W E A A 2 fe S BRI TRk 2 BT
PR R IR RO BT RN R ARIEE e AR T

RFEE R R UEHRAN AT E BN EBEET LA S BRE

%—f‘?ﬁ?ﬁ ﬂ\?/EHi R (3 41"1'41»&"?};}‘7 Rﬂ@?‘h#ﬁ‘f}‘ul *2 EH é"’b‘&bt’

G B R G R R

o FHGFAT2ZBGAHF M ERGOA AL e E - LB (T
dpiwz 4 FEER RN ] R A AL T R A H R R R

Juld
5
¥
-
!
(&4
ks
F

=S I s X

FZRHBAULRES S i pd AL B iR £ 3 R
FnB AT A BHEE E SR NATISHEL A R BT ko
Wit 2 2 R A TR 2 e SR EHAE Y AR RGP L AR
FER A 2 A -
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PPy oA S HEZ AR RF R AN e himt 27 RfRE
Bofsir s £ 48 e d 2 BB B HOR) s HRR o

FIXFARP AP TR 2 ERRA R 2 iR T 2 B R 4
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ARBERG LT AE T RNARTECF R L po LB

&
ETS
W B
ok

o

doi:10.6342/NTU201802573



$:3 RhAH

AR RAERmZ AIMEL S TR AHEE - L LE B
B AfR R R S Bl B R 4 e
24 FHCA e

@' LJ%F@]‘&\
ksl

IRR N

1@1 )

2-1 W#w2 A +1EE

# (Graph theory) AR L * »* L+ L8~V F - PHREHFFEHFH > 5
- fE % Sl 2 i3 AL 2 0 1964 # o Freudenstein % Crossley ¥ fi$ s 72
ERaE g P Eo Bl 2 PEE o BB il s 2 Eh R A W g frs k& T 0 2
- B opMbihair e £ AR 0 R TR S S B - Ay fla B[28] -
AFCT R E R R A2 ME LT L E DA BT R R
PR e T PR AER B2 B ER Y G BT Y R s
}"i‘xiﬁﬁﬁ’f#b o~ %= ﬁjﬁgé °
AT o PESRR AT ERR Y P AFEE Y FLATERY XY e

BAAREEEH B A T BT AFE Y B EE M AT

IR o

2-2 FhAS e Ehed BN G

Yol 2-1 977 > 17 & % #h e (Planetary gear) & ¥ L# S HEen- 8 ¥ F
BB 75 % # (Planet gear) % %A 7% 2 (Carrier) ' ¥ ¥ X F F%F - BB
# 95 (Sungear) g o 'g 0t 2 vh o (7R Kkt B Y B G - B IRS& (Ring
gear) % KpEE 7 & & (T ening o
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©

R

SHH—

B 2-1 7 5 & ke 2 BI[29]02 % 84550
54 FIL B29]8H T R S e ST AR B BRI R R T U A G T
Bz FH AN o o) 22)%F (B i i ABEFEE

Wi iEER)

Tsws + Trwp = (s + 1) w¢ (2.1)

(s + Tp)we — Tpwp = Tswg (2.2)

R dmue it B g lp d W 220 27 F i ndHmEHE e
PEER 2 ER S ok R R AR A TR TR 2
FaEE iz S HBEmMEE omA T EE i TR LRI AR S HE Y

v 2w

PR T R XECRAG G oy I AR oz E A o

Feor
£ AE_/ fr
R m .
X ? e E wp
I F R/P ) 4
y N\ I &P/S e N C
I — e, P/C
|
. LR : \TS S ® s \Fo/p ! ¢
wp / T / (bC
|

Ts — Fpys X 15 = Is X wg (2.3)
Fryp X 1p — Fs/p X1p = Ip X wp (2.4)
T¢+ Fpje X1e = I X w¢ (2.5)
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—FP/RXT'R :IRXd)R
Fryp + Fs/p — Fcyp = mp X 1¢ X ¢
FE R LT 0 kAL

B FR T N (23)~(2.7)E FTE I b

ER ]

=T KRB R
E2 beig B A BIDL R

Hept A8 LT T

(2.6)

2.7)

kAo F B

Ts — Fpys X1 =10 (2.8)
Frip X1p — Fg/p X1p =0 (2.9)
T¢+Fpye X1c =0 (2.10)
TR = Fpr X1 =0 (2.11)
Fryp + Fsyp —Fc/p =0 (2.12)
d PSRN THRE AR T TEREZT > SmER A B RN T
Fe/p = Fryp + Fs/p = 2F (2.14)
Flp v @ iAo TR RABAETT IR AR B R AT
Ts:Tc TR = _TS:ZTC:_TR (215)
ARBEFESREZ PR TR F 2 A B EE B A Y
JE M Ao
ro =R JZ’ s 2.16)
Vg erdr 4 B RN Ao T
TR+ 715 TR
TeiTp = 10— P— 2.17
Ts:Tc TR s s ( )
d 1 FIREY & f’?fiﬁ:ﬁ%f’_éf_i%il Bk T 0 = B e fE 2 ende 4 g

~ AR B T G s SR L T M s KM
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23 LR B2 FHES EHG

4§ sz - HE %Y L3 E (Open differential ) #:¢[30] > 4o 2-3 L3

G E R s R TR R SRR R R
ERAEER (LEFFRERE)P XIS E - Lo F oo hBENFF A
W FHLR RGBT AR T HmpER AR F o L3 SRR
PR RE I EEO v 2 RN EEQ LR R (LR EF
LE DR VAR SHORNES B3 kLS INORME §¢F ke

-

) R i
N—UT0—% xusn ol To7
T Y Al
] 2= =0
Fisk%
#——\
AR ~ —
G .
7

Bl 2-3 - 4n £ BHE[30]8 4 44 W

i
._4
~=y
Y
fot.
3
g
Ea
I
I
(s
|4
ks
Z:glr
¥

4] » %% Gentaand Morello 4 473 ;%[31] >
BEEBERMLFL > PRI BRL - $oe2 FEEH IR - RLEE
%mﬂ,ﬁﬁﬂ%@%?Aw%@ﬂ%%&%ﬁ&&%’iﬁﬁﬁﬁﬁﬁﬁiﬁ°

FERQD FTarotmihs b 2 LR ER (A2 BFEE) 2 EEH
% 4o T
riwq + Wy = (T1 + Tz)w3 (218)

§ L L b2 Bl R B AR E 0 Tl =y M2 xR (218) > T
r;\‘(219)7‘ﬁ1 /Af ° t"’—r] z 1?331' .&7‘#7 &_i}i—[ ’0)15'(1)2?.'14}; ‘}/E- r\’fﬁ‘f_

Lo FP B4 L

w1+ wy; = 2ws (2.19)

N9V HPER A T E A & T 2 & deid B M 40 (2.20)

11

doi:10.6342/NTU201802573



R (2.20)
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R AT Ut 4 B N kAL B ARE
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A TTONCER SRR Y S SV R Y R VA 1
B R R Sl AL SRR R S O Oy~ Gafro,s B LI

Pho L LR EFEENE LG ABL A hE R
RS LA A

K}_\-i—_'y ?”Tl——Tzra\

-y ?”T3?'Fq+l,‘——§c. %f‘rg——r _/_ﬁ;f])\;}’_l:z! y %
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@24__3}»\&1‘%% Jﬁ‘_‘mj
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% @ A
F1/a 7 \Fa/4 y
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/7 T

5 F4N Fas2
S y
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Bl 2-5 23 BL4:Epd R

AT h D B P EEEANFA NI T B et
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2F4_/1 X rn—T1= 11 X d)l (221)

2F4_/2 X rp,—T, = 12 X 0:)2 (222)
T3 - 2F4,/1 X T'1 - 2F4,/2 X T'Z == 13 X 0:)3 (223)
F4/1 XT4—F4/2 XT4 =I4_ X(l.)4_ (2.24)

BefH2@5 L3 )& - kgd Wt HER I ELAPHEF D b2 g6
'fﬁ:}é j\;,bﬁ;_J » ] pL t_}\(224):1 - Lovd o F fr'F4/1—F4/2 ) L ELL F4/1=
Fop=F-* 623 F7 'ry=n timbn=rn=r EXAFTIHfEHz I §

FE N 0 ¥ l!'r;ﬁu’m‘f 1? E,g, fﬁﬁh P AR o

W1+ @y = 203 (2.25)
2F X1 =7y = I} X G (2.26)
2F X1 =T, = I, X &, (2.27)
T3 —4F X1 = I3 X ws (2.28)
4 55(2.25)~(2.28)¢hf (27 B I BB st L B0 § = R

Ll
[y
lm
H—N

Mo g Rt D @, ili%%fi’ﬁ"%iéciii}iiﬂﬁ Fi e
T B AR 2 deig b S o

2-4 4 ApR iR T IME
2-4-1 B & Fo 4 BRpE

4Bl 2-6 0 HE E (Clutch) - BAEARES BiRé 2B 72 3R
FAH P RS RS WG MR P MR ERE
o g BEdA Es PR x 2eltwedafksd X403

B
BRI R AL B BT o T fEF RIS x bR L A R B B2
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W 2-6 4 F 4 F M H

e EH S B2 UPILEA D B
Rl w e B Rl wpe 0 A RIR DlToadsdid 2B B4 BET, -1 B RIE T
TSR 4 35 B4 B hTp .o x 3wl et A L BApE - dho
PFASB RIEE R > 2 rd Edp R N (229) 5 e BR 2R E T LB
R B BT B BR -

K. Sawase fr K. Inoue[33]# | &=~ 84 2 4= 4 4 fe £ i# % (Torque vectoring
differential) # #8.2 7F i * $77f s 4 & F (Slipclutch) kiziliz 4 hig %J o6 A2
éﬁﬁﬁ”%ﬁi?**ﬁﬂ%’@ﬂﬁﬁﬁﬁﬁﬁﬁéwéiiﬁaﬁ*%
30T A R EE L AT > FIRRET R EARES BEE LT F OE

# 40w Ll mﬂﬁﬁyn% i

~E

Tqp—1p
2

Tp—Tc=Tg+7T, > T,= (2.29)

Ejpss = T X Aw = T, X |0y — wg| (2.30)

2-4-2 " £

- IR BLE SRS PRI A RS R R EE
B g - Rl 2 i ¥ - RIA R e i § R B EUR L
% (Limited-slip differential, LSD ) F]¢* & 2 > & 17 ;% L § - Rlfsdhi Fprf)*
%}Mﬁi’*—éﬂ BH LR EFIF o FL T A e o
R LR BT A LA BB N E R T2 A F N A E U L
BrRAl e BREF OGRS B 227 LHY - BFFERET 2 S EYE
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M- B ARBLAH N - VR EBE FREFREF NP LEELI T
M T v B Pl R R  RIBRARE T 4 T ¥ Ao S FE 2 2 )
Brdhigid o RIE-PE LA B 1 = RIRREE M 4 T8 RaE o d L AUR S L
ERZPHPLIP RS KBTI Mg TEZES TR A fedd 280

wl | TWZ
0] bis _%)
w2

Bl 2-7 A #5302 @ F 7 #(Gerodisc type Differential) [34]
2-4-3 RE R AR 2 L3 FMA

FE D fmia 0 LSD 2 33 3 A3 Flet A, Z. Leonidas Kakalis Federico
Cheli f- Gian Claudio Travagli[8]#% ! — &3 & ;% £ i# % (Active differential ) 2. £ 4 >
AR EIREN - LR ELAA RS NEET A EE AR
E*iﬁﬁwﬁfk@ﬁ%ﬁﬂﬁ?*&ﬁ 28 TR LIRS L B R L

f R R D et B T B LA ek 4 b 2 PEA 4eR] 28 4

P ERCRT A S B 29

T,

a1 T(}L-'IZ

Bl 28 7 A A feds 4k sn s W8]
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N
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wl / J//ﬁjc_\L} J | 'w
/%4 &

Bl 297 @R Apedd iz 4 FHA

B r ey AR v EL AR EFEF B R B2 4 Tt ﬁ%ﬁ
fho i Bz & MM 27 d :8(2.25)~(2.28):c B & 4 (2.31)~(2.34) °

w1+ Wy = 2w (2.31)

2F Xr—t+71p = Iy X wq (2.32)

2F X1 — 15 + 71y = Iy X w5 (2.33)
Tin —4F X1 — T —Tpy = I X W, (2.34)

S A ERRET RS R o B AR T AR
Hpldh2 x4 > P R Ak & iE A (yaw rate)d v o 37 B dmik e 2 da o

2-5 #ad S Bl iz

AN E RS Rp AR pT @M R R B B B B R
mA L[16]% B - A 5 # v # 4 B (Function Power Graph, FPG) 2_ Bl#% = 2 -
Fresifine gR2 4 ARAFFEFAFT NI FEFFLLF L B

Aol fe gt d Bt TREMIL Y R PR

:l.-
Wi B FP R B R A ek B4 A2 1‘#*'4

T%—ﬁﬁ’»j‘\ﬁﬂi“ ?% * 3| ehds 4 ;ufiggf—?gf;pa,gr%\, 2-1 o
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DG # 7t £ i# % Differential Gear > 2 ¥ = £ 32 =38k a~bfrc » 4
AT AR T - E i R g R g ph2 R

PG # 77 7% # # % Planetary Gear > # ®» = £3)2 3482 r~cqrs
cu A TR SRR RS FAEEfoIBAE -

INPUT |Nmné3ﬁ41£ﬁ4ﬁ»%v?ém%%wﬁﬁ{@%LM§%

ICE ICE 5 p 248315 » S 24wz 4 R 64 hz - o

MG % 5+ Motor/ Generator > 5 & + Zp# & ¥ B FE/F T2 H
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Cimclutch, R8s B~ » Fird|d 4 RS 2ZFES LYo

@ GamL H- itz b4 BiLfsih o 4o B HIEE o
C
B

B4 Brake» 24td ~ it - SRRy B LT OB LLEY - B
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2-6 2 fmé W3
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2-6-1 B fRA

PA-B B R T 0 A - RIS fd BB A S0 x By Bhfoz pha
s feip $x oy pirfoz phe SRR 0 AR % Abe, Masato[35] Lk £
A BB LEE R doB 2-10 717 o

B 2-10 2 dm 4 & $2[35]

. x#h> % (Longitudinal): & £ 4w 86 » T HEww 2 1 o
2. yiw> % (Lateral): & Lo i@d > XD Lmigd w2 23 L0 o

3. zgh % (Vertical): & &3 88 > 4 xph oy v ikt £ 2R L&

FA LT oo

= =)

4. Ap¥tx #EgE (Roll): 2 £ pIi@d > At x> TLHEGFEL > » 5 1 o
5. Ap¥t y#hEdE (Pitch): @ L ipiri@d » ¥ty b TREFESH > 5 5 1T o

6. Ap¥tzdhigg (Yaw): & Lipdid@d > Atz dh T RGFH > 2 51 o

2-6-2 B gwR 4 A7

Ao EATBIRIETRPEL RS AR 2-11 c BIRITRPFL R 2 e 4k
B % # F=4 (aerodynamic resistance)R, ~ 7 & #3 /% #+ [£ 4 (rolling resistance)R,f % Ry, »
B MIE 4 Fy® Fu s RIS R(BRLD 53 55 1Ry 0)0 7 50
AL AN (235) HP mg L R LE R v, s B P i B o
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A RQ

h
z
x«—T S B
er “‘ Ftcl |1 | Iz RI’:“ Ftcz
I:nl I I:n2
Bl 2-11 2 §@=< 4 [
ma, = Fre1 + Frez = Rg — Ryp — Ry (2.35)
AV E RS HRIRE e S Fy o Fpo ANHASBABRS B B
24P SR G R RE T CIERE 6 F RE LA T ENQ360)(050(237) 0 #
PLE B REhIE ~ hG TR B B R LG Foofrn i JERE - LG o et
Z_FEHE o

1
Fpy =

I [mglz - h(Ra + max)]

(2.36)

Foo =T[mgll+h(Ra+max)] (2.37)

BFERTES L BB LI S LS om0 SR 2120 Rfle e

#Ra AL e HRDHEFOAFEEZ VAR HCDABRES ES
R RN T

L w4 hesN(2.38)(2.39) o 8 L 4ot (2.40) ~ (2.41) -

d/2 d/2

B = ~
I,

e

lm-h-ay l
i f i

z IC anl h I
yJ L:nlL

Bl 2-12 2 g gudh s 4 WI(12 40 )
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d [,
Fn Xj—Tmhay (238)

Fpap, =

d
d 1
Fnl X 7 + szhay (239)
For = d
d 1
FnZ X 7 — Tl mhay (240)
Foar = d
d 1
Fraor = d

2-6-3 Pk e B

%4 Wong[36]2 & fmfk e & {ot 47 » B 2 4R v dha fle b bR
Wb o TR DRI - B R o doB] 2-13 SR 0 B 2 2 Rl
B i W R MBS R AR SO0 e il w i e £ 6,8 P Bl
e b5 o2 3 ENQ242)2 M 2 2 ¢ B i #hEE(track) L % #hiE(wheelbase) e

coto, —cots, =B/ L (2.42)

Nlo

N

B 2-13FF & & &+ % #[36]

Bl 2-14 A/ o2 RIFLETLH 7 usvaBix y? w2
BRorszede@d R - RTWmigs &6, 7 * QA2 RN Hmgs &6, 0 )

PRBREFART e UV B FARED A R Ry ap o ap  a o R

%4 Azadeh Farazandeh % A [37]4>" R & iz » 3 & 3 I 4% 3F4e30 (2.43)~(2.46)
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Bl 2-14 g e Be2 RIF &

S Lr+v
afrzéf,—tanl[ L ¥
u+idr

L Lr=v
a, =tan™| -2

BTAOFH IRt 2 5 R ALE S e ¥ B 1Y L

AW ASCERPLT S o hprm A ESL

G £ Oc JE# » 34m (T 4o 58 (2.47)~(2.52) -

(2.43)

(2.44)

(2.45)

(2.46)

.
“
1%

s 7 R B4R 2-15 ¢ £ Rf T
EAH L2 417 A, d2)BE A 2 £ B thl R Oc At 7 g e L g

G(0,0)

B 2-15 g3t B 1 LW
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T
thl =2~ (5, ~aty) (2.47)

th2=%— (5, —ay) (2.48)
th3=r—thl-th2=6, -, +, (2.49)
| L2 . |
sin@h3) _sinhz) o oG (2.50)
Oc &% -
. _ (2.51)
A+ L2x(—cos(thl),sin(thl)) = (I,— L2xcos(th1),d/ 2 + L2 xsin(th1))
R=|0c—(0,0)| (2.52)

2-6-4 T G B fwds i * A2

AFTHEHAB I AR AN I RAFE e b B 750 FLF AR
ﬁiﬁi@fﬁf»ﬁ’wﬁ'ﬁ£4 B LR B RN i R T L RIS R
AL xyz B RAHT 0 & RAREDT Xy T T T 2
BEZBpd BR2ER > 4o 2-16 #F7 o

B 2-17 & HE % 23 7 £ B
22

doi:10.6342/NTU201802573



Frfaf oy vz it R $EW 2170 S x w2t we iyt
22 e R L) RREE P DEEx G e L RS E Jury S w bR

,
%

g

LU0 FR T UANQSDEA AN TG P2 E R R o

V=ui+ vj (2.53)

d -~ du di dv dj
i=—V=—itu —t— j+v — 2.54
T T T T AT (2:54)

B 2-17 i) 5 PR trdt Pz e i 0 F dtABi73 0 PR icn® L £ ¥ 17 1235dO>

PR e L4 e o jrng T TANdO P R e L =i e F]P At
(2.54)¢ ﬁ%\%/; L IGEE 3 = i
di do
—=—"] 2.55
acde ) (2.55)
4 __4d9 . (2.56)
dt  dt
#-78(2.55) ~ (2.56) L w 4 (2.54)F v
du do dv de
i e i U b f—p e — 2.57
Tl A i A (2.57)
X
du dv de
—=U ==V ——= 2.58
dt dt a (2.58)
K N (2.57)F &
a=u-itur-j+v-j-vr-i (2.59)

FRFTEIM2 G (x3) Bl (Y35 ) 4o B AN

Gy =1L —vr (2.60)
ay =0 +ur (2.61)
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P AR et AR GIEE Ik m B4 2 RSN 4 R
Gl heif LG 4 R R R RS 2R TER RIS e e

Ao T AR 2-18 Tl h B gms pd B2 H S AR 48 (2.62)~(2.64) ©

B 2-18 F 4T & < 4 @)

x *w: m(u-vr)=F, coss, +Fyqcos8, +(F, +F,)

(2.62)

—(F,y 8indg +Fpsind; ) -R,
y?# o m(V+ur)=F, cosSy + Fy,cos8y, +(Fy + Fppp )+ Fy sin g,
_ (2.63)
+F g SINO,,
A E Izr':ll(FychoséfI +Fe cos5fr) 2( oLt y2R)
d
+ (Fle sin 5ﬂ + Fle sin §fr) E( sz) (2.64)

SNy —Fosing, )

+%(FX1R cos S, —F,, €O, )+%(F

2-6-5 # #52 % B

FERTIHY 2 GHEA > VI BB AN BT L E R B
ez RE 2R 2-18 X4 2 mF e O 2w lklL v HIR S =
M2l frt (B B2RFT 2 G HiE R T A B 59(2.65)~(2.68)1F 4 o
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Vi = Vo + Vo = (U_r%))2+(v+r|1)y (2.65)

Vig =Vy +Vig, = U+ r%)f<+ (v+rl)y (2.66)
o d,. .
VoL =Vo Va0 = (U_rE)X+(V_r|z)y (2.67)
L d,. .
Vor = Vo +Varo =(u+r5)x+(v—r|2)y (2.68)

27 Hra

iﬁ;‘,l—z qu.)?grrn?’# 4 EEL kB d By 4 A 7 i Sl vE e
o AEFATEAB LR RFALBIERFOS S R L R LT A

2 A4 5w 4 fople 4 a4 #3340 12 Magic Formula 3+ 8 9137 i chig vf

B4 G A R REAT Y R s R
2-7-1 fpe B dhe & L&

ORI A FATR ST 2R kR £ Wong[36]4 i
2. SAE & 4% % 5t o

1. RiERELO: e e & &ffz ¢ gk o

272 sk 4 g4 sp

\\\Xr
<l

R A XYZ 22 %&  F o (FF MBI R G 2B oz B4 E
Wong[36] T & 2. & #< 4 Fin4cB 2-19:
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;_I) ALIGNING TORQUE (M)

POSITIVE
CAMBER ANGLE b

TRACTIVE FORCE (Fy)
(DIRECTION OF WHEEL HEADING )
X

ROLLING RESISTANCE

MOMENT (My)
~RQ DIRECTION OF

O : - WHEEL TRAVEL

POSITIVE
SLIP ANGLE

OVERTURNING
MOMENT (My )

LATERAL FORCE (Fy)

Bl 2-19 #5 B4 4 5[36]

1. %% # Fxy (Longitudinal Force) : B o ¥ se 3 fhPn2 7%

4 A XD s

B & I ¥ fiLBR 4 (Tractive

2 8 @ F £ (Longitudinal Slip )7 B »3@ # #
Force)» # & % § ¥ L& # 4 (Braking Force) -
2. ilw # F, (Lateral Force): Fom 5 4c > #h2n2 7% 4 4 Y 2wk £

& iplif & (Slip Angle) frip]#8 & (Camber Angle) 7
3. *wiF,

l—/""_%'»

SR i L S

BE o

( Vertical Force) : B & *

W B i\ (Wheel Load) 3

A7 wia g

4. ER & 4 My (Overturning Moment ) © B m ¥ 4o >t 5752 iv % 4 $ X

Phit A 4 e AR

5. g# B+ s&£M, (Rolling Resistance Moment ) : ¥ & *&

SRR TER 4

Y $hir A 4 et B AR d §h54EF 2ok (Tire Hysteresis ) #7i = o

6. w4 &M, (Aligning Moment) :
4 chd 4B o
2-7-3 Wrpif 4 8 56 4

B TSR EM, P B A R R4 E € bR G

40 4ol 220 T 0 HRAHOR AR 0 A 2 R PR
R pEE s B0 R B LM GRS B LI (slip)e 24

26

B 5 he st hIaL T 4 4 Z i

i e A
B RS ¢ P

Wong[36] )4 & F]=
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BANERFL > 4 (2.69) B PV R 265§t B ehd Y i R oA
WERIGRB DR R I HREGF L EFRIERER §RI BT SRR
PRER L A0

i = 1L )x100% (2.69)
ro

NORMAL
PRESSURE

STRESS

LONGITUDINAL

Bl 2-20 70 % SR 4 ABPF T 5 [36]

FHER e RS E-M, P Fl S e BRILRE S vk o RBIEE
Ao A3 f e B A —Fo 4oB] 221 477 0 B pEF A1 (skid) ® A 4050 (2.70) 0 2
PERR PSR B iE R s dhw B R B o

i (rv“’—l) x100% (2.70)

NORMAL
PRESSURE

STRESS

LONGITUDINAL

B 2-21 fhPa LB 4 sppFenis 5 [36]
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R A L 2 e A B AN A B B R LD R R BRI ER
Fo A2 2 Mt AR ZRTREMN G TR S ER S R E e G A4
EEE R LS AL 2 G RMPH G o] 222 90 0 2t A A 2 B
ARt S OR22EFEwA ARFE KR BFL2ERS TR o
HED AP FLEES S M ARTRNE T A AT R LS 0P A S

& 5 W% k4 (longitudinal stiffness) Cg » 4o3%(2.71) ©

_9F,

2.71)

i,

i

o

L

W

w PEAK VALUE Hp W

W Fxc [y A SLIDING
= VALUE
5 Hp w pg W
= 2 Ci=tan®

(o

R R

olc 20 40 60 80  100%
LONGITUDINAL SLIP

B 2-22 s 4 2 0f £ B 4[36]

kN Ibx10®
a8 TIRE 10.00 x 20/F
ON ASPHALT

BRAKING EFFORT

o 20 40 60 80 100 %

Bl 22342357 pimd T D48 LM 3[36]
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2-7-4 WAARIF &5 RS S

beBl 2-24 #77 > %% Wong[36]: P > F s Bl e £ FE® 4 @RI 6 o

Bl 2-24 $hP5X e 4 2. A8 X 4 B (2[36]

Yo 225 407 0 P R AEHAAL RF SRR A RN G S Hu g
Bl AR RO T ARERAMM G R L OFLAFERL

.
##& & b1+ (cornering stiffness)Cy » 434 (2.72) °

oF,
C,= (2.72)
oo
a=0
N Ib
600 ROAD ADHESION LIMIT

w RADIAL TIRE —
% 2000 1~ _~<BIAS PLY TIRE
o 400 {—

Ve
o
2 /
E /
w
é 1000 "—200 |
8 //

| | | ]
ol o
o° 4° 8 12° 16°
SLIP ANGLE

Bl 225 o 4 (R]% 4 )& Rl & b 4[36]
" Wafot b > ¢hHE & (camberangle » AFF 3 BR E 0O)~ T f 0 § B
WreAd 2 pled o Bl 22260 B Anle RIFET o Zow NSRS BT 2t BT
FRLA o DR A E Y B PR R 2 2o f A 0 B 2-27
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WP R4 P bR R R R § A B PR E Y R
2B Py At flwd By Hiplth B 4 B A2 il Fyo’ﬁﬁi*"ﬁ”’?‘l""" y

WP R AR L e f R AL R, o Flt s $ R R
FRADFEES? o Rled GRL ST PEBARS  Re RS Fa E

R KAk R .

DRY ASPHALT

b kN 1)Rg 580-13 @
w 51 SPEED 30km/h, 20°
o L 18.6mph
E 800 pi =147 kPa . 21.3psi
© | 3
r4
@ 2
uJ —
ul 400
& 1
O o
© 1
0= 1 2 3 5 kN
L ] ] 1 1 ]
0 400 800 b

NORMAL tOAD

B 2-26 4 4 (ple 4 )& RIF & 22 1§ el 2[36]

L

&) REDUCTION

o

v FVO
(O]

Z

o

wl

z

o

8 F!O

NORMAL LOAD

B 2-27 g 4 (Rle 4 )& R & 8 T2[36]

2-7-5 Magic Formula

PP, % B Eh 4 g 3007 L 2L AR S B e B R D dRds
A RoE 2 REITIRY > A7 3 € * H. B. Pacejka[38]2002 & #% ! 5 Magic Formula
e (2.73)50T 0 HARNE S Skl > VEF AR A T o F LB A MG
2T A LR RIFABE RIS A w4 AERE TR 3T R Pt R IR %
(e T 8 A - Su s ) A
y(x) = Dsin{C arctan[Bx — E(Bx —arctan Bx)]}

Y(X)=y(xX)+S, (2.73)
X=X+S,
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4

gx‘i

BRI ANRFE S YX) AT ARE R A Bl
B4 B S8 B FG R Sk (stiffness factor) » S8 C f 5 Al 4 S8

('shape factor )» D # % & & 2 %~ #ic(peak factor )» $-# E L % o F 2 $-#c( curvature
factor)> Sp % KT A A S8 S, 5 T2 BAS L Slice B R A RERACE 2-28
AT oo b MR X=X, PlEREL  ERTHEDERLLE By, o L FHS,E

SpZ o xy Btk i RELORA > URTEHR XY BB M0 A A7 RahE SR

4 v fpled A4 AERE R R o

y ‘M Y
ShA
/
A ——
D |_arctan (BCD) A
Y.
iy & v -
T /1 X
m

B 2-28 Magic Formula |4 & 4127 & fg ;% 2 #chf (% [36]

b3 ST d e d B B Ay S 2 e 3 SR K4 S Rk

HEw R4 RS SEERE > F REE MRS EEL ORI R o

& * ADAMS[39]# 88 2 2 16 18757 2% S8 K2 2 S8k 58Q2.74)
Fiplm A ERY L SBMAR BT e 2 et 3 ABREA T £
B2 B 229 2 I A SR A B A B 2297 FS5BARER S TR

WA o N(Q2T74) o B RIFE O F SR T w0 Doy Doy Py Pop  Pe

Pey2 ™ Peya > Peya ™ Puyr ™ Py ™ Prys > Pyt ™ Pz > Prys > Byr > Bz > Pyys > Py # B e

4 3

»

B o ZRPE AT EXRMELL O AR BBt P
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dfz __z z0
FzO

/uy = (prl + pr2 x dfz) : (1_ pr3 X)/Z)

D= 4, F,

C = prl

E= ( pEyl + pEyZ>< dfz) [1_ (pEy3+ pEy4>< 7/) XSign(a)]

. (2.74)
. 4 2
Kyo = pKyl x on ><SIn[2 tan (—)]
Ky2 X Fo

Ky = Kyo(l_ pKy3|7|)

B = Ky /(CD)

Sh = (pHy1+ pHy2 X dfz) + pHyS Y

S,=F, {[ Pyys + Pyy2 X df, + (pw?,+ Pyysx df,) x 7]}

AREed TR BB LM G R
10000
— ~10525N
/_—
/,A\ —8105N
5000 - 6250N

z I 4125N
R 2200N
T o
= 0 5 EREF(E) 10 15 20

RQI)E AL 4 PR A R WD R 1 S REH S (Q275)
FRELD S EE 230 2 KA Mo B 2305 5SBARES S TR GY
Re @I ;‘Hﬁﬂi ’ onﬁéf:i,‘ﬁé%iﬁ P4 Pog Y Poe Y Pos Y Poa Y Pea

Yous 4 4 3 2,
Pex2 ™ Pexs ™~ Pexs ™ P Y Prxz ™ Pixa ¥ Praa ~ Pz © Pua Y Puxe & 8@ % FHc o

AREed TR A BFLAMNGY R
12000
9000 / 10525N
= 8105N
5 V.
b= 6000 / 6250N
& 3000 e 4125N
ESS 2200N
0
0 0.2 04 JBE 06 0.8 1

Bl 230 7 v 4 T a4 B LM G A
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dfz — I:z — on
FZO
Hy = (Ppys + Poxa ¥ df,) - (1= Pys X72)
D =u,F,
C = prl
E = (pExl + pEx2>< dfz + pEx?;>< dfzz) : [1_ pEx4XSign(i)] (275)
Kx = I:z : (prl+ prZX dfz) ’ exp(pr3>< dfz)
B=K,/(CD)
Sh = (Prat Py x df,)
Sv = I:z '(pVx1+ pVxZ dez)

Flo AT L FRER? e & S PRI B Hr 4 B2 BEEE

A HmE e R R

Rt

2-7-6 2 g 1 -3

3w e is Y B3t T LA deim SR AT 2 4 e 4 8 st
BE-BLIEFZ I 2TH 231 A HE SR, T ARG A4
55 4 F ¥ 1% Magic Formula foif £ K7 > & 6 B85 @Po R SRS 4 ik
€% 4 Fpe' o P! EFec* P ApE 3 o dp 5 > R Y OB 25?1 5§ iR 2
Eommied Bt dez @E O R e R E S, B B2 RNT R LNQ276)-

=10 (2.76)

Bl 231 2 @£ 4 f0a
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$£z2% HTDMARYZ BHenE?

31 NEERELES ARLEE

Cavie[18]3 11— fEit * Btz 24 A Lid B4oW 3-1 »r7 o 50 {52
A B A E B 2 e o i e B AR 32 o s d

JQﬁvﬁﬁdﬂﬁﬁpliﬁ%4’Eﬁé%ﬁﬁﬁ”ﬁﬁui%“&iﬁﬁﬁ

Wi N E, B AR R O AR FAABOEAEEAWBED LB
A BEER BRI LEBEEE RS BT QL hinlo Z fhidh g 3
kA L L bz B 4 A e o
engine motor {
it
i, “51 ik
2
N .
- 3¢ p———
3 % TI wc]:
4 5
left wheel 4 o right wheel
l' |
assembly 1 assembly 2
open differential differential gear set + motor
Bl 3-1@* Btz 4 oL 7 & BI[18]
B
g
PG
2DOF T
ICE s = s PG
DG {2DOF \
W 4 2DOF \ D
W 32 % Bits fod Apedit Ba it 4 @
P RE P BL D BT W o aeg ks AR R A wiTEA
ez - wA@F RS PR E Q8 ARZEF I XA pd B2
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pd R ¥ebd RVl d2 FAEAKEE L HhhFladE b - Ao @ 7
Bz Fd T gRPFINEILEENE L fHdh o i3 Nt SR Rt A e
P o P EZREGFEOR A FLREEA 23R FPL AT RS A#H T
TRA-BR AP -EIAZ FREAKBE T T 0V ER NGRS 2 WS
Bod RN -FBEREEA H a4 L Ld B (Hybrid Torque-vectoring

Differential, H-TD) 2. ¥24 & 3] » 4@ 3-3 #7571 o

ZDOF

‘.
W A ZDOF 1 W

Bl 33H-TD 4 R A2 # i 54 W)

32 -~ HRAFFHFESMEHF I L BHEE S

0 RAIOF LREBAE L 0T G lE 0 BN RR Y IR 0 2 R H0F 417
TS T e d Bl 33 VAro A kend B B - B kst £ B(OD,

=

\

open differential)!? 2 — %23 g d B {7 & & #% 2 (PG, planetary gear)fe = > H ¢ % i#
Falckp 5'?%1 g R S e %%] o T E RS R EEE L
B gE o B4R 20w i - $EH 24 5 £ (M/G, motor/ generator) 14 2 — ¥ %7 FE
A d 4 2L B(Clutch) % % = 2 ke (74 (7> 0T 82 F PR 2 15;2[29]
FORBRG SRR g AL RS Re UL BEAIRE T

FEH 34 FAENLE B F RS Me SRS A AR E L B4
Bl 2z ik (RS RA S BAK) ANBRID @ LEFFERSG
i@ 23 )& (FAEMH) BILZD FEAHENRLS  THBAHBLEO-
FREABBL IO - FEERE LD - RABBREL L0 ¥ FZ L BAEL L 2+
FlroFEhdhe AR id il iBieridhe- -
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il
|
Hie

©
I
|

©

|

|
HHHHH

Q

()
()

L0 Lo

B 341gFriridmed Bi
B 34 ¢ 2 BRI ET- BEiE > F35° F HRZHE 22 %5 H 27N
Bl LT BT RHTRE  REL T A RERY
BT RS BAARZ - B RIEL EEBERE XV FINT 16 /%
W &BALEDA o~ T AL Case A~F £ 2 B3 fi o 4o 3-5~MW 3-7 #7

Case A Case B-1 Case B-2

B 3-54£EHMBE CaseA~B~C
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Case D-1 Case D-2

B 3-6 &£ 5 B F CaseD

Case E-1 Case E-2

Case E-3 Case E-4

B 3-7 £ % B3E CaseE~F

HY CaseA A A3 B A2 A el TEEPE 1 7878 4{# ; CaseB % 17
AWE TR £ 2% Case C 5 (TEF e S B AR 4%
g¢4ﬁ#ﬁ CaseD 5 Tk fh? ~ & #idpds > £ } ﬁ#ﬁ‘CwﬁéF&
BHe RS SRR 57 4% CaseF 2 FAfhipdz - £ 1 /8%

AR BT R RIS E Y o bl gl 2 R By~ 02 gy

Pl EREE) TN A BAREEY  EEEBREEY ¢ 5 AR A BORS

wig* o Fp Case B~E~F X 7BEETHNZL > F/7 Case A~C-D ¥ %
OMAEH -~ FIZFEFY » = fhphit 2 (O~ Q) VAR S 2 F
WC3ECAE4~ FHED-1 2 D3 LA~ FHE D28 DAEA > PEEHFF

FC3-D-1-D-2 BT 64 23T Aq A 31 EAMBIT * 2 6 8%
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R S A C-1 C-2 C-3 D-1 D-2

RT Y 5 1 2 3 4 5 6

3-3 hkifd it Fel P

@I Gk AR BT REHE BEREARS Al F LA

327 A ks Plended A2 B R AR BT RBINE 4 A idRe g

LRI AR

4 A R PE o4 i RS
i 4 iR INPUT | 424 ~pe b it M/G
=¥ Wi R C
+ w2
e 32% 4 i@
1L 57 Bp L Fehped o B REORTE 2 flH (WD) Apde >

QR TE Rl (W2) 4pd% > 22 QRIE A # 4 Jh (INPUT) Apd% -
2. BED-@7F 22t T2 @RS A2 pidd e
3. %{2@+$?%H5Q(M@)?u%ﬁﬁ&%%ﬁéﬁﬁ14§&ﬁ
ARtz d > T -3 LB (C) MBELSMBE RiTd gL Hd e o
IR A G 2 A AR T SRR TR R bt
(EEGO-O-@) P22 EHBEE B - 2 mgdipln, ¥ -4
PRERE B W EPLE BRI - EERLILRE S
4. #EOQEPEEQF S WIS W2 by Raggef @ 295> 48 B v

TESEE LR T KRS ST I
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d R APT AN ERERIL LI 6P a4 Al 25 R 3-8
~B 3-120 %5 30484 B HETT O HAHY - B3 EHEL B
SR EBEEY A RE S AR Sk

Bl 39 #Hphy3 2 L b4 A itpy
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B 3-11 i S 2 & 684 ~i2pe}
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B 3-12 % b3 62 £ a4 A2l

3-3 ) &= FUAAR T L A S0P B T AL AR AT L ST B

B2 % ALp

Ho SR FRPFEFRERS B 4 Spez B i ﬁ’wﬁﬁﬁ; s e S 1)
Batgghided 02 g e B 4R 6K R ITh o Fl T AR IIEAI2 & X U &
;ééﬁf—‘rﬁ,__fﬁﬁ s 1L ) ﬂ\ﬁﬁ’{‘ ede 4 /}ﬁaﬁﬁf#.v; BE ek Srh

ERP R  H AP 30 BIEST P o k- HENT R & o

1 AdipirRiEsay 7 UEEREIEPN MRS o bR fRE 7
WARY R - i RET R RS T D e AL 2
fRfE e P TR A IR dz 4 o D P R =4 o P e ALk 2
B (yawrate) 34 > r13& 2 & dmig o 2 i 0 4% B 3-13(a)

2. wRipERERY o F0 G L Tkl A4 (blde s B g2
SIEd 4 AT R B i B d Bak) o I 24 ARl d ik B
ot o PR CHmE SR AR S ez 4 I E R S S
beig chrt i 0 %4 Bl 3-13(b) ©
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3. BRRTREALY oF0 ] L& By r 064 o Gl 2 4 o e
WIS Ei b 4 > R SRR R I AR 2R e
P AR & f 4 g &b i ot i 24 B 3-13(c) 0

" ATy

(a) (b) (c)
B 3-13 s sir s w3 & K7 2B

S4B 3-8~ 3-12> H ¢ 2 12142224 +32-3-4-42-46~5-
2354562643 E BE =0 FR A BEALra B E B a P - 5y
RAEFRR DG HEAR R SRR P RY R 2N T8 ) B
SRR R 24

2Tk A 110130 2-102-303-103-30 £ BIA G R EQ (L E
FRE)TELHBR A FR Athet 2 - BERR P PLBEENFEAKE

- Bah [0 a8 4 B AT AR Ae B 3-14 ¢

ZDOF

‘.
ZD()F 1
w : w
Bl 3-14 H-TD $#£ 4 1

PHETREF MV HRESRTLANFLIGEFEEN I EERETH - B
it iTiz 4 A Ea A H L Rdhdz 4 AR P VN EY 2 L bl Y
AR e AE 4 g BE AL BRRGFE S HE - oo KR
B oA MATOR 3150 R ERE > P AB KL Ll i
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RHTA@EE P REFE S RegRY - HR R P RS 2284 SR
WM LEFELHF  ENREES 20 -

B 3-15H-TD #£4 1(# %)
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F8/9 = F9/8 = Forv (4.44)
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N72 N82
Rep = =X —= 4.83
2= Nos . N (4.83)
Bofd BRoy 0 1 R~ T F N N 4.82)F (4T B TR
Moy Moy w4y =1 (4.84)
N81 Ny N7 4 '

B Y AR EEBREF S astR S B e (e
WEERB HBRE) AP RESELARH -2 S EREQ N BEQ
(=~ %fdh) BT < P ipl R £ 64 7% > Flptd 43-1 [ & L5507
L E A AT A BB R L L b B RS Ak S T T
R LE A A RIEG RHREeE B2 &R £ P fRHREN CarSim[43] A
EFH KT R R F2(kg m?) R 2 kg A L
FEAEELEHR ELER L 0.1(kg-m?) -

DM EAE E bt 8 S R R R
B2 HHR T (M d i E pidhepLo):
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=

1
IG=—xMéxw2=Ex(nX@2xhxd)x@2 (4.85)

N

He v XF&WER YT Sh=003(m) & #HHESRAEd="7900(kg/m?) -
AF A REHESZ PR BRI L S SR R AR e o 1

FR A T AL A h s B 2 ] e

1 Ne Xm
s =5xmxhxdx (=) (4.86)
1 NeXm
I6=Exnxhxdx(—62 Py4 (4.87)
1 N, Xm N, >, Xm
I7=—anhxdx[(u)4+(u)4] (4.88)
2 2 2
1 Ng 1 Xm Ng, Xm
18=—xnxhxdx[(M)4+(Lb)4] (4.89)
2 2 2
1 Ng Xm
ly=oXmxhxdx( 92 Dy4 (4.90)

BB RAEP Sl i

B R E A EEREE S I HTDZ AR T 24 B 2y

FEER2 > T EIEFNT A ERGREE SRS FlTEA T 2

AR 432 Ho el R KA R AR R AP F
R FeA %ﬁsa] M4 oS fhihz & 4oif R 20 A FRARC] AR > F] P4 b AT iR
24 Apeticst T HTD # f = 425t > L d 4 gy » L3 T2
1000(Nm) » & it # #2142 4 > 2.2 §]* MATLAB[44]45 57 52 » 7 (9 5] 12 & f ¢
B 2 R RET Rl S b d @ R AR

asry = @371y (Ns, Ng, N7 1, N7 5, Ng 1, Ng 5, N, my, My, mp) (4.91)
AaTy = a4,TV(N5f Ng, N7 1, N7 2, Ng 1, Ng 3, No, my, Mg, mp) (4.92)

(When Ty = 0 )
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BT R Fagry —agry 2 #F A7 58 134 (4.67)~(4.78) 74(4.80)~(4.81)~
(484 E NI E B d it 22" iE 12 > BT ALY Bd Slie (PSS B S i
Bo) 2 BER T RSN R AT

min f(Ns, N, N71;N72;N81,N82;N9’mp)maﬂmb) = (asrv — Aa7v)
subject to - 17 < N5 < 80, N5 € integer
17 < Ng < 80, Ng € integer
17 < N; ;1 < 80,N; ; € integer
17 < N, , < 80,N; , € integer
17 < Ng 1 < 80,Ng ; € integer
17 < Ng , < 80,Ng , € integer
17 < Ny < 80, Ny € integer
0.0035 < m, < 0.005,with interval of 0.00001(m)
0.0035 < m, < 0.005,with interval of 0.00001(m)
0.0035 < m, < 0.005,with interval of 0.00001(m)
(N72 + Ng 1) Xxmg = (Ng 5 + No) X my,

N7_1:2XN6+N5

N, + N,
S;LLE_Eilxyna;;Q1160n)
N,, N N

( 7_2X£)X(1+_5)=1
N8_1 N9 N7-1

AFF g H-i * MATLAB p 222 L 517 5 2 Sodic ga() > & F 35 fe 9 ez B

FlEEREFAREL T ALRATIRE 2L RILAE o

£ ;7 52 (Genetic algorithm) *+ 1960 & i ¢ John Henry Holland #% ) » p
FER LGRS B L eI D AR b - AR # A T
WARLFREF FEE c B R L Rh PR SR
v f2 - %?‘{E’ PROAFIRFTEELE S AF AT AR IR L
P A S NEE ARG R FfR[45] 2T R A TR 2 2 4 B
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1. AFFEZ2 881 BAFE T 5Bz 8 L oom b e A BT
—F‘J- B, l'-F] L Li’%’%é}%l—’r—!— ji s % Q;Qﬁi@ l‘g"r’iﬁ’”?'\ﬁ;‘] s ¢ )'%3" 'f"‘ﬁb f‘_"‘fgﬁi%
419 B2 B AE[46] -

2. FEHREW - SR RREHEFS N T 5d 4% (reproduction) » % fie
(crossover ) ~ % % (mutation)~ * # (selection) 33 I} i3t F - e
U - RFZHEEE MEE  ATIREEVELRE v R
fEe > TP EP S ER N2 F[E (Global optimal solution ) °

3. AFIFEZFEFEIFN IR ERTMRAIEL Rop S HeUHEE
FRAEG R do @ Y e B il (AR T 7

ST A S A D SRR S

aﬂgﬂﬁﬁgiﬁiﬁ$%ﬁ,gwﬁ@g%ﬁ&gﬂ%%,ipfﬁﬁw

MATLAB ¢ p 22 ga()didic » 18 5 B 3g = #cd 2 B9 1000 27 (7% » 1417 it
2R FBEBLRET 2F 2 Ko

171000 27 (7 f#ts 0 R8T 3 #-5 & g2 rd & 4 B 5 (Hunting tooth ratio )
ENRG LR A MHRTZFERMTEASE A S B L EE A E
- H PR e BB R T RSB BN R R Rl b By
2@ ERAT] AP RPTLS T AP 2 A RSB T T F 0 0 A G

Bez 2 F G 10 Mg R T 28 B [48]

it

=

i*
Exd

A. Non-hunting gear set

woed b e (72, 24) 2 BRG] 0 S0t O30 A A b iR R -
B H 3 - d R gl;"i’/‘lﬁrﬂﬁl Fiazdds AF - A7 BHRARELE D
BT OMFLIOERABEHRHERSHAL T A DD AL o
B. Partial-hunting gear set

g (35,10) 56 REAAABREES L o P RREI- ST g H
Al BREFEE 2T ¥ AfRhr EAFSE  BERED - & (Non-
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r]u;\,ra—:fr?ﬂ_\e&wm\wgtﬁ%‘r e Pl Fr RS W 2 - 2t el
LRES R ANET - dend b s o d A R B TN o &

Fiped £ R BORF - T2 B LA e & W 2 i v 0 AT R 21000

RN SURTSTE & [N N WP CINEVIE SV I S P

PSS i S B
N5 (#) 17 Ng, (#) 44
Ng (&) 18 Ny (&) 23
Ny 1 (%) 53 my, (mm) 3.5
Ny, (%) 19 m, (mm) 3.5
Ng 1 (%) 48 my, (mm) 3.5

F 41 BARF SR GCES

Mg it 3 NED R (8 AR EA RSB F D R ST
- Bk et oy ﬁ&{ﬁi%ﬁs?]:’!%it'* MNP EERE P B E ’%ﬁi%]:'
EE W gy A h2 & Ao R LR E ] o TR 4-1 20 Sl w 54 (4.86)~
(4.90)12 5| & 8 22 dEdff £ BT RBE Bl 8w 58 (4.40)~(4.57) 0 JE ¥ H-TD

w4 A RSN T bk S i A

BT ok iE2 kA S 4250~ MATLAB WA E Y B = i
hy 3 X[E4 > ¥ de A /)Erﬁi-%] > 1000(Nm)z 4=+ ~ 5 & % ivH » & MATLAB 3+
B e b s 4eid B 5 243.9025(rad/s%) ~ ¢ #ph & 4ed & 5 236.6713(rad/s?)
3RV ihdhd o RAPEOT Zihdh L B 95 -2965(%) 16 F % T F AR
Bl B RPEA RS A B R LB D R L B

434 B EEHEE  HDSELRA

fSrm TR/ A 2 AR RS At 75

b
Er
ki
B
i
(‘,
\\\Xr
i
b
/H}

HH M2 s R FHRRTBFE2LHAFUEI A AP LR RERS UZ
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A ARNAEFERPE NI LSRRIV FRF LT B RA LR L
B PR AR L EA R A et IR R R RS R A
M2 ED WER L Ed T B el g AP M Pl IR S8 4 2

= “~

o4 BRRILDZ R APLEBE A Sz A ph o Fl TR G4 A
=

Fede B A gLl TP IR ASIF LMo P RIS R 0§
R B B R N e B R S R kS A A0 B R R
RS FR S - e R B Rl AR A ERR S LY I FR L E &
MR R R R R Bk /A UERRED LR G U LR S e

oo B A R LB WP R KT S il gL 5 o
AEH LA Rl 44 A gt 6] > pt A~ Torque bias ratio (TBR) — 1%
& Aot i

high torque — low torque
TBR = — X 100% (4.93)
high torque + low torque

H @ high torque 7w L3¢ E 5 Rl 44 ¢ B DiE - low torqued T LiE

ES %]4'}}14 ¢ K eniE o

%m9nﬂw,@ﬁ#4¢@%i BA 2 4 LB4x% > TBRAF - §

% % TBR i ¥| 100%P* > % 77 & LS 2R T H - gy Y o
d v aes TBR 2% T g 84 ke §dahd 4 Sfick 2 Fl g
A RPEE > SRR Y g ff 4 & fu s TBRZ K LE Ko RS F 8

Bdirg 24 P8 Pocim Fll}}‘f»p%/;fhg;ﬂa—LE;: o

AT A2 B S T AN RRR AR LR S ez MK

N

ToL P RBAFAY IR > AT R L B K Sk
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4-4H-TD 2 2 fwEe B i

%2 H-TD 233418 0 ¢t — ) @ #8343 H-TD & 53t - w58 45 F 2.7 4y 6n
fel @ Ai- e dRd fRERSEE S VT A LW 55 (Front wheel drive, FWD )~
{8 ¥ 5%%> (Rear wheel drive, RWD ) ~ 17 2 v #5555 o

twh SR chfe B ¢ o H-TD %7 % 30BN g bz — BN L@ B s
2R EE Lt AR A RO RFRFEETE R AR RN B D E

RADH B i b4 B ) b AR E B S R R RS p o

o
*
(w
3
@
=
|
=)

R AR 4-19() 17 5 @ F T ph AR A B S R~ - AR s

B 4-19(b)#r 7 o

INPUT

Wl

Wil

w2

W3 W4 w3

(a) (b)

Bl 4-19 % #r5ps H-TD fe & 7 i
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e TRb e B ¢ H-TD 87 % 52 B (8 (4 fhz — SR s £ i B

3
PR E2 SET bR ARZF RO RFEET AR AR RGTN D O
SIF RIS hadd ) AN R EF S LK a o hihR] R R #
Bo2 sk fk o b - fe doB] 4-20(a)FFT 5 @ oE
B L@ B2fel T2 HID Zivgh AEapEEo+84 Az
foom BERT EEEh2 3 F 4 A - Bk G g2 TR EH 4 ks gt -

fe % 4o 4-20(b)* 7 o

Wil w2 W1

INPUT

b w4

w3 W3 4

(a) (b)

B 4-20 {4 # 5% H-TD fe & 7 i

TTH A2 H-TD » F0t § dicfd k2 7 il e B

FHH-H-TD %37 £ L8 BIA 7 3 (Sphifss- KL Bl L pro fmjE @

Bigd A H i 0 BT SRR AR B IR & A SR 2
%

FHORPEEETERD AR K (TS F AL TR I
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$od AR LR f s o el AR 421 R B o B4 A AT ZaFL

M kS HTD s fmr B ED Sk 4 Afie il » % (Sl ¥ib2
EE LA AR RPN AEETVEIR RUSRLE A HE D e - e

@

(=i
W
xd

% 4B 4-21(b)#r 7 o

Wi w2 Wi
d& pg b & pg b
2DOF, 2DOR

|C
G

INPUT INPUT
£
DG ™ MG
2DOF.~ ¢
b PG
2DOF
I
C |B

w3 d b w4

(2) (b)

B 4-21 » #5556 H-TD fe & # it

4-5 K H HF {5 FE

UMY RENRL R A E Rz 5 H-TD Y 3w thE fefe ko
Bo 4 ope s EBEFHCA] ) ¢ 7 - AR B0 iSRS 0G5 H-TD 2 i Shds 0
A~ e phpe B H-TD 2 w #5 503] ~ - S A 3 B #hSF 03] ~ #p2 H-TD 2 £
Hiseds 03]~ w e & H-TD 2 (5 st 502 ~ - 238 Be #5673 - e H-
TD* ¢ & £ B2 v $hopd i3 o 2t oh > d 22 £33 By ey H-TD 2. 2 #h 56

B4 A FRCA T - D R o RGBT AR T AT A R e
Ao FRIFTIERNT AT TR HE
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4-5-1 = #HS%d B R
1. - & & i3 BH Hopd #5-7)

Flm okt 2 fp2 BT 2 HX 64 ﬁig?] Wl HEE o F) P AR A

- AR E2 B4 LR e

MR TRILA A 2 H B~ IRA A Lo e ¥ b THInt £ L3 Big

<=

A THRCRAAREFER LT N A B Rt PR LR E

ST IR S £3 L EL T S

A FTEES BRGNS Tin — 4Fp X1 =1 X ajp (4.94)
= st AER RN 2Fp X1 —1y, =1 Xy, (4.95)
+ w4 AR TN 2Fp, Xr —1p = L1g X aqp (4.96)

@ B G ay + g = 2at (4.97)

2. ¥pe H-TD 2 = #h5%# #-7)
54 W 4-19(a) > FIH skt 2 dp2 (SR D 2 X B4 gy Bh J @ B
P RELE R A E i H-TD 2o 865 4 & fiedicd] > 2 PO B g s i 4 o et T

2R RBHR T R 4301 ] &

MTEAHRHNTARILS & 25~ IR & w3 g o ¥ M T HRin it & L By
s TR A L BFEE AR B TRGBEINEY B 4-125 F g, &
GRS ARBUES R = ~TMG1¥%\»,%5§1@?J»&4 PR AR B2 Amp 4 o
RALEES BN 2 A ARG EHN 4 2 RELT 54 5 (440)~(4.44) -

Ak BRI S 2y = (@1,rv + Q1rv) (4.98)

Tin + FZ,TV X T2_2 - 4‘ X FD,TV X r

ERE T PR T (4.99)
=1 X Ain TV

L et aEh G 2XFpry X1 =Ty, =Ly Xayy  (4.100)

L e R 2> Fory X1 Fory X7~ Tir (4.101)

= (g +1y) X ayg Ty
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Behd EH 1 Tug = Fsrv X 15 = Is X a5y 4R

®=4 BB 50 —Fsry X7 + Fory X 16 = Ig X agry  (4.103)
De Bl &N —Fery X174 + Fgry X717, (4.104)
=1I; Xazry
@ﬁ?f‘ f’&,‘? l/,/i‘:;\“ FZ,TV_FS,TV_F6,TV (4105)
= —=Ms X152 X Qin Ty
@4 M 15 Fgry X151 — Fory X132 =Ig X agry  (4.100)
@’ff’&’?ﬁ’;— 4y i fi F&,‘? '///?' T‘7_2 X a7’TV - —7'8_1 X aS‘TV (4107)
‘ff’@&’f‘]ﬁ: 4r Si fi F&g l/,/;f‘ T'8_2 X a&TV = —T9 X alR,TV (4108)

f’? f"_ '\-!J;k’ %I‘E_ £ e Si fi F&g '/,/4{‘ )7\‘ (1) 7‘5a5,7~V + 1'7_16Z7,TV = (TS + T'7_1)al-n,TV (4109)

f’? f"_ '\-!J;k’ %I‘E_ ’3’- 4‘3 Si fi Fﬁg '/,/4{‘ )7\‘ (2) (T5 + r6)ain,TV _— T6a6,TV == T'56Z5,TV (4110)

3. fsphfe§ H-TD 2 thopds 51

AW 4-190b) » SR 5 B4 R - L Ed 0 (24 H-TD

-
Y
(LR

S B BN A RYES SR L RS R

“~ PP

- B 2 BB TR S N (4.94)~(4.106) > £ 5] 458 (4.99)2 T % 0 #

7 HTD 2 5 N 3 2 4 1o

4-5-2 15 sk # IRHCA

1. -4 £ B moed 103

%

Flio hokds B AR BT 7 X B gy WP e B A

- A B2t oo Fefrd] o

TR TARILA A S 2RE A R e VPR TRINA A LR F

w

N THRCRAZEFER R B UG, AR B Rt Rl

ZdgEp A LR RS R L =T
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Ak BTEZEA B G Tin — 4Fp X1 =1, X ajy, (4.111)
SRR RS R 2Fp X1 =Ty = I X ay (4.112)
T 1B 4 AERE TS 2Fp X1 —Top = Ihp X azp (4.113)
A B G A, + Ao = 2a4p (4.114)

2. #fe H-TD 2 {5 i 5% # -3

$4 B 420 ()0 i WSk B dR 2 T D R E B B 0 d i T
PR IS g H-TD 284 2 fedicd] > 2 vt R g h i W i 4 S it T
2 RN 44 4-3-1 ) & o

MR TAR2LE A 2 2R A L (g o F h R T RN & L iE B
S TR AL ERFEE AR R TRGIIOLT B 4120 T b g,
CER R RES (R Lk 25 RN PIE & A S T
RAZEEA G pdhz L0 L b i) 4 L HR5T £354(440)~(4.49) -

A3 B R 2ain v = (Q2r1v + A2r7v) (4.115)
A3 BT E e ER Tin+ Foqy X152 —4 X Fpry XT
T 1
S s hend AERE RSN 2XFpry X1 =Ty, = I Xy 1y (4.117)
ts e 18 1% 0 2X Fpry X1 —Fyry X 19— Tog (4.118)
= (Ig + 1) X azr v
GEEE S R ¥ Tyg — Fsoy X 15 = Is X a5y (4.119)
OEEE Y R E —Fs 1y X 16+ Fory X 16 = Ig X g1y (4.120)
(OEEE S B E —Fery X194+ Fgry X172 =1; Xy ry (4.121)
OLzER 2 ¥ Forv —Fsgy = Ferv = —=Mg X1y 2 X ttinry (4.122)
OEZEEE 3 Fgry X1g 1 — Fory X153, =Ig X agry (4.123)
D@ ek B M % Ty 2 X Qypy = —Tg 1 X Qg1y (4.124)
@@k ek B M % Tg 2 X Qgy = —T9 X Qap 1y (4.125)
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Th SR d A R M

% 2 (1) TsQsry + 17170y = (s + 17 1) Ain v (4.126)
FREEBE L AE R
2 N (Ts + T6) Qin1y — T6@e Ty = T5Qs TV (4.127)
2 55(2)
3. #ghpe ¥ H-TD 2 75 #h5pds H#-3)
S4B 420(b) > S B E L84 R (5 ph- ELiE B~ 0 b HTD
TR AR F LAl kp A d S R4 e
- Fe o2 BB RCAE B L N (4111)~(4.127) 0 £ W AN (4.116)2 T &
R A7 - H-TD 2 i e 5 =+ 90 s

4-5-3 = h5et # FEH

1 - %ZL# Br hdwd#17)

b Jeh7 |

TR TAEILN A SR IR A LA 2L & 2
Feob#gn TN A ? L L
in_r it 35 phLiE BR~ 0 T fRcch A Y 4 L
REBEFEZE S THertAishELR BiTE R

R

Fp o & & £:¢ B2

ZF Bz &4 Sriv ik

ST A A |

LAk B2 it 4 o feficd] o

W 2R %L e
Bl f > THRInfRA DL BR A T
EEFL Y T R A B L
N SR ﬁ%}”#* ’
CFp R A h L B2 AP 4 Fp A

b F s B 2 LT

> T '}Tlnlj‘ix -

Dl Tin —4Fp c X1 =1 X ap (4.128)
%50 2Fp ¢ XT = Tin g = lin s X Qin 5 (4.129)
% 5u 2Fp ¢ XT = Tiny = lin » X iy (4.130)
Ain f + Ain » = 2Q4p (4.131)
%3 Ting —4Fp s X1 =1Ic p X Qi (4.132)
2Fp g X1 =1, = I, X aqy, (4.133)
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”é—-?%" 4?’?&? l"';\‘ ZFD_fXT_TlR :IlR XalR (4134)

hE ik B N a1, + Qg = 20 (4.135)
ephidid Fi7E R4 B G Tiny = 4Fp ¢+ X T = I+ X Qi ¢ (4.136)
R ) A 2Fp » X1 — Ty, = I X ayy (4.137)
Rt TS0 W 2Fp » X1 — Ty = g X azp (4.138)
fo phZ i B S Ay, + Azp = 2Qip & (4.139)

2. ¥EeH-TD*? & £ & B2 v iho5eH #7)

>4 B 4-21(a) KA P L@ H-TD @ o ~{Sfhid % — L L B2 w
e 4 /,,\ﬁ ehoA] 0 ¥ I E b A AL A e 4 /,,\ﬁgﬁ_-k—ry;p Ao Hepf iy 24
4-3-1 - & o

TR T RILA A ST IRA A L 2L A 2B 2RA A L e
VT AR S A ¢ L B \T%in_ff)%%é“ﬁﬁibii%ﬁ%]/\:% N
inr® & sahiig ‘3?%] *eo THRc e AP A X BEFEE S TR fRATIL
FEEFEE T HRert A hAd Bi7E > H-TD %Al 4% 22 T 5530
F B 4-120 T T, & B A i/ﬁriﬁi%]%:fi" ~rMGf¥%,%3é1§i%J»¢i4 » Fp 1%
2P A AFRBLAEHBP A Fp R AT A E B2 AGPR Y ) AR AE R

ZWgmp A R LR Fehn it L LT A RN EmN 4 LR 4
4 3 (4.40)~(4.44) -

Pk LR FAREM S 2ain1v = @in_g v + Xinrv) (4.140)
P X EEL A BN AN Tin + Fory X1 2 =4 X Fp oy XT (4.141)
= Ic_c X Qin,Tv
2XF X1 —7T;
ERCES RSO RN VR LR petv 2T Tin f (4.142)
= lin s X Qin_g1v
fe fh A ¥ E%ﬁi%]%%J' b asN 2XFp ey X1 = Fory X 19— Tin (4.143)
= (Iin_r + Ig) X Ain r TV
@E"f’]4 ‘%Eﬁig f/é{‘ ;\: TMG - FS,TV X T‘5 = 15 X a5'TV (4144)
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OEsME 1 R

(D4 2R %50

®)er4 B 145N

OERIE I RFES
Dfc@ 4 41t & M i

@ fc @k 4o it & M i

FR AL S BN AN (])
FREHKEL RN ARQ)

75 %4 B R

=|
P
R
e
IR

—Fsrv X716 + Fory X1 = Ig X Qg 1y

—Ferv X174+ Fgry X175
=1I; X a;qy

Fyry — Fsoy — Fery
= —Mg X133 X Qin 1y

Fgry X151 — Fory X155 = Ig X agry

;2 X Qyry = —1g 1 X Agry

Tg o X Agry = —T9g X Qi ¢V

TsAsy + 17 1Q71y = (s + 17 1) Ain 1y

(rs + T6)Ain Ty — Te@e v = TsAs TV

Tinf —4Fp p X1 =1 f X Qi
2Fp f Xr—1y, = I X aq
2Fp f X1 — 1T = L1 X aqp

A1 + Ap = 2

Tinr —4Fp X1 =1 X i
2Fp » X1 — 1Ty, =1, X ayy
2Fp » X1 —1Tr = Ihp X ayp

Ay, + Ayp = 2Qp 1
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(4.145)

(4.146)

(4.147)

(4.148)
(4.149)
(4.150)
(4.151)
(4.152)
(4.153)
(4.154)
(4.155)
(4.156)
(4.157)
(4.158)
(4.159)

(4.160)
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4-6 - %

Lo 41 [ &9 > k3995 H-TD 2 % S e 2 45383 R Al > 4 H-TD
T o

2. 421 &9 AR D HTD k2 = f3 (TS 0 3 2 495 (PR

2 PR ﬁz_éé']%_;'j , 'TL"LJ F_— ?;}»& ]T:‘*g_’\‘ > B’gjik)w&l—f’@#;%qaiﬂ% s 1 ff—%; ;iiﬁm

+ .

o

30 43 &Y AP EARE PR EFTRS TR ERL RN &
TR kAL A M X PR MR L G o BT kg2

ZAFUFT R B80T J R R SR O RIRF S ER L AT R

3

Bl g AR (BE - REF LKD) 2 FHRT N R BE S

4. 44 1 &Y > AFTHHHTID - B md fp b 2 7 i 4 hapy
EoA T AS L EY R LR f g G d B d S k2 B

SN M EERE SEFEL 2T o
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IF F2eBEER

AR EPFARS DAL AL R Y L BEFRARS > T P52 805
Botacie * 2 2 4%~ Wioan M Sl o
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Feu~ T4E BhEEZ. Y Lo ¥R EZ AP 2 W (8 $hiodfe 235/60 R16 2 #hs o =
P §m2 S8 Bldrd S-1~% 5-3 4757 o
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WP A 24 m?

% 5-1 CSD-Class SUV 2 §m4ft %k

95

doi:10.6342/NTU201802573



t R = 5 ficie H i
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PCX1 1.6411 PKXI1 22.303
PDXI1 1.1739 PKX2 0.48896
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PEY1 -0.0074722 PHY3 0.031415
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{# & Hunting tooth ratio °

[ratue N5 | N¢ (N7 1[Ny, |Ngy1|Nga| Ng | My m, my *
6.391868351| 17 | 17 | 51 | 18 | 48 | 44 | 22 | 0.0035 |0.00352|0.00352| X
6.391868351| 17 | 17 | 51 | 18 | 48 | 44 | 22 | 0.0035 |0.00352(0.00352| X
6.391868351| 17 | 17 | 51 | 18 | 48 | 44 | 22 | 0.0035 |0.00352|0.00352| X
6.391868351| 17 | 17 | 51 | 18 | 48 | 44 | 22 | 0.0035 |0.00352(0.00352| X
6.391868351| 17 | 17 | 51 | 18 | 48 | 44 | 22 | 0.0035 |0.00352|0.00352| X
6.478439511| 17 | 17 | 51 | 17 | 54 | 50 | 21 |0.0035 | 0.0035 | 0.0035 | X
6.478439511| 17 | 17 | 51 | 17 | 54 | 50 | 21 |0.0035 | 0.0035 | 0.0035 | X
6.478439511| 17 | 17 | 51 | 17 | 54 | 50 | 21 | 0.0035 | 0.0035 | 0.0035 | X
6.478439511| 17 | 17 | 51 | 17 | 54 | 50 | 21 |0.0035 | 0.0035 | 0.0035 | X
6.478439511| 17 | 17 | 51 | 17 | 54 | 50 | 21 | 0.0035 | 0.0035 | 0.0035 | X
6.64342922 | 17 | 17 | 51 | 17 | 39 | 31 | 18 | 0.0035 | 0.0042 | 0.0048 | X
6.787938693| 17 | 17 | 51 | 18 | 48 | 40 | 20 | 0.0035 | 0.0038 |0.00418| X
6.810024597| 18 | 17 | 52 | 17 | 49 | 45 | 21 | 0.0035 |0.00352|0.00352| X
6.848669434| 17 | 17 | 51 | 18 | 39 | 39 | 24 |0.0035 | 0.0042 | 0.0038 | X
6.985650656( 17 | 17 | 51 | 19 | 38 | 36 | 24 | 0.0035 | 0.0042 |0.00399| X
6.994258908| 17 | 17 | 51 | 20 | 41 | 40 | 26 | 0.0035 |0.00396(0.00366| X
6.996498206( 17 | 17 | 51 | 18 | 44 | 33 | 18 | 0.0035 |0.00408|0.00496| X
7.191359201| 17 | 17 | 51 | 22 | 35 | 31 | 26 | 0.0035 |0.00407|0.00407| X
7.231259198| 17 | 18 | 53 | 19 | 48 | 44 | 23 | 0.0035 | 0.0035 | 0.0035 | O
7.231259198( 17 | 18 | 53 | 19 | 48 | 44 | 23 | 0.0035 | 0.0035 | 0.0035 | O
7.231259198| 17 | 18 | 53 | 19 | 48 | 44 | 23 | 0.0035 | 0.0035 | 0.0035 | O
7.231259198( 17 | 18 | 53 | 19 | 48 | 44 | 23 | 0.0035 | 0.0035 | 0.0035 | O
7.231259198| 17 | 18 | 53 | 19 | 48 | 44 | 23 | 0.0035 | 0.0035 [ 0.0035 | O
7.25965047 | 17 | 17 | 51 | 23 | 48 | 36 | 23 | 0.0035 |0.00354|0.00426| X
7.366748446| 17 | 18 | 53 | 20 | 44 | 40 | 24 | 0.0035 |0.00363|0.00363| X
7.366748446| 17 | 18 | 53 | 20 | 44 | 40 | 24 |0.0035 |0.00363(0.00363| X
7.370908456( 17 | 17 | 51 | 24 | 48 | 42 | 28 | 0.0035 | 0.0035 | 0.0036 | X
7.370908456| 17 | 17 | 51 | 24 | 48 | 42 | 28 | 0.0035 | 0.0035 | 0.0036 | X
7.370908456( 17 | 17 | 51 | 24 | 48 | 42 | 28 | 0.0035 | 0.0035 | 0.0036 | X
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7.428587307| 17 | 17 | 51 | 23 | 50 | 44 | 27 | 0.0035 |0.00355|0.00365| X
7.446763377| 17 | 17 | 51 | 22 | 50 | 46 | 27 | 0.0035 |0.00365| 0.0036 | X
7.542301445| 17 | 17 | 51 | 24 | 32 | 28 | 28 | 0.0035 |0.00414|0.00414| X
7.554299354| 17 | 17 | 51 | 22 | 44 | 39 | 26 | 0.0035 | 0.0039 (0.00396| X
7.582757132| 18 | 17 | 52 | 19 | 46 | 45 | 25 | 0.0035 |0.00392|0.00364| X
7.598451021| 17 | 17 | 51 | 24 | 51 | 43 | 27 |0.0035 | 0.0035 |0.00375| X
7.598451021| 17 | 17 | 51 | 24 | 51 | 43 | 27 | 0.0035 | 0.0035 [0.00375| X
7.598451021| 17 | 17 | 51 | 24 | 51 | 43 | 27 |0.0035 | 0.0035 |0.00375| X
7.598451021| 17 | 17 | 51 | 24 | 51 | 43 | 27 | 0.0035 | 0.0035 [0.00375| X
7.657366124| 17 | 17 | 51 | 17 | 41 | 38 | 21 | 0.0035 |0.00472|0.00464| X
7.728000222| 19 | 17 | 53 | 17 | 57 | 42 | 17 | 0.0035 |0.00354(0.00444| O
7.738148999| 17 | 17 | 51 | 25 | 50 | 45 | 30 | 0.0035 | 0.0035|0.0035 | X
7.738148999| 17 | 17 | 51 | 25 | 50 | 45 | 30 | 0.0035|0.0035 | 0.0035 | X
7.74002979 | 17 | 17 | 51 | 26 | 47 | 42 | 31 | 0.0035 | 0.0035 | 0.0035 | X
7.74002979 | 17 | 17 | 51 | 26 | 47 | 42 | 31 |0.0035|0.0035 | 0.0035 | X
7.74002979 | 17 | 17 | 51 | 26 | 47 | 42 | 31 | 0.0035|0.0035 | 0.0035 | X
7.749638195| 17 | 17 | 51 | 24 | 53 | 48 | 29 | 0.0035 | 0.0035|0.0035 | X
7.749638195| 17 | 17 | 51 | 24 | 53 | 48 | 29 | 0.0035|0.0035 | 0.0035 | X
7.749638195| 17 | 17 | 51 | 24 | 53 | 48 | 29 | 0.0035 | 0.0035|0.0035 | X
7.754337713| 17 | 18 | 53 | 22 | 38 | 34 | 26 | 0.0035 |0.00387|0.00387| X
7.816947746| 17 | 17 | 51 | 21 | 42 | 42 | 28 | 0.0035 | 0.0042 |0.00378| X
7.822533627| 17 | 17 | 51 | 23 | 57 | 52 | 28 | 0.0035 | 0.0035|0.0035 | X
7.822533627| 17 | 17 | 51 | 23 | 57 | 52 | 28 | 0.0035|0.0035 | 0.0035 | X
7.822533627| 17 | 17 | 51 | 23 | 57 | 52 | 28 | 0.0035 | 0.0035|0.0035 | X
7.848945324| 17 | 17 | 51 | 27 | 36 | 30 | 30 | 0.0035|0.0038 [0.00399| X
7.874212688| 17 | 17 | 51 | 21 | 49 | 42 | 24 | 0.0035 |0.00396| 0.0042 | X
7.884225344| 18 | 17 | 52 | 24 | 42 | 39 | 30 | 0.0035 |0.00368(0.00352| X
7.884617893| 17 | 17 | 51 | 17 | 39 | 43 | 25 | 0.0035 |0.00493|0.00406| X
7.917614578| 17 | 17 | 51 | 21 | 56 | 50 | 25 | 0.0035 |0.00375|0.00385| X
7.959811461| 19 | 17 | 53 | 21 | 44 | 37 | 24 | 0.0035 |0.00366| 0.0039 | O
7.971070914| 18 | 17 | 52 | 25 | 46 | 41 | 30 | 0.0035 | 0.0035 | 0.0035 | O
7.971070914| 18 | 17 | 52 | 25 | 46 | 41 | 30 | 0.0035 | 0.0035 | 0.0035 | O
7.971070914| 18 | 17 | 52 | 25 | 46 | 41 | 30 | 0.0035 | 0.0035 | 0.0035 | O
8.056266229| 18 | 18 | 54 | 18 | 48 | 36 | 18 | 0.0035 |0.00378|0.00462| X
8.082941574| 19 | 17 | 53 | 17 | 59 | 46 | 18 | 0.0035 |0.00368|0.00437| X
8.095054439| 17 | 17 | 51 | 30 | 40 | 35 | 35 | 0.0035|0.0035|0.0035 | X
8.095054439| 17 | 17 | 51 | 30 | 40 | 35 | 35 | 0.0035|0.0035 | 0.0035| X
8.099677479| 17 | 17 | 51 | 27 | 41 | 33 | 29 | 0.0035 |0.00372|0.00408| X
8.213794294| 17 | 18 | 53 | 19 | 49 | 41 | 21 | 0.0035 |0.00403(0.00442| O
8.224405517| 17 | 17 | 51 | 30 | 40 | 30 | 30 | 0.0035|0.00354|0.00413| X
8.243527331| 17 | 19 | 55 | 21 | 44 | 40 | 25 | 0.0035 |0.00357|0.00357| X
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8.243527331| 17 | 19 | 55 | 21 | 44 | 40 | 25 | 0.0035 |0.00357|0.00357| X
8.287448044| 17 | 17 | 51 | 28 | 28 | 27 | 36 | 0.0035 |0.00414|0.00368| X
8.313027661| 19 | 17 | 53 | 25 | 43 | 38 | 30 | 0.0035 | 0.0035 | 0.0035 | X
8.329408224| 17 | 17 | 51 | 21 | 42 | 42 | 28 | 0.0035 | 0.0044 |0.00396| X
8.340529139| 18 | 17 | 52 | 23 | 33 | 32 | 30 | 0.0035 |0.00434|0.00392| X
8.38743445| 17 | 17 | 51 | 23 | 45 | 44 | 30 | 0.0035 |0.00407(0.00374| X
8.392990219| 19 | 18 | 55 | 18 | 44 | 40 | 22 | 0.0035 |0.00374|0.00374| X
8.403407955| 19 | 17 | 53 | 19 | 34 | 29 | 22 | 0.0035 |0.00459(0.00477| O
8.416542914| 17 | 19 | 55 | 22 | 41 | 37 | 26 | 0.0035 |0.00368(0.00368| O
8.416542914| 17 | 19 | 55 | 22 | 41 | 37 | 26 | 0.0035 |0.00368(0.00368| O
8.43434157 | 17 | 19 | 55 | 18 | 60 | 56 | 22 | 0.0035 | 0.0035 | 0.0035 | X
8.43434157 | 17 | 19 | 55 | 18 | 60 | 56 | 22 | 0.0035 | 0.0035 | 0.0035 | X
8.485818629| 17 | 17 | 51 | 33 | 33 | 27 | 36 | 0.0035|0.00357(0.00374| X
8.492404895| 17 | 17 | 51 | 21 | 49 | 49 | 28 | 0.0035 |0.00418| 0.0038 | X
8.571137943| 17 | 19 | 55 | 17 | 55 | 47 | 19 | 0.0035 |0.00385| 0.0042 | O
8.586258203| 18 | 17 | 52 | 29 | 39 | 30 | 30 | 0.0035 | 0.0036 [0.00408| X
8.608348481| 17 | 17 | 51 | 25 | 60 | 45 | 25 | 0.0035 | 0.0035 |0.00425| X
8.693851114| 17 | 17 | 51 | 27 | 45 | 35 | 28 | 0.0035 |0.00378|0.00432| X
8.714632301| 17 | 17 | 51 | 20 | 48 | 54 | 30 | 0.0035 |0.00441)|0.00357| X
8.799517298| 17 | 17 | 51 | 34 | 36 | 31 | 39 | 0.0035|0.0035 | 0.0035 | X
8.8147859 | 18 | 18 | 54 | 18 | 48 | 42 | 21 | 0.0035 | 0.0042 | 0.0044 | X
8.821836437| 18 | 18 | 54 | 18 | 38 | 38 | 24 | 0.0035 |0.00465| 0.0042 | X
8.837382128| 17 | 18 | 53 | 25 | 55 | 50 | 30 | 0.0035|0.0035 | 0.0035 | X
8.837382128| 17 | 18 | 53 | 25 | 55 | 50 | 30 | 0.0035 | 0.0035|0.0035 | X
8.874932535| 17 | 17 | 51 | 31 | 26 | 22 | 35 | 0.0035 |0.00407|0.00407| X
8.885928293| 17 | 19 | 55 | 19 | 45 | 38 | 21 | 0.0035 |0.00413|0.00448| O
8.914026983| 17 | 17 | 51 | 23 | 46 | 42 | 28 | 0.0035 | 0.0042 |0.00414| X
8.930281175| 20 | 18 | 56 | 17 | 45 | 41 | 21 | 0.0035 |0.00374|0.00374| X
8.930281175| 20 | 18 | 56 | 17 | 45 | 41 | 21 | 0.0035 |0.00374|0.00374| X
9.005110078| 17 | 17 | 51 | 23 | 59 | 50 | 26 | 0.0035|0.0038 | 0.0041 | X
9.013732616| 17 | 17 | 51 | 19 | 57 | 54 | 24 | 0.0035 |0.00429|0.00418| X
9.019352464| 17 | 17 | 51 | 35 | 35 | 30 | 40 | 0.0035|0.0035 | 0.0035| X
9.019352464| 17 | 17 | 51 | 35 | 35 | 30 | 40 | 0.0035 | 0.0035|0.0035 | X
9.054735324| 17 | 18 | 53 | 30 | 43 | 38 | 35 | 0.0035 | 0.0035 | 0.0035 | O
9.061644808| 17 | 18 | 53 | 22 | 42 | 39 | 27 | 0.0035 |0.00429(0.00416| X
9.143540887| 17 | 17 | 51 | 27 | 41 | 33 | 29 | 0.0035 |0.00403|0.00442| X
9.159906729| 17 | 18 | 53 | 26 | 42 | 33 | 27 | 0.0035 | 0.0039 [0.00442| X
9.168313309| 17 | 18 | 53 | 25 | 55 | 45 | 27 | 0.0035|0.0036 | 0.004 | X
9.172098096| 18 | 17 | 52 | 29 | 26 | 22 | 33 | 0.0035 |0.00422|0.00422| X
9.192673962| 17 | 20 | 57 | 22 | 45 | 41 | 26 | 0.0035 | 0.0035 | 0.0035 | O
9.192673962| 17 | 20 | 57 | 22 | 45 | 41 | 26 | 0.0035 | 0.0035 | 0.0035 | O
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9.192673962| 17 | 20 | 57 | 22 | 45 | 41 | 26 | 0.0035 | 0.0035 | 0.0035 | O
9.192673962| 17 | 20 | 57 | 22 | 45 | 41 | 26 | 0.0035 | 0.0035 | 0.0035 | O
0.203981496| 18 | 17 | 52 | 26 | 42 | 36 | 30 | 0.0035 |0.00396|0.00408| X
9.310650885| 17 | 20 | 57 | 23 | 42 | 38 | 27 | 0.0035 |0.00357(0.00357| O
9.310650885| 17 | 20 | 57 | 23 | 42 | 38 | 27 | 0.0035 |0.00357(0.00357| O
9.326862846| 21 | 17 | 55 | 19 | 58 | 53 | 24 | 0.0035 | 0.0035 | 0.0035 | O
9.326941299| 17 | 18 | 53 | 28 | 35 | 35 | 37 | 0.0035| 0.004 |0.0035| X
9.333863537| 17 | 17 | 51 | 23 | 42 | 37 | 27 | 0.0035 |0.00448|0.00455| X
9.359149902| 17 | 17 | 51 | 26 | 37 | 32 | 30 | 0.0035 |0.00434|0.00441| X
9.417217073| 17 | 17 | 51 | 36 | 30 | 20 | 32 | 0.0035 |0.00364|0.00462| X
9.42490573 | 17 | 18 | 53 | 31 | 36 | 29 | 33 | 0.0035 |0.00372(0.00402| O
9.504315567| 18 | 18 | 54 | 27 | 45 | 35 | 28 | 0.0035 |0.00364|0.00416| X
9.537711972| 18 | 17 | 52 | 27 | 48 | 37 | 28 | 0.0035 |0.00377|0.00435| X
9.565378001| 17 | 18 | 53 | 23 | 51 | 42 | 25 | 0.0035 |0.00402|0.00444| O
0.614487223| 17 | 18 | 53 | 25 | 35 | 35 | 33 | 0.0035|0.00442| 0.0039 | X
9.654752306| 19 | 17 | 53 | 29 | 44 | 38 | 34 | 0.0035 | 0.0036 [0.00365| X
9.658060697| 18 | 20 | 58 | 18 | 44 | 41 | 22 | 0.0035 |0.00378|0.00372| X
9.67389291 | 17 | 19 | 55 | 20 | 50 | 42 | 22 | 0.0035 |0.00416]0.00455| X
9.688275588| 17 | 17 | 51 | 23 | 50 | 44 | 27 | 0.0035 |0.00426|0.00438| X
0.692814315| 21 | 17 | 55 | 17 | 47 | 44 | 22 | 0.0035 |0.00429|0.00416| X
9.754198548| 22 | 17 | 56 | 19 | 54 | 49 | 24 | 0.0035 | 0.0035 | 0.0035 | O
9.758925763| 17 | 17 | 51 | 27 | 45 | 45 | 36 | 0.0035 |0.00405| 0.0036 | X
9.859515563| 17 | 17 | 51 | 27 | 36 | 30 | 30 | 0.0035 | 0.0044 |0.00462| X
9.905668983| 17 | 20 | 57 | 20 | 53 | 51 | 25 | 0.0035 | 0.0038 [0.00365| O
9.911616542| 22 | 17 | 56 | 18 | 60 | 55 | 23 | 0.0035|0.0035 | 0.0035 | X
9.911616542| 22 | 17 | 56 | 18 | 60 | 55 | 23 | 0.0035 | 0.0035 | 0.0035 | X
9.94105111 | 22 | 17 | 56 | 17 | 42 | 39 | 22 | 0.0035 |0.00427(0.00413| O
9.957152606| 17 | 19 | 55 | 27 | 53 | 48 | 32 | 0.0035|0.0035 | 0.0035 | X
9.968993242| 17 | 19 | 55 | 26 | 56 | 51 | 31 | 0.0035|0.0035 | 0.0035 | X
9.96919894 | 17 | 19 | 55 | 31 | 29 | 25 | 35 | 0.0035 |0.00387|0.00387| X
9.96919894 | 17 | 19 | 55 | 31 | 29 | 25 | 35 | 0.0035 |0.00387|0.00387| X
10.05299762| 17 | 19 | 55 | 25 | 60 | 55 | 30 | 0.0035|0.0035|0.0035 | X
10.05299762| 17 | 19 | 55 | 25 | 60 | 55 | 30 | 0.0035 | 0.0035|0.0035 | X
10.10006951| 17 | 17 | 51 | 31 | 50 | 46 | 38 | 0.0035 |0.00364|0.00351| X
10.10518398| 17 | 21 | 59 | 18 | 39 | 37 | 22 | 0.0035 |0.00413|0.00399| X
10.16444387| 18 | 17 | 52 | 29 | 52 | 48 | 36 | 0.0035 |0.00364|0.00351| X
10.19773068| 17 | 17 | 51 | 36 | 42 | 28 | 32 | 0.0035 | 0.0035 |0.00455| X
10.23310687| 18 | 19 | 56 | 29 | 43 | 37 | 33 | 0.0035 | 0.0035 | 0.0036 | O
10.24658195| 18 | 19 | 56 | 28 | 46 | 41 | 33 | 0.0035|0.0035|0.0035 | X
10.25053697| 18 | 17 | 52 | 30 | 55 | 49 | 36 |0.0035|0.0035|0.0035 | X
10.25053697| 18 | 17 | 52 | 30 | 55 | 49 | 36 | 0.0035|0.0035|0.0035 | X
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10.25053697| 18 | 17 | 52 | 30 | 55 | 49 | 36 | 0.0035 | 0.0035 | 0.0035 | X
10.25053697| 18 | 17 | 52 | 30 | 55 | 49 | 36 | 0.0035|0.0035 | 0.0035 | X
10.25053697| 18 | 17 | 52 | 30 | 55 | 49 | 36 | 0.0035 | 0.0035 | 0.0035 | X
10.25198144| 18 | 17 | 52 | 29 | 58 | 52 | 35 | 0.0035 | 0.0035 | 0.0035 | X
10.25198144| 18 | 17 | 52 | 29 | 58 | 52 | 35 | 0.0035 | 0.0035 | 0.0035 | X
10.28340649| 18 | 17 | 52 | 23 | 47 | 44 | 29 | 0.0035 |0.00438| 0.0042 | O
10.31846073| 17 | 17 | 51 | 31 | 57 | 51 | 37 | 0.0035|0.0035 | 0.0035 | X
10.31846073| 17 | 17 | 51 | 31 | 57 | 51 | 37 |0.0035|0.0035 | 0.0035 | X
10.32292633| 17 | 17 | 51 | 30 | 60 | 54 | 36 | 0.0035|0.0035|0.0035| X
10.34015272| 18 | 20 | 58 | 21 | 36 | 34 | 26 | 0.0035 | 0.0042 |0.00399| X
10.36672184| 19 | 17 | 53 | 27 | 60 | 54 | 33 | 0.0035 | 0.0035 | 0.0035 | X
10.38385467| 23 | 17 | 57 | 18 | 56 | 51 | 23 | 0.0035 | 0.0035 | 0.0035 | X
10.39450184| 19 | 19 | 57 | 21 | 45 | 37 | 23 | 0.0035| 0.004 | 0.0044 | X
10.42315546| 18 | 19 | 56 | 22 | 47 | 42 | 26 | 0.0035 |0.00408|0.00414| X
10.42315546| 18 | 19 | 56 | 22 | 47 | 42 | 26 | 0.0035 |0.00408|0.00414| X
10.4466495 | 18 | 19 | 56 | 21 | 47 | 44 | 26 | 0.0035 | 0.0042 |0.00408| X
10.45519462| 18 | 18 | 54 | 30 | 35 | 28 | 32 | 0.0035 |0.00396|0.00429| X
10.4557922 | 17 | 17 | 51 | 28 | 67 | 61 | 34 |0.0035|0.0035 | 0.0035| X
10.46716461| 18 | 17 | 52 | 26 | 42 | 36 | 30 | 0.0035 |0.00429|0.00442| X
10.48119479| 20 | 19 | 58 | 18 | 52 | 43 | 20 | 0.0035 |0.00378| 0.0042 | X
10.50622076| 17 | 21 | 59 | 25 | 40 | 36 | 29 | 0.0035 |0.00357|0.00357| X
10.50622076| 17 | 21 | 59 | 25 | 40 | 36 | 29 | 0.0035 |0.00357|0.00357| X
10.53773653| 19 | 17 | 53 | 24 | 38 | 35 | 30 | 0.0035 |0.00455|0.00434| X
10.56940532| 17 | 18 | 53 | 27 | 38 | 32 | 30 | 0.0035 |0.00434|0.00455| X
10.58400792| 18 | 17 | 52 | 26 | 70 | 64 | 32 | 0.0035|0.0035|0.0035 | X
10.62703114| 17 | 19 | 55 | 22 | 48 | 50 | 30 | 0.0035 |0.00432|0.00378| X
10.64484757| 21 | 17 | 55 | 29 | 29 | 21 | 29 | 0.0035 | 0.004 |0.00464| X
10.6510112 | 20 | 17 | 54 | 19 | 53 | 59 | 29 | 0.0035 | 0.0044 | 0.0036 | O
10.65884312| 17 | 17 | 51 | 34 | 51 | 45 | 40 | 0.0035 | 0.0035 | 0.0035 | X
10.77737881| 17 | 20 | 57 | 32 | 30 | 26 | 36 | 0.0035 |0.00374|0.00374| X
10.78649903| 21 | 17 | 55 | 26 | 55 | 49 | 32 | 0.0035 | 0.0035 | 0.0035 | O
10.91049641| 17 | 17 | 51 | 24 | 48 | 45 | 30 | 0.0035 | 0.0045 |0.00432| X
10.91049641| 17 | 17 | 51 | 24 | 48 | 45 | 30 | 0.0035 | 0.0045 |0.00432| X
10.92191992| 17 | 17 | 51 | 24 | 45 | 45 | 32 | 0.0035 |0.00462|0.00414| X
10.93445302| 24 | 17 | 58 | 18 | 52 | 47 | 23 |0.0035|0.0035 | 0.0035 | X
10.93445302| 24 | 17 | 58 | 18 | 52 | 47 | 23 | 0.0035 | 0.0035 | 0.0035 | X
10.97876764| 19 | 17 | 53 | 34 | 45 | 39 | 40 | 0.0035 | 0.0035|0.0035 | O
10.97876764| 19 | 17 | 53 | 34 | 45 | 39 | 40 | 0.0035 | 0.0035 | 0.0035 | O
11.00704653| 19 | 19 | 57 | 19 | 37 | 38 | 26 | 0.0035 |0.00488|0.00427| X
11.00749261| 18 | 19 | 56 | 25 | 35 | 36 | 34 | 0.0035 |0.00441|0.00378| X
11.09205757| 22 | 17 | 56 | 19 | 52 | 55 | 28 | 0.0035 |0.00415|0.00355| O
146

doi:10.6342/NTU201802573



11.0981368 | 24 | 17 | 58 | 17 | 59 | 54 | 22 | 0.0035 | 0.0035 | 0.0035 | X
11.0981368 | 24 | 17 | 58 | 17 | 59 | 54 | 22 | 0.0035 | 0.0035 | 0.0035 | X
11.17038451| 22 | 17 | 56 | 27 | 49 | 43 | 33 | 0.0035 | 0.0035 | 0.0035 | O
11.17038451| 22 | 17 | 56 | 27 | 49 | 43 | 33 | 0.0035 | 0.0035 | 0.0035 | O
11.19958328| 22 | 17 | 56 | 24 | 58 | 52 | 30 | 0.0035 | 0.0035|0.0035 | X
11.20397848| 17 | 22 | 61 | 18 | 46 | 40 | 20 | 0.0035 | 0.0039 |0.00416| X
11.21049232| 17 | 19 | 55 | 27 | 50 | 41 | 29 | 0.0035 | 0.0039 |0.00429| O
11.2134852 | 19 | 19 | 57 | 20 | 41 | 40 | 26 | 0.0035 |0.00462|0.00427| X
11.21644142| 18 | 19 | 56 | 33 | 41 | 31 | 33 | 0.0035 |0.00352|0.00407| O
11.43963236( 22 | 17 | 56 | 31 | 39 | 28 | 31 |0.0035 |0.00354| 0.0042 | O
11.44056414| 18 | 18 | 54 | 18 | 60 | 55 | 22 | 0.0035 |0.00462|0.00468| X
11.49123012) 20 | 20 | 60 | 18 | 36 | 33 | 22 | 0.0035 | 0.0044 |0.00432| X
11.51806605| 17 | 18 | 53 | 32 | 45 | 33 | 31 | 0.0035 |0.00384|0.00462| O
11.53963657| 20 | 20 | 60 | 21 | 42 | 36 | 24 | 0.0035 | 0.0038 |0.00399| X
11.56391269| 25 | 17 | 59 | 18 | 49 | 44 | 23 | 0.0035 | 0.0035 | 0.0035 | O
11.56579363| 18 | 20 | 58 | 23 | 49 | 39 | 24 | 0.0035 |0.00399|0.00456| X
1156794712 17 | 22 | 61 | 24 | 46 | 42 | 28 | 0.0035 | 0.0035 | 0.0035 | X
11.56794712| 17 | 22 | 61 | 24 | 46 | 42 | 28 | 0.0035|0.0035|0.0035 | X
1158127717 17 | 22 | 61 | 25 | 43 | 39 | 29 | 0.0035 | 0.0035 | 0.0035 | O
11.62577306| 17 | 22 | 61 | 26 | 41 | 37 | 30 |0.0035|0.0035|0.0035| O
11.62577306| 17 | 22 | 61 | 26 | 41 | 37 | 30 | 0.0035 | 0.0035 | 0.0035 | O
11.64355962| 17 | 18 | 53 | 39 | 39 | 28 | 37 | 0.0035|0.0035|0.0042 | X
11.71918951| 17 | 17 | 51 | 36 | 42 | 35 | 40 | 0.0035 |0.00375| 0.0039 | X
11.72976961| 17 | 21 | 59 | 25 | 51 | 38 | 24 | 0.0035 |0.00372|0.00456| X
11.79579173| 18 | 17 | 52 | 23 | 56 | 47 | 26 | 0.0035 |0.00438|0.00474| O
11.96264239| 17 | 18 | 53 | 39 | 39 | 28 | 37 | 0.0035 |0.00355|0.00426| X
11.99624466| 19 | 18 | 55 | 29 | 39 | 36 | 36 | 0.0035 |0.00414|0.00391| X
12.02415496| 17 | 20 | 57 | 35 | 42 | 37 | 40 |0.0035|0.0035|0.0035 | X
12.02415496| 17 | 20 | 57 | 35 | 42 | 37 | 40 | 0.0035 | 0.0035 | 0.0035 | X
12.03168614| 20 | 19 | 58 | 20 | 56 | 50 | 24 | 0.0035 |0.00407)|0.00418| X
12.08180732| 17 | 17 | 51 | 25 | 60 | 54 | 30 | 0.0035 | 0.0042 |0.00425| X
12.08183619| 20 | 18 | 56 | 32 | 42 | 30 | 31 | 0.0035 |0.00366|0.00444| X
12.08276039| 19 | 19 | 57 | 23 | 42 | 37 | 27 | 0.0035 |0.00448|0.00455| X
12.11018539| 24 | 17 | 58 | 24 | 52 | 46 | 30 | 0.0035 | 0.0035|0.0035 | X
12.16868301| 22 | 19 | 60 | 25 | 41 | 36 | 30 | 0.0035 |0.00352|0.00352| X
12.17536944| 24 | 17 | 58 | 19 | 47 | 49 | 28 | 0.0035 | 0.0042 | 0.0036 | X
12.17584925| 17 | 22 | 61 | 30 | 35 | 31 | 34 |0.0035 |0.00357|0.00357| X
12.17584925| 17 | 22 | 61 | 30 | 35 | 31 | 34 | 0.0035 |0.00357|0.00357| X
12.23447336| 19 | 19 | 57 | 26 | 56 | 42 | 26 | 0.0035 |0.00374|0.00451| X
12.25621588| 18 | 21 | 60 | 23 | 47 | 44 | 28 | 0.0035 |0.00396|0.00385| X
12.34802526| 19 | 18 | 55 | 21 | 51 | 56 | 31 | 0.0035 |0.00464)|0.00384| X
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12.39630862| 19 | 20 | 59 | 21 | 50 | 45 | 25 | 0.0035 | 0.0042 |0.00426| X
12.39709723| 18 | 21 | 60 | 24 | 42 | 39 | 29 | 0.0035 |0.00408|0.00396| X
12.40895611| 19 | 21 | 61 | 21 | 31 | 27 | 24 | 0.0035 |0.00459|0.00468| X
12.44672911| 20 | 21 | 62 | 17 | 60 | 56 | 21 | 0.0035 | 0.0035 | 0.0035 | X
12.45592922| 18 | 18 | 54 | 27 | 43 | 37 | 31 | 0.0035 |0.00442|0.00455| X
12.46850169| 21 | 20 | 61 | 19 | 37 | 29 | 20 | 0.0035 |0.00434|0.00496| O
12.49015047| 18 | 22 | 62 | 26 | 38 | 34 | 30 | 0.0035 |0.00363|0.00363| X
12.50976757| 17 | 22 | 61 | 24 | 46 | 39 | 26 | 0.0035|0.0039 | 0.0042 | X
12.51686075| 22 | 17 | 56 | 28 | 39 | 34 | 34 | 0.0035 |0.00408|0.00402| X
1252764444 21 | 18 | 57 | 25 | 43 | 39 | 31 | 0.0035 | 0.0042 |0.00408| X
12.52774385| 20 | 19 | 58 | 31 | 25 | 24 | 40 | 0.0035 |0.00416|0.00364| X
1252774385 20 | 19 | 58 | 31 | 25 | 24 | 40 | 0.0035 |0.00416|0.00364| X
12.54664148| 17 | 17 | 51 | 41 | 43 | 37 | 47 |0.0035|0.0035|0.0035 | X
12.58325077| 17 | 21 | 59 | 29 | 56 | 51 | 34 | 0.0035|0.0035|0.0035 | X
12.58387148| 17 | 20 | 57 | 28 | 44 | 46 | 38 | 0.0035 |0.00413|0.00354| X
12.59546033| 17 | 21 | 59 | 28 | 59 | 54 | 33 | 0.0035|0.0035|0.0035 | X
12.59546033| 17 | 21 | 59 | 28 | 59 | 54 | 33 | 0.0035 | 0.0035|0.0035 | X
12.59915193| 19 | 19 | 57 | 27 | 36 | 30 | 30 | 0.0035 | 0.0044 |0.00462| X
12.62585431| 17 | 22 | 61 | 17 | 50 | 46 | 20 | 0.0035 |0.00462|0.00469| X
12.65413105| 20 | 21 | 62 | 20 | 45 | 34 | 20 | 0.0035 |0.00378|0.00455| X
12.65686382| 22 | 17 | 56 | 36 | 37 | 31 | 42 | 0.0035 | 0.0035 | 0.0035 | O
12.69184436| 22 | 19 | 60 | 24 | 47 | 43 | 30 | 0.0035 |0.00365|0.00355| O
12.70616813| 23 | 17 | 57 | 34 | 37 | 31 | 40 | 0.0035 | 0.0035 | 0.0035 | O
12.71901778| 19 | 21 | 61 | 18 | 54 | 48 | 21 | 0.0035 |0.00414|0.00432| X
12.71991964| 17 | 20 | 57 | 31 | 47 | 35 | 30 | 0.0035 | 0.0038 |0.00456| X
12.74230054| 20 | 21 | 62 | 17 | 45 | 40 | 20 | 0.0035 | 0.0042 |0.00434| X
12.77599765| 19 | 20 | 59 | 25 | 43 | 39 | 30 | 0.0035 |0.00414|0.00408| X
12.78887054| 22 | 20 | 62 | 18 | 41 | 37 | 22 | 0.0035 |0.00393|0.00393| X
12.78902248| 18 | 18 | 54 | 30 | 40 | 33 | 33 | 0.0035 |0.00429|0.00455| X
12.88724031| 19 | 21 | 61 | 28 | 42 | 32 | 28 | 0.0035 | 0.0036 | 0.0042 | X
12.92461114| 23 | 18 | 59 | 27 | 45 | 36 | 30 | 0.0035 |0.00363|0.00396| X
12.92662833| 17 | 23 | 63 | 26 | 44 | 40 | 30 |0.0035|0.0035|0.0035 | X
12.9440996 | 20 | 19 | 58 | 29 | 47 | 41 | 34 | 0.0035 |0.00375| 0.0038 | O
12.96003566| 18 | 22 | 62 | 18 | 43 | 37 | 20 | 0.0035 |0.00456|0.00488| X
13.01022798| 25 | 18 | 61 | 20 | 44 | 39 | 25 | 0.0035 |0.00363|0.00363| X
13.01722797| 23 | 17 | 57 | 26 | 44 | 41 | 34 | 0.0035 |0.00405|0.00378| X
13.03737027| 21 | 19 | 59 | 26 | 50 | 44 | 31 | 0.0035 |0.00375| 0.0038 | X
13.03818785| 25 | 17 | 59 | 20 | 38 | 32 | 24 | 0.0035 |0.00448|0.00464| X
13.10912304| 19 | 21 | 61 | 23 | 49 | 39 | 24 | 0.0035 |0.00392|0.00448| X
13.1670506 | 17 | 24 | 65 | 17 | 45 | 42 | 20 | 0.0035 |0.00374|0.00374| X
13.19356833| 23 | 19 | 61 | 22 | 53 | 42 | 24 | 0.0035 |0.00352| 0.004 | X
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13.19887945( 25 | 17 | 59 | 30 | 38 | 32 | 36 | 0.0035|0.0035 | 0.0035 | X
13.19887945| 25 | 17 | 59 | 30 | 38 | 32 | 36 |0.0035|0.0035 | 0.0035 | X
13.20159418| 24 | 17 | 58 | 27 | 36 | 33 | 35 | 0.0035 |0.00408|0.00378| X
13.21710005| 17 | 19 | 55 | 34 | 59 | 53 | 40 | 0.0035 | 0.0035 | 0.0035 | O
13.21710005| 17 | 19 | 55 | 34 | 59 | 53 | 40 | 0.0035 | 0.0035|0.0035 | O
13.2556939 | 17 | 23 | 63 | 30 | 37 | 33 | 34 | 0.0035|0.0035 | 0.0035| O
13.2556939 | 17 | 23 | 63 | 30 | 37 | 33 | 34 |0.0035|0.0035 | 0.0035| O
13.29142669| 22 | 18 | 58 | 31 | 39 | 31 | 34 | 0.0035 |0.00377|0.00406| X
13.29457487| 17 | 17 | 51 | 24 | 56 | 56 | 32 | 0.0035 |0.00462| 0.0042 | X
13.30251356( 19 | 21 | 61 | 21 | 40 | 45 | 31 | 0.0035 |0.00456|0.00366| O
13.3036785 | 19 | 22 | 63 | 20 | 45 | 38 | 22 | 0.0035 |0.00396|0.00429| X
13.38326503| 23 | 19 | 61 | 27 | 36 | 31 | 32 | 0.0035 |0.00368|0.00368| X
13.43675941| 20 | 17 | 54 | 32 | 63 | 56 | 39 | 0.0035 | 0.0035 | 0.0035| O
13.43675941| 20 | 17 | 54 | 32 | 63 | 56 | 39 | 0.0035 | 0.0035 | 0.0035| O
13.43675941| 20 | 17 | 54 | 32 | 63 | 56 | 39 | 0.0035 | 0.0035|0.0035| O
13.46098314| 22 | 20 | 62 | 25 | 44 | 39 | 30 |0.0035|0.0035|0.0035 | X
13.47356139| 21 | 17 | 55 | 32 | 59 | 52 | 39 | 0.0035|0.0035|0.0035 | X
13.47808059| 26 | 17 | 60 | 21 | 58 | 52 | 27 | 0.0035 | 0.0035 | 0.0035 | O
13.48061458| 20 | 19 | 58 | 32 | 43 | 33 | 33 | 0.0035 |0.00374|0.00425| X
13.49697399| 21 | 20 | 61 | 25 | 39 | 36 | 31 | 0.0035 |0.00402|0.00384| O
13.51640876| 20 | 17 | 54 | 33 | 58 | 50 | 39 | 0.0035 |0.00356|0.00364| O
13.52663857| 17 | 18 | 53 | 23 | 49 | 50 | 31 | 0.0035 |0.00495| 0.0044 | O
13.53694953| 19 | 22 | 63 | 26 | 35 | 31 | 30 | 0.0035 |0.00381|0.00381| O
13.53723903| 24 | 18 | 60 | 27 | 47 | 41 | 33 | 0.0035 | 0.0035 | 0.0035 | X
13.58706081| 20 | 17 | 54 | 30 | 70 | 63 | 37 |0.0035|0.0035|0.0035 | X
13.58706081| 20 | 17 | 54 | 30 | 70 | 63 | 37 | 0.0035|0.0035|0.0035| X
13.58777855| 22 | 20 | 62 | 27 | 40 | 35 | 32 |0.0035|0.0035|0.0035 | X
13.58777855| 22 | 20 | 62 | 27 | 40 | 35 | 32 |0.0035|0.0035|0.0035 | X
13.58887028| 21 | 17 | 55 | 33 | 57 | 50 | 40 | 0.0035 | 0.0035 | 0.0035 | X
13.69683546| 22 | 20 | 62 | 23 | 48 | 37 | 24 | 0.0035 |0.00366|0.00426| X
13.72852974| 21 | 19 | 59 | 29 | 55 | 42 | 30 | 0.0035 |0.00354|0.00413| X
13.73577649| 20 | 17 | 54 | 29 | 74 | 67 | 36 |0.0035 | 0.0035|0.0035| O
13.75928351| 19 | 22 | 63 | 19 | 43 | 40 | 23 | 0.0035 |0.00441|0.00434| O
13.77030072| 17 | 23 | 63 | 21 | 48 | 45 | 25 | 0.0035 | 0.0042 |0.00414| X
13.77688142| 22 | 21 | 64 | 17 | 50 | 46 | 21 |0.0035 | 0.0035 | 0.0035 | O
13.77708428| 20 | 21 | 62 | 23 | 45 | 34 | 23 | 0.0035 |0.00399|0.00476] O
13.78960059| 21 | 21 | 63 | 23 | 48 | 36 | 23 | 0.0035 |0.00354|0.00426| X
13.79534679| 17 | 24 | 65 | 22 | 41 | 34 | 23 | 0.0035 | 0.0038 | 0.0042 | O
13.79680544| 25 | 17 | 59 | 26 | 48 | 35 | 27 | 0.0035 |0.00372|0.00444| X
13.81393287| 26 | 18 | 62 | 17 | 57 | 52 | 22 | 0.0035|0.0035 | 0.0035 | X
13.81740006| 22 | 17 | 56 | 33 | 54 | 47 | 40 | 0.0035 | 0.0035|0.0035 | X
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13.81912537| 17 | 22 | 61 | 24 | 44 | 43 | 30 | 0.0035 |0.00438|0.00408| X
13.84410376| 20 | 21 | 62 | 25 | 38 | 31 | 27 | 0.0035 |0.00406|0.00441| O
13.8987873 | 25 | 17 | 59 | 25 | 43 | 35 | 29 | 0.0035 | 0.004 [0.00425| O
13.91470418| 18 | 17 | 52 | 33 | 70 | 63 | 40 | 0.0035 | 0.0035 | 0.0035 | O
13.92507505| 21 | 18 | 57 | 31 | 53 | 40 | 32 | 0.0035 |0.00366|0.00427| X
14.01010843| 19 | 21 | 61 | 26 | 56 | 46 | 28 | 0.0035 | 0.0037 | 0.0041 | X
14.01126055| 20 | 18 | 56 | 31 | 47 | 38 | 34 | 0.0035 |0.00396|0.00429| X
14.02000889| 18 | 21 | 60 | 24 | 52 | 50 | 30 | 0.0035 | 0.0042 |0.00399| X
14.02183995| 17 | 22 | 61 | 30 | 57 | 52 | 35 | 0.0035 | 0.0035 | 0.0035| X
14.02183995| 17 | 22 | 61 | 30 | 57 | 52 | 35 | 0.0035 | 0.0035 | 0.0035 | X
14.02624433| 17 | 22 | 61 | 31 | 54 | 49 | 36 | 0.0035 | 0.0035 | 0.0035| O
14.0327825 | 17 | 22 | 61 | 29 | 60 | 55 | 34 | 0.0035 | 0.0035 | 0.00385| O
14.03308544| 20 | 22 | 64 | 20 | 36 | 37 | 27 | 0.0035 |0.00424|0.00371] X
14.04466625| 24 | 19 | 62 | 25 | 37 | 32 | 30 | 0.0035 |0.00374|0.00374| X
14.0562201 | 27 | 17 | 61 | 22 | 51 | 45 | 28 | 0.0035 | 0.0035 | 0.0035 | O
14.0665007 | 19 | 17 | 53 | 22 | 79 | 74 | 28 | 0.0035 |0.00408(0.00404| X
141071627 | 28 | 17 | 62 | 17 | 46 | 41 | 22 | 0.0035 |0.00368|0.00368| O
14.1071627 | 28 | 17 | 62 | 17 | 46 | 41 | 22 | 0.0035 |0.00368(0.00368| O
1411699621 18 | 23 | 64 | 24 | 48 | 39 | 25 | 0.0035 |0.00368|0.00414| X
14.14123592| 20 | 20 | 60 | 26 | 48 | 36 | 26 | 0.0035 |0.00403|0.00481| X
14.18729024| 17 | 24 | 65 | 17 | 58 | 46 | 17 | 0.0035 |0.00399|0.00475| O
14.19394804| 20 | 19 | 58 | 29 | 49 | 44 | 35 | 0.0035 |0.00395| 0.0039 | O
14.23981374| 23 | 18 | 59 | 24 | 30 | 27 | 30 | 0.0035 |0.00494)|0.00468| X
1425697512 18 | 22 | 62 | 27 | 41 | 40 | 34 | 0.0035 |0.00407|0.00374| X
14.25697512| 18 | 22 | 62 | 27 | 41 | 40 | 34 | 0.0035 |0.00407)|0.00374| X
14.28818634| 17 | 23 | 63 | 36 | 32 | 28 | 40 | 0.0035 | 0.0035 | 0.0035 | X
14.28966548| 20 | 20 | 60 | 20 | 60 | 54 | 24 | 0.0035 |0.00429| 0.0044 | X
14.30764971| 21 | 17 | 55 | 37 | 50 | 43 | 44 |0.0035 | 0.0035 | 0.0035 | O
14.33045585| 19 | 22 | 63 | 26 | 40 | 39 | 33 | 0.0035 |0.00396|0.00363| X
14.33758628| 17 | 24 | 65 | 25 | 50 | 46 | 29 | 0.0035|0.0035|0.0035 | X
14.33905306| 18 | 22 | 62 | 28 | 23 | 21 | 33 | 0.0035 |0.00468|0.00442| X
14.37756019| 25 | 17 | 59 | 20 | 55 | 56 | 29 | 0.0035 |0.00425|0.00375| X
1438250852 21 | 19 | 59 | 27 | 51 | 46 | 33 | 0.0035 |0.00395| 0.0039 | X
1439073941 17 | 21 | 59 | 33 | 45 | 36 | 34 | 0.0035 |0.00385|0.00429| X
14.44874764| 17 | 17 | 51 | 36 | 67 | 60 | 43 | 0.0035|0.0035|0.0035 | X
14.44874764| 17 | 17 | 51 | 36 | 67 | 60 | 43 | 0.0035|0.0035|0.0035 | X
14.45371642| 17 | 19 | 55 | 27 | 53 | 60 | 40 | 0.0035 | 0.0044 |0.00352| X
14.45977766| 17 | 17 | 51 | 35 | 70 | 63 | 42 | 0.0035 | 0.0035 | 0.0035 | X
14.47550205| 17 | 17 | 51 | 34 | 73 | 66 | 41 | 0.0035|0.0035|0.0035 | X
14.47550205| 17 | 17 | 51 | 34 | 73 | 66 | 41 | 0.0035|0.0035|0.0035 | X
14.49129581| 23 | 20 | 63 | 27 | 38 | 33 | 32 | 0.0035 |0.00357|0.00357| O
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14497524 | 21 | 20 | 61 | 19 | 58 | 50 | 22 | 0.0035 [0.00432|0.00462| X
14.50210908| 17 | 23 | 63 | 28 | 50 | 38 | 27 | 0.0035 | 0.0037 |0.00444| X
14.52001693| 21 | 19 | 59 | 26 | 47 | 40 | 30 | 0.0035 | 0.0042 |0.00438| X
14.52320378| 19 | 22 | 63 | 17 | 52 | 54 | 23 | 0.0035 |0.00462)|0.00414| O
14.52340843| 19 | 21 | 61 | 32 | 36 | 30 | 35 | 0.0035 | 0.0039 |0.00408| X
14.54633258| 20 | 18 | 56 | 29 | 44 | 38 | 34 | 0.0035 |0.00432|0.00438| X
14.55373129| 25 | 17 | 59 | 28 | 33 | 24 | 29 | 0.0035 |0.00424)|0.00488| O
14.55654297| 19 | 23 | 65 | 24 | 36 | 29 | 25 | 0.0035 |0.00387| 0.0043 | X
1457261563 24 | 18 | 60 | 28 | 50 | 37 | 29 | 0.0035 |0.00363|0.00429| X
1458339648 27 | 18 | 63 | 17 | 53 | 48 | 22 | 0.0035 | 0.0035 | 0.0035 | X
14.58641193| 23 | 19 | 61 | 30 | 40 | 31 | 32 | 0.0035 |0.00369| 0.0041 | X
14588395 | 24 | 17 | 58 | 33 | 49 | 42 | 40 | 0.0035 | 0.0035 | 0.0035| X
14588395 | 24 | 17 | 58 | 33 | 49 | 42 | 40 | 0.0035 | 0.0035 | 0.0035 | X
14.60178323| 17 | 22 | 61 | 28 | 42 | 34 | 29 | 0.0035 |0.00423| 0.0047 | X
14.61276599| 17 | 24 | 65 | 23 | 43 | 40 | 27 | 0.0035 |0.00402|0.00396| O
14.62634279| 20 | 21 | 62 | 25 | 43 | 39 | 30 | 0.0035 |0.00414|0.00408| X
14.63954621| 17 | 25 | 67 | 18 | 43 | 40 | 21 | 0.0035 |0.00381|0.00381| O
14.66105131| 17 | 17 | 51 | 33 | 77 | 70 | 40 | 0.0035|0.0035 | 0.0035 | X
14.66105131| 17 | 17 | 51 | 33 | 77 | 70 | 40 | 0.0035 | 0.0035 | 0.0035 | X
147039061 | 18 | 22 | 62 | 28 | 40 | 31 | 28 | 0.0035 |0.00413|0.00476| X
14.70903813| 22 | 20 | 62 | 26 | 44 | 35 | 28 | 0.0035 |0.00387| 0.0043 | X
14.71565202| 26 | 18 | 62 | 18 | 54 | 55 | 26 | 0.0035 |0.00396|0.00352| X
147233968 | 20 | 18 | 56 | 24 | 51 | 47 | 30 | 0.0035 |0.00462| 0.0045 | X
14.72961393| 22 | 20 | 62 | 27 | 32 | 28 | 32 | 0.0035 | 0.0042 |0.00413| X
14.74825402| 21 | 19 | 59 | 27 | 51 | 39 | 28 | 0.0035 |0.00402)|0.00468| X
1474948352 23 | 20 | 63 | 21 | 47 | 41 | 25 | 0.0035 |0.00396|0.00408| O
14.76296722| 20 | 17 | 54 | 23 | 54 | 60 | 35 | 0.0035 |0.00475|0.00385| X
14.77154218| 23 | 21 | 65 | 17 | 46 | 42 | 21 | 0.0035 |0.00368|0.00368| X
1477154218 23 | 21 | 65 | 17 | 46 | 42 | 21 | 0.0035 |0.00368|0.00368| X
14.80356609| 17 | 22 | 61 | 30 | 45 | 34 | 29 | 0.0035 |0.00399|0.00475| X
14.83418479| 24 | 18 | 60 | 28 | 43 | 34 | 31 | 0.0035 | 0.0039 |0.00426| X
14.83676912| 26 | 18 | 62 | 21 | 31 | 26 | 25 | 0.0035 |0.00459|0.00468| X
14.91029298| 21 | 22 | 65 | 17 | 49 | 37 | 17 | 0.0035 |0.00405|0.00495| O
1491079092 22 | 21 | 64 | 25 | 47 | 42 | 30 | 0.0035 | 0.0035 | 0.0035 | X
14.91079092| 22 | 21 | 64 | 25 | 47 | 42 | 30 |0.0035|0.0035|0.0035 | X
14.92946569| 25 | 19 | 63 | 21 | 34 | 29 | 25 | 0.0035 |0.00432| 0.0044 | O
14.93387745| 19 | 20 | 59 | 27 | 50 | 49 | 35 | 0.0035 | 0.0042 |0.00385| X
14.94132694| 25 | 17 | 59 | 30 | 47 | 33 | 30 | 0.0035 |0.00369|0.00451| X
14.94258107| 17 | 23 | 63 | 26 | 33 | 33 | 33 | 0.0035 |0.00462|0.00413| X
14.95882949| 28 | 17 | 62 | 20 | 57 | 51 | 26 | 0.0035 |0.0035 | 0.0035| O
14.95882949| 28 | 17 | 62 | 20 | 57 | 51 | 26 | 0.0035 | 0.0035 | 0.0035| O
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14.96555708| 18 | 21 | 60 | 28 | 54 | 43 | 29 | 0.0035 |0.00396|0.00451| X
14.97317684| 19 | 22 | 63 | 23 | 46 | 43 | 28 | 0.0035 |0.00426|0.00414| X
15.02170643| 22 | 19 | 60 | 30 | 41 | 33 | 33 | 0.0035 |0.00396|0.00426| X
15.05404052| 27 | 17 | 61 | 22 | 40 | 34 | 27 | 0.0035 |0.00427|0.00434| X
15.06594929| 20 | 22 | 64 | 28 | 42 | 32 | 28 | 0.0035 |0.00366|0.00427| X
15.07230128| 18 | 22 | 62 | 24 | 47 | 44 | 29 | 0.0035 |0.00438|0.00426| X
15.07230128| 18 | 22 | 62 | 24 | 47 | 44 | 29 | 0.0035 |0.00438|0.00426| X
15.07987269| 26 | 18 | 62 | 22 | 42 | 39 | 29 | 0.0035 |0.00408|0.00384| X
15.08105638| 20 | 21 | 62 | 29 | 34 | 31 | 35 | 0.0035 |0.00418|0.00399| O
15.08656431| 18 | 24 | 66 | 17 | 53 | 49 | 20 | 0.0035 |0.00414| 0.0042 | X
15.1000543 | 19 | 22 | 63 | 25 | 41 | 34 | 27 | 0.0035 |0.00427(0.00462| O
15.11382605| 28 | 17 | 62 | 17 | 47 | 40 | 21 | 0.0035 |0.00427|0.00448| O
15.11618689| 24 | 20 | 64 | 19 | 47 | 36 | 20 | 0.0035 |0.00392|0.00462| X
15.11760462| 23 | 19 | 61 | 26 | 52 | 45 | 31 | 0.0035 | 0.0038 | 0.0039 | X
15.13404763| 22 | 17 | 56 | 43 | 33 | 27 | 49 |0.0035 | 0.0035 | 0.0035| O
15.15211604| 20 | 21 | 62 | 27 | 40 | 37 | 33 | 0.0035 | 0.0042 |0.00402| O
15.22171759| 22 | 20 | 62 | 23 | 45 | 39 | 27 | 0.0035 |0.00429|0.00442| X
15.23780374| 21 | 22 | 65 | 21 | 49 | 37 | 21 |0.0035 |0.00377)|0.00455| X
15.24198687| 20 | 22 | 64 | 19 | 49 | 53 | 27 | 0.0035 | 0.0044 |0.00374| X
152588949 | 23 | 21 | 65 | 17 | 43 | 43 | 23 | 0.0035 |0.00418| 0.0038 | O
15.27077609| 19 | 21 | 61 | 35 | 32 | 23 | 33 | 0.0035 |0.00392|0.00469| O
15.33943074| 20 | 22 | 64 | 22 | 46 | 43 | 27 | 0.0035 | 0.0042 |0.00408| X
15.34142903| 17 | 24 | 65 | 24 | 46 | 41 | 27 | 0.0035 |0.00408| 0.0042 | X
15.34885294| 25 | 17 | 59 | 25 | 57 | 48 | 30 | 0.0035|0.0039 | 0.0041 | X
15.35040443| 20 | 22 | 64 | 23 | 43 | 37 | 26 | 0.0035|0.0042 | 0.0044 | X
15.35128087| 21 | 21 | 63 | 24 | 51 | 43 | 27 | 0.0035 |0.00392| 0.0042 | X
15.35226475| 25 | 19 | 63 | 22 | 41 | 32 | 24 | 0.0035 |0.00408|0.00459| X
15.36666265| 28 | 17 | 62 | 21 | 49 | 37 | 23 | 0.0035 |0.00384|0.00448| X
15.40456809| 20 | 23 | 66 | 18 | 50 | 49 | 23 | 0.0035 |0.00396|0.00374| X
15.40849419| 17 | 20 | 57 | 37 | 40 | 30 | 36 | 0.0035 |0.00396|0.00462| X
15.41097993| 17 | 22 | 61 | 29 | 49 | 41 | 31 | 0.0035 |0.00408|0.00442| O
15.42541487| 28 | 18 | 64 | 17 | 50 | 45 | 22 | 0.0035 | 0.0035 | 0.0035 | X
15.42610649| 25 | 19 | 63 | 17 | 60 | 48 | 19 | 0.0035 |0.00402|0.00462| O
15.44977706| 23 | 20 | 63 | 23 | 43 | 37 | 27 | 0.0035 |0.00416|0.00429| O
15.45675965| 21 | 20 | 61 | 29 | 49 | 39 | 31 |0.0035 |0.00385|0.00429| O
15.45896341| 20 | 21 | 62 | 20 | 50 | 51 | 27 | 0.0035 |0.00468| 0.0042 | X
15.47804301| 23 | 19 | 61 | 26 | 43 | 36 | 30 | 0.0035 |0.00418|0.00437| X
15.48848496| 19 | 22 | 63 | 35 | 41 | 36 | 40 | 0.0035|0.0035|0.0035 | X
15.49243521| 23 | 20 | 63 | 22 | 47 | 36 | 23 | 0.0035 |0.00413|0.00483| O
15.49773324| 18 | 24 | 66 | 21 | 50 | 43 | 23 | 0.0035 |0.00396|0.00426| X
15.54827938| 18 | 22 | 62 | 24 | 41 | 45 | 34 | 0.0035 |0.00474]| 0.0039 | X
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15.56686053| 17 | 23 | 63 | 31 | 58 | 53 | 36 | 0.0035 | 0.0035 | 0.0035 | O
15.57272323| 17 | 25 | 67 | 20 | 46 | 44 | 24 | 0.0035 |0.00408|0.00396| X
15.58248981| 22 | 21 | 64 | 21 | 47 | 40 | 24 | 0.0035 |0.00416|0.00442| X
15.58744749| 21 | 21 | 63 | 20 | 48 | 45 | 25 | 0.0035 |0.00455|0.00442| X
15.59340035| 21 | 22 | 65 | 22 | 38 | 30 | 23 | 0.0035 |0.00424| 0.0048 | X
15.61469759| 21 | 21 | 63 | 25 | 56 | 47 | 28 | 0.0035 |0.00375|0.00405| X
15.619282 | 17 | 17 | 51 | 36 | 48 | 37 | 37 | 0.0035 [0.00407|0.00462| X
15.63943057| 21 | 21 | 63 | 24 | 40 | 35 | 28 | 0.0035 |0.00441|0.00448| X
15.64044753| 29 | 17 | 63 | 18 | 46 | 42 | 24 | 0.0035 |0.00396|0.00384| X
15.64126411| 26 | 19 | 64 | 17 | 38 | 35 | 22 | 0.0035 |0.00456| 0.0044 | O
15.68164978| 19 | 23 | 65 | 30 | 40 | 33 | 32 | 0.0035 |0.00364|0.00392| X
15.71357052| 19 | 23 | 65 | 24 | 31 | 33 | 33 | 0.0035 |0.00462|0.00385| X
15.72749438| 18 | 22 | 62 | 31 | 41 | 41 | 40 | 0.0035 |0.00405| 0.0036 | X
15.75321749| 25 | 20 | 65 | 21 | 47 | 42 | 26 | 0.0035 | 0.0035|0.0035 | X
15.75321749| 25 | 20 | 65 | 21 | 47 | 42 | 26 | 0.0035|0.0035|0.0035 | X
15.75321749| 25 | 20 | 65 | 21 | 47 | 42 | 26 | 0.0035|0.0035|0.0035 | X
15.75499969| 24 | 20 | 64 | 24 | 33 | 30 | 30 | 0.0035 | 0.0042 |0.00399| X
15759103 | 29 | 17 | 63 | 18 | 36 | 37 | 27 | 0.0035 [0.00448|0.00378| X
15.76001361| 20 | 22 | 64 | 27 | 44 | 36 | 29 | 0.0035 | 0.0039 |0.00426| X
15.76553414| 25 | 20 | 65 | 22 | 44 | 39 | 27 | 0.0035 |0.00352|0.00352| X
15.77355316| 25 | 17 | 59 | 26 | 37 | 35 | 35 | 0.0035 | 0.0046 |0.00414| X
15.79723285| 24 | 18 | 60 | 29 | 49 | 35 | 29 | 0.0035 |0.00384|0.00468| X
15.80274103| 20 | 23 | 66 | 22 | 39 | 34 | 25 | 0.0035 |0.00413|0.00427| O
15.81448454| 25 | 19 | 63 | 24 | 38 | 34 | 30 | 0.0035 |0.00416|0.00403| X
15.82468067| 23 | 20 | 63 | 25 | 48 | 38 | 27 | 0.0035 | 0.0039 |0.00438| O
15.82574246| 24 | 19 | 62 | 21 | 51 | 42 | 24 | 0.0035 |0.00429|0.00468| X
15.84385442| 25 | 20 | 65 | 19 | 40 | 35 | 23 | 0.0035 |0.00406|0.00413| X
15.86045104| 17 | 25 | 67 | 26 | 50 | 46 | 30 |0.0035|0.0035|0.0035 | X
15.86045104| 17 | 25 | 67 | 26 | 50 | 46 | 30 | 0.0035|0.0035|0.0035 | X
15.87562229| 21 | 22 | 65 | 26 | 49 | 37 | 26 | 0.0035 |0.00357|0.00425| O
15.87939517| 17 | 25 | 67 | 23 | 35 | 34 | 28 | 0.0035 |0.00434|0.00406| X
15.91429039| 17 | 23 | 63 | 30 | 42 | 43 | 39 |0.0035|0.0041 | 0.0036 | X
15.94244017| 20 | 17 | 54 | 39 | 37 | 27 | 39 | 0.0035 |0.00396|0.00456| X
15.94306863| 17 | 25 | 67 | 22 | 48 | 40 | 23 | 0.0035 |0.00396| 0.0044 | X
15.94740838| 24 | 20 | 64 | 21 | 40 | 36 | 26 | 0.0035 |0.00434)|0.00427| X
15.95681556| 23 | 21 | 65 | 22 | 43 | 39 | 27 | 0.0035 |0.00396| 0.0039 | X
15.96033184| 24 | 20 | 64 | 21 | 45 | 39 | 25 | 0.0035 |0.00416|0.00429| X
15.96172022| 25 | 19 | 63 | 21 | 44 | 48 | 32 | 0.0035 |0.00432]|0.00351| X
15.96429733| 21 | 22 | 65 | 23 | 45 | 37 | 25 | 0.0035 |0.00403|0.00442| O
15.96747154| 17 | 26 | 69 | 17 | 54 | 51 | 20 | 0.0035 | 0.0035 | 0.0035 | O
15.96747154| 17 | 26 | 69 | 17 | 54 | 51 | 20 | 0.0035 | 0.0035 | 0.0035 | O
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15.98748109| 20 | 22 | 64 | 23 | 43 | 37 | 26 | 0.0035 |0.00441|0.00462| X
15.99283173| 23 | 21 | 65 | 17 | 46 | 48 | 24 | 0.0035 |0.00448|0.00392| X
16.00081236 19 | 21 | 61 | 29 | 53 | 46 | 33 | 0.0035 |0.00395| 0.0041 | O
16.00742717| 19 | 23 | 65 | 22 | 36 | 38 | 30 | 0.0035 |0.00476|0.00406| X
16.01917014| 19 | 24 | 67 | 22 | 38 | 39 | 29 | 0.0035 |0.00408| 0.0036 | X
16.02393844| 26 | 18 | 62 | 34 | 35 | 29 | 40 | 0.0035|0.0035 | 0.0035 | X
16.03024586| 20 | 21 | 62 | 32 | 45 | 34 | 32 | 0.0035 |0.00378|0.00441| X
16.04279707| 17 | 25 | 67 | 19 | 52 | 48 | 22 | 0.0035 | 0.0042 |0.00426| X
16.06547252| 18 | 19 | 56 | 31 | 41 | 39 | 39 | 0.0035 |0.00455| 0.0042 | X
16.07840613| 22 | 18 | 58 | 37 | 51 | 33 | 33 | 0.0035 |0.00351|0.00468| X
16.11187786| 21 | 23 | 67 | 20 | 46 | 35 | 20 | 0.0035 | 0.0037 |0.00444| X
16.11192511| 22 | 21 | 64 | 26 | 48 | 44 | 32 | 0.0035 | 0.0038 | 0.0037 | X
16.1255168 | 28 | 17 | 62 | 24 | 36 | 31 | 30 | 0.0035|0.00427| 0.0042 | X
16.14997546| 30 | 17 | 64 | 17 | 42 | 37 | 22 | 0.0035 |0.00393|0.00393| O
16.15632477| 30 | 17 | 64 | 17 | 46 | 35 | 19 | 0.0035 |0.00378|0.00441| O
16.17394466| 18 | 18 | 54 | 34 | 50 | 43 | 39 | 0.0035 | 0.0041 | 0.0042 | X
16.18364845| 30 | 17 | 64 | 17 | 43 | 31 | 18 | 0.0035 |0.00392| 0.0048 | O
16.20391027| 17 | 24 | 65 | 23 | 39 | 39 | 29 | 0.0035 |0.00476|0.00434| O
16.20693561| 27 | 19 | 65 | 17 | 58 | 53 | 22 | 0.0035 | 0.0035 | 0.0035 | O
16.20693561| 27 | 19 | 65 | 17 | 58 | 53 | 22 | 0.0035 | 0.0035 | 0.0035 | O
16.21137296| 23 | 19 | 61 | 26 | 53 | 40 | 27 | 0.0035 |0.00402|0.00474| O
16.21229582| 25 | 17 | 59 | 22 | 47 | 45 | 30 | 0.0035 |0.00475]|0.00437| X
16.2199867 | 27 | 17 | 61 | 30 | 46 | 34 | 32 | 0.0035 |0.00363(0.00418| X
16.23163769| 20 | 21 | 62 | 31 | 45 | 34 | 31 | 0.0035 | 0.0039 |0.00456| O
16.24880005| 22 | 21 | 64 | 24 | 43 | 40 | 30 | 0.0035 | 0.0042 |0.00402| X
16.25220494| 24 | 19 | 62 | 18 | 48 | 50 | 26 | 0.0035 |0.00494|0.00429| X
16.25969806| 20 | 23 | 66 | 22 | 43 | 33 | 22 | 0.0035 |0.00418|0.00494| X
16.26460579| 17 | 26 | 69 | 20 | 39 | 36 | 23 | 0.0035 |0.00393|0.00393| O
16.27096948| 20 | 22 | 64 | 27 | 41 | 37 | 32 | 0.0035 |0.00414|0.00408| X
16.28639538| 30 | 17 | 64 | 18 | 54 | 47 | 23 | 0.0035 | 0.0035 | 0.0036 | X
16.28976994| 19 | 22 | 63 | 29 | 40 | 36 | 34 | 0.0035 | 0.0042 |0.00414| X
16.28977312| 18 | 17 | 52 | 28 | 53 | 45 | 32 | 0.0035 |0.00462|0.00486| O
16.30796891| 24 | 20 | 64 | 25 | 41 | 31 | 26 | 0.0035 |0.00399|0.00462| X
16.31893394| 19 | 20 | 59 | 28 | 44 | 38 | 32 | 0.0035 |0.00455|0.00468| X
16.33348843| 23 | 21 | 65 | 21 | 33 | 36 | 31 |0.0035 |0.00469|0.00378| X
16.33638735| 19 | 24 | 67 | 29 | 35 | 31 | 33 | 0.0035 |0.00363|0.00363| O
16.33825289| 22 | 22 | 66 | 21 | 45 | 37 | 23 | 0.0035| 0.004 | 0.0044 | X
16.36223269| 22 | 22 | 66 | 24 | 51 | 43 | 27 | 0.0035 | 0.0035 |0.00375| X
16.36641935| 23 | 22 | 67 | 18 | 44 | 40 | 22 | 0.0035 |0.00374|0.00374| X
16.38020696| 27 | 17 | 61 | 33 | 44 | 37 | 40 |0.0035|0.0035|0.0035 | X
16.38020696| 27 | 17 | 61 | 33 | 44 | 37 | 40 | 0.0035 | 0.0035|0.0035 | X
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16.39114425| 21 | 23 | 67 | 19 | 44 | 37 | 21 | 0.0035 |0.00406|0.00441| O
16.39483206( 18 | 21 | 60 | 28 | 42 | 45 | 39 | 0.0035 |0.00462|0.00385| X
16.49225407| 18 | 23 | 64 | 28 | 37 | 32 | 31 |0.0035 |0.00441|0.00455| O
16.49523195| 30 | 17 | 64 | 22 | 45 | 39 | 28 | 0.0035 | 0.0035 | 0.0035 | O
16.49523195| 30 | 17 | 64 | 22 | 45 | 39 | 28 | 0.0035 | 0.0035 | 0.0035 | O
16.49523195| 30 | 17 | 64 | 22 | 45 | 39 | 28 | 0.0035 | 0.0035 | 0.0035 | O
16.49523195| 30 | 17 | 64 | 22 | 45 | 39 | 28 | 0.0035 | 0.0035 | 0.0035| O
16.51272814| 29 | 17 | 63 | 19 | 47 | 44 | 26 | 0.0035 | 0.0042 |0.00396| X
16.51513639| 30 | 17 | 64 | 21 | 48 | 42 | 27 |0.0035 | 0.0035 | 0.0035 | X
16.51513639| 30 | 17 | 64 | 21 | 48 | 42 | 27 |0.0035 | 0.0035 | 0.0035 | X
16.53997209| 17 | 24 | 65 | 26 | 41 | 35 | 28 | 0.0035 |0.00441|0.00469| X
16.53997209| 17 | 24 | 65 | 26 | 41 | 35 | 28 | 0.0035 |0.00441]|0.00469| X
16.54341214| 28 | 17 | 62 | 24 | 64 | 57 | 31 |0.0035|0.0035|0.0035 | X
16.55061338| 22 | 22 | 66 | 21 | 47 | 42 | 25 | 0.0035 |0.00402|0.00408| X
16.55264676| 17 | 25 | 67 | 21 | 55 | 46 | 22 | 0.0035 |0.00408|0.00456| X
16.56944404| 30 | 17 | 64 | 20 | 52 | 46 | 26 | 0.0035|0.0035|0.0035 | X
16.57082489| 20 | 22 | 64 | 29 | 43 | 35 | 31 | 0.0035 |0.00396|0.00432| X
16.64364882| 29 | 17 | 63 | 25 | 46 | 34 | 27 | 0.0035 |0.00366|0.00426] O
16.67229129| 19 | 23 | 65 | 30 | 53 | 41 | 30 | 0.0035 |0.00355|0.00415| O
16.67336776| 26 | 19 | 64 | 21 | 38 | 36 | 28 | 0.0035 |0.00448)|0.00413| X
16.71968728| 20 | 22 | 64 | 25 | 39 | 38 | 32 | 0.0035 |0.00455]|0.00416| X
16.72986994| 22 | 21 | 64 | 21 | 51 | 47 | 26 | 0.0035 |0.00438|0.00432| X
16.73472448| 24 | 21 | 66 | 24 | 39 | 31 | 26 | 0.0035|0.0038 | 0.0042 | X
16.75220603| 29 | 17 | 63 | 20 | 45 | 37 | 24 | 0.0035 |0.00427|0.00455| X
16.75227886| 17 | 22 | 61 | 30 | 44 | 39 | 34 | 0.0035 |0.00438|0.00444| X
16.77313223| 23 | 21 | 65 | 17 | 46 | 46 | 23 | 0.0035 |0.00483|0.00441| X
16.77877518| 17 | 25 | 67 | 26 | 25 | 23 | 30 | 0.0035 |0.00477)|0.00459| O
16.7885967 | 25 | 20 | 65 | 22 | 45 | 34 | 23 | 0.0035 |0.00399(0.00469| X
16.79490528| 23 | 22 | 67 | 19 | 51 | 40 | 20 | 0.0035 |0.00372|0.00434| X
16.81662977| 21 | 20 | 61 | 27 | 48 | 41 | 31 | 0.0035 |0.00432| 0.0045 | X
16.81920621| 23 | 21 | 65 | 21 | 45 | 38 | 24 | 0.0035 |0.00434|0.00462| X
16.82808066| 21 | 17 | 55 | 36 | 66 | 57 | 43 | 0.0035 | 0.0035 |0.00357| X
16.83913648| 26 | 17 | 60 | 34 | 50 | 41 | 40 | 0.0035 |0.00351|0.00364| X
16.85490019| 26 | 17 | 60 | 41 | 30 | 24 | 47 | 0.0035 | 0.0035 | 0.00385| O
16.89494456| 17 | 25 | 67 | 21 | 59 | 56 | 25 | 0.0035 |0.00405| 0.004 | O
16.90603865| 18 | 23 | 64 | 25 | 47 | 44 | 30 | 0.0035 |0.00444]0.00432| X
16.90604841| 19 | 24 | 67 | 25 | 37 | 30 | 26 | 0.0035 | 0.0042 |0.00465| X
16.91034197| 23 | 19 | 61 | 25 | 51 | 43 | 29 | 0.0035 |0.00432|0.00456| O
16.91459571| 19 | 17 | 53 | 31 | 59 | 56 | 40 | 0.0035 |0.00416| 0.0039 | X
16.92546639| 19 | 25 | 69 | 17 | 47 | 39 | 18 | 0.0035 |0.00399|0.00448| X
16.94323949| 24 | 21 | 66 | 23 | 43 | 37 | 27 | 0.0035 |0.00384|0.00396| X
155

doi:10.6342/NTU201802573



16.96405988| 20 | 24 | 68 | 26 | 37 | 33 | 30 | 0.0035 |0.00368|0.00368| X
16.96514103| 17 | 25 | 67 | 20 | 49 | 43 | 22 | 0.0035 |0.00455|0.00483| O
16.96898412| 25 | 21 | 67 | 17 | 40 | 36 | 21 | 0.0035 |0.00407|0.00407| X
16.98386046| 24 | 20 | 64 | 24 | 44 | 40 | 30 | 0.0035 | 0.0042 |0.00408| X
16.99731654| 24 | 20 | 64 | 20 | 47 | 41 | 24 | 0.0035 |0.00455|0.00469| X
17.00125309| 24 | 18 | 60 | 32 | 20 | 21 | 47 | 0.0035 |0.00476|0.00364| X
17.01105828| 23 | 22 | 67 | 19 | 51 | 40 | 20 | 0.0035 |0.00384|0.00448| X
17.01190922| 22 | 21 | 64 | 30 | 50 | 36 | 29 | 0.0035 |0.00364|0.00448| X
17.01733777| 25 | 19 | 63 | 25 | 47 | 39 | 29 | 0.0035 |0.00408|0.00432| O
17.01733777| 25 | 19 | 63 | 25 | 47 | 39 | 29 | 0.0035 |0.00408|0.00432| O
17.02446819| 20 | 24 | 68 | 19 | 41 | 40 | 24 | 0.0035 |0.00432|0.00405| X
17.0287476 | 17 | 25 | 67 | 36 | 35 | 31 | 40 | 0.0035 | 0.0035 | 0.0085| O
17.04032671| 20 | 23 | 66 | 26 | 36 | 34 | 32 | 0.0035 |0.00429|0.00403| X
17.05112378| 20 | 22 | 64 | 29 | 43 | 35 | 31 | 0.0035 |0.00407)|0.00444| X
17.05730999| 25 | 20 | 65 | 19 | 41 | 39 | 25 | 0.0035 |0.00464|0.00435| X
17.07533747| 24 | 21 | 66 | 23 | 47 | 36 | 24 | 0.0035 |0.00378|0.00441| X
17.08885905| 30 | 17 | 64 | 20 | 49 | 40 | 24 | 0.0035 |0.00384|0.00414| X
17.10458094| 17 | 25 | 67 | 28 | 52 | 43 | 29 | 0.0035 |0.00369| 0.0041 | X
17.11464807| 22 | 22 | 66 | 27 | 36 | 30 | 30 | 0.0035| 0.004 | 0.0042 | X
17.14195897| 22 | 22 | 66 | 19 | 53 | 46 | 22 | 0.0035 |0.00425| 0.0045 | X
17.20852617| 24 | 19 | 62 | 25 | 51 | 50 | 34 | 0.0035 | 0.0042 | 0.0038 | X
17.21211656| 24 | 21 | 66 | 22 | 30 | 29 | 29 | 0.0035 |0.00464)|0.00416| X
17.22844355| 25 | 20 | 65 | 25 | 43 | 36 | 29 | 0.0035 | 0.0039 |0.00408| X
17.2330202 | 28 | 19 | 66 | 19 | 47 | 33 | 19 | 0.0035 |0.00364|0.00462| O
17.24526855| 18 | 25 | 68 | 24 | 43 | 34 | 24 | 0.0035 |0.00406|0.00469| X
17.254405 | 20 | 21 | 62 | 34 | 45 | 32 | 32 | 0.0035 [0.00384|0.00474| X
17.26645819| 23 | 17 | 57 | 34 | 67 | 59 | 42 | 0.0035 | 0.0035 | 0.0035 | O
17.26645819| 23 | 17 | 57 | 34 | 67 | 59 | 42 | 0.0035 | 0.0035 | 0.0035 | O
17.27577498| 23 | 17 | 57 | 33 | 70 | 62 | 41 | 0.0035 | 0.0035 | 0.0035 | O
17.27577498| 23 | 17 | 57 | 33 | 70 | 62 | 41 |0.0035 | 0.0035 | 0.0035 | O
17.29335287| 23 | 19 | 61 | 24 | 46 | 39 | 28 | 0.0035 |0.00469| 0.0049 | X
17.30141731| 17 | 24 | 65 | 32 | 60 | 55 | 37 |0.0035|0.0035|0.0035 | X
17.31120931| 20 | 23 | 66 | 25 | 42 | 40 | 31 | 0.0035 |0.00426|0.00402| O
17.31305966| 18 | 20 | 58 | 39 | 46 | 36 | 40 | 0.0035 | 0.0038 |0.00425| X
17.31702185| 20 | 23 | 66 | 20 | 49 | 47 | 25 | 0.0035 |0.00456|0.00437| O
17.31965467| 27 | 19 | 65 | 18 | 51 | 44 | 22 | 0.0035 |0.00418|0.00437| X
17.32203625| 18 | 25 | 68 | 21 | 52 | 45 | 23 | 0.0035 |0.00408|0.00438| O
17.32678425| 24 | 17 | 58 | 30 | 60 | 41 | 29 | 0.0035 |0.00385|0.00495| X
17.35447677| 27 | 19 | 65 | 22 | 45 | 39 | 27 | 0.0035 |0.00396|0.00402| X
17.37892865| 18 | 25 | 68 | 22 | 57 | 43 | 21 | 0.0035 |0.00384|0.00474| O
17.40671928| 20 | 23 | 66 | 26 | 54 | 43 | 27 | 0.0035 |0.00378|0.00432| X
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17.42651338| 19 | 25 | 69 | 18 | 49 | 47 | 22 | 0.0035 |0.00414|0.00402| O
17.43913415| 18 | 22 | 62 | 30 | 45 | 43 | 37 | 0.0035 |0.00432|0.00405| X
17.4472417 | 23 | 21 | 65 | 22 | 39 | 38 | 29 | 0.0035 |0.00469(0.00427| O
17.4497417 | 26 | 20 | 66 | 19 | 38 | 33 | 23 | 0.0035 |0.00448|0.00456| X
17.46024447| 24 | 19 | 62 | 31 | 60 | 53 | 38 |0.0035|0.0035|0.0035| O
17.46573778| 20 | 23 | 66 | 30 | 46 | 40 | 34 | 0.0035 | 0.0037 | 0.0038 | X
174734345 | 24 | 17 | 58 | 33 | 44 | 33 | 35 | 0.0035 |0.00408|0.00462| X
17.48243356| 17 | 25 | 67 | 28 | 51 | 45 | 31 | 0.0035 | 0.0038 |0.00395| O
17.49063903| 30 | 17 | 64 | 21 | 54 | 42 | 24 | 0.0035 |0.00374|0.00425| X
17.49313875| 18 | 25 | 68 | 22 | 49 | 44 | 25 | 0.0035 |0.00414|0.00426| O
17.49542935| 22 | 20 | 62 | 31 | 49 | 42 | 36 | 0.0035|0.0039 | 0.004 | X
17.50761009| 17 | 27 | 71 | 19 | 46 | 43 | 22 | 0.0035 |0.00357|0.00357| O
17.50896746| 17 | 26 | 69 | 27 | 51 | 47 | 31 |0.0035|0.0035|0.0035 | X
17.51905076| 17 | 24 | 65 | 35 | 53 | 48 | 40 | 0.0035 | 0.0035|0.0035 | X
17.52124709| 19 | 25 | 69 | 21 | 60 | 56 | 25 | 0.0035|0.0035|0.0035 | X
17.52124709| 19 | 25 | 69 | 21 | 60 | 56 | 25 | 0.0035|0.0035|0.0035 | X
175217751 | 17 | 26 | 69 | 26 | 54 | 50 | 30 | 0.0035 | 0.0035|0.0035 | X
17.52898701| 25 | 20 | 65 | 26 | 52 | 39 | 27 | 0.0035 |0.00363|0.00429| X
17.53356457| 23 | 22 | 67 | 21 | 47 | 40 | 24 | 0.0035 | 0.004 |0.00425| X
17.54146709| 26 | 18 | 62 | 27 | 36 | 31 | 33 | 0.0035 |0.00448|0.00441| X
17.55581743| 27 | 20 | 67 | 19 | 46 | 38 | 22 | 0.0035 | 0.0036 | 0.0039 | X
175647768 | 24 | 21 | 66 | 26 | 48 | 42 | 31 | 0.0035 |0.00365| 0.0037 | X
17.58398352| 30 | 18 | 66 | 17 | 45 | 40 | 22 | 0.0035 |0.00374|0.00374| X
17.58960484| 22 | 23 | 68 | 22 | 40 | 33 | 24 | 0.0035 |0.00399|0.00434| X
17.62295674| 18 | 23 | 64 | 28 | 41 | 40 | 35 | 0.0035 | 0.0045 |0.00414| X
17.63259813| 20 | 24 | 68 | 19 | 48 | 41 | 21 | 0.0035 |0.00434|0.00469| X
17.63455973| 17 | 24 | 65 | 27 | 55 | 42 | 26 | 0.0035 |0.00408|0.00492| X
17.64084286| 25 | 20 | 65 | 26 | 48 | 36 | 27 | 0.0035 |0.00378|0.00444| X
17.64248083| 18 | 23 | 64 | 30 | 48 | 40 | 32 | 0.0035 |0.00408|0.00442| X
17.64915275| 18 | 26 | 70 | 21 | 54 | 47 | 23 | 0.0035 | 0.0035 |0.00375| X
17.66099422| 24 | 21 | 66 | 25 | 50 | 44 | 30 | 0.0035 | 0.0037 |0.00375| X
17.66171155| 17 | 27 | 71 | 20 | 42 | 39 | 23 | 0.0035 |0.00374|0.00374| X
17.66191951| 28 | 17 | 62 | 27 | 30 | 26 | 34 | 0.0035 | 0.0046 |0.00437| X
17.66328626| 22 | 23 | 68 | 17 | 54 | 48 | 20 | 0.0035 |0.00408|0.00426| X
17.66397757| 17 | 27 | 71 | 17 | 58 | 55 | 20 | 0.0035 | 0.0035 | 0.0035 | X
17.66407495| 29 | 17 | 63 | 24 | 46 | 42 | 32 | 0.0035 |0.00407|0.00385| X
17.66681892| 24 | 21 | 66 | 28 | 31 | 26 | 32 | 0.0035 |0.00406|0.00413| X
17.67383472| 17 | 27 | 71 | 17 | 60 | 57 | 20 | 0.0035 | 0.0035 | 0.0035 | O
17.67383472| 17 | 27 | 71 | 17 | 60 | 57 | 20 | 0.0035 | 0.0035 | 0.0035 | O
17.67476505| 17 | 26 | 69 | 25 | 37 | 38 | 32 | 0.0035 | 0.0042 |0.00372] X
17.68613592| 19 | 24 | 67 | 27 | 43 | 36 | 29 | 0.0035 |0.00403|0.00434| O
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17.69197046| 21 | 24 | 69 | 23 | 40 | 36 | 27 | 0.0035 |0.00368|0.00368| X
17.69981142| 24 | 22 | 68 | 19 | 49 | 40 | 21 | 0.0035 |0.00366|0.00408| X
17.70026755| 25 | 20 | 65 | 23 | 45 | 41 | 29 | 0.0035 | 0.0042 |0.00408| X
17.70578943| 20 | 23 | 66 | 28 | 44 | 35 | 29 | 0.0035| 0.004 | 0.0045 | X
17.71057884| 27 | 18 | 63 | 22 | 49 | 53 | 34 | 0.0035 |0.00435|0.00355| X
17.7119574 | 18 | 25 | 68 | 25 | 45 | 37 | 26 | 0.0035 |0.00405| 0.0045 | X
17.72354456| 18 | 24 | 66 | 23 | 43 | 47 | 32 | 0.0035 |0.00474|0.00396| X
17.72588579| 22 | 22 | 66 | 23 | 46 | 45 | 30 | 0.0035 |0.00425|0.00391| X
17.73350371| 23 | 22 | 67 | 23 | 43 | 39 | 28 | 0.0035 |0.00402|0.00396| O
17.74534695| 20 | 21 | 62 | 30 | 44 | 41 | 37 | 0.0035 |0.00429|0.00407| X
17.7590566 | 19 | 24 | 67 | 30 | 44 | 40 | 35 | 0.0035 |0.00375| 0.0037 | X
17.76829595| 19 | 24 | 67 | 23 | 50 | 44 | 26 | 0.0035 | 0.0042 |0.00438| X
17.77590476| 17 | 17 | 51 | 37 | 48 | 37 | 38 | 0.0035 | 0.0042 |0.00476] X
177858031 | 21 | 23 | 67 | 21 | 54 | 45 | 23 | 0.0035 |0.00408| 0.0045 | X
17.78852193| 26 | 20 | 66 | 18 | 46 | 44 | 24 | 0.0035 |0.00442)|0.00416] X
17.79382838| 20 | 24 | 68 | 21 | 52 | 44 | 23 | 0.0035 |0.00402)|0.00438| X
17.81040783| 27 | 19 | 65 | 27 | 45 | 33 | 28 | 0.0035 |0.00366|0.00432| X
17.82093084| 23 | 21 | 65 | 27 | 43 | 40 | 34 | 0.0035 |0.00407)|0.00385| X
17.82327766| 19 | 25 | 69 | 22 | 50 | 41 | 23 | 0.0035 |0.00384|0.00432| X
17.83067218| 25 | 19 | 63 | 29 | 51 | 39 | 31 | 0.0035 |0.00378|0.00432| O
17.85148215| 20 | 17 | 54 | 36 | 69 | 63 | 45 | 0.0035 | 0.0036 | 0.0035 | X
17.85842872| 26 | 17 | 60 | 36 | 45 | 34 | 39 | 0.0035 |0.00365|0.00405| X
17.87153578| 22 | 23 | 68 | 19 | 58 | 53 | 23 | 0.0035 | 0.0038 |0.00385| O
17.87799093| 26 | 19 | 64 | 33 | 29 | 25 | 40 | 0.0035 | 0.0039 |0.00372| X
17.87921937| 18 | 17 | 52 | 47 | 48 | 41 | 54 | 0.0035 | 0.0035 | 0.0035 | O
17.88728243| 23 | 22 | 67 | 19 | 50 | 47 | 24 | 0.0035 |0.00426|0.00414| O
17.90479962| 28 | 19 | 66 | 18 | 58 | 52 | 23 | 0.0035 |0.00375| 0.0038 | X
17.92256663| 30 | 17 | 64 | 27 | 49 | 42 | 34 |0.0035|0.0035|0.0035 | X
17.92256663| 30 | 17 | 64 | 27 | 49 | 42 | 34 | 0.0035 | 0.0035|0.0035 | X
17.93714835| 24 | 22 | 68 | 17 | 46 | 44 | 22 | 0.0035 |0.00418|0.00399| X
17.96722806| 24 | 21 | 66 | 22 | 48 | 40 | 25 | 0.0035 |0.00416|0.00448| X
17.97627225| 22 | 21 | 64 | 29 | 52 | 44 | 33 | 0.0035 |0.00385|0.00405| X
17.97828452| 24 | 22 | 68 | 18 | 51 | 44 | 21 | 0.0035 | 0.0039 |0.00414| X
18.0231243 | 19 | 23 | 65 | 24 | 51 | 46 | 28 | 0.0035 |0.00444] 0.0045 | X
18.0371767 | 22 | 22 | 66 | 25 | 42 | 34 | 27 |0.0035 |0.00427(0.00469| X
18.04407278| 18 | 24 | 66 | 25 | 50 | 44 | 28 | 0.0035 |0.00432| 0.0045 | X
18.07073771| 24 | 21 | 66 | 21 | 49 | 53 | 31 | 0.0035 |0.00426|0.00355| X
18.09121284| 22 | 22 | 66 | 25 | 46 | 40 | 29 | 0.0035 |0.00414)|0.00426| X
18.10025672| 24 | 20 | 64 | 22 | 52 | 43 | 25 | 0.0035 |0.00442)|0.00481| X
18.11709557| 26 | 20 | 66 | 17 | 53 | 47 | 21 | 0.0035 |0.00442|0.00455| X
18.11903087| 22 | 23 | 68 | 26 | 39 | 34 | 30 | 0.0035 |0.00384| 0.0039 | X
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18.14982779| 17 | 25 | 67 | 33 | 37 | 34 | 38 | 0.0035 |0.00396|0.00385| X
18.15211727| 18 | 22 | 62 | 37 | 49 | 38 | 37 |0.0035|0.00375| 0.0043 | X
18.15283749| 30 | 17 | 64 | 21 | 54 | 42 | 24 | 0.0035 |0.00396| 0.0045 | X
18.15283749| 30 | 17 | 64 | 21 | 54 | 42 | 24 | 0.0035 |0.00396| 0.0045 | X
18.15494913| 18 | 26 | 70 | 22 | 42 | 41 | 27 | 0.0035 |0.00408|0.00384| X
18.16902411| 20 | 23 | 66 | 27 | 59 | 47 | 28 | 0.0035 |0.00375| 0.0043 | O
18.16970854| 21 | 24 | 69 | 21 | 39 | 37 | 26 | 0.0035|0.0042 | 0.004 | X
18.17805064| 24 | 21 | 66 | 21 | 51 | 41 | 23 | 0.0035 |0.00424|0.00477| X
18.17805064| 24 | 21 | 66 | 21 | 51 | 41 | 23 | 0.0035 |0.00424|0.00477| X
18.18070837| 23 | 23 | 69 | 18 | 42 | 35 | 20 | 0.0035 |0.00407|0.00444| X
18.2051852 | 21 | 24 | 69 | 22 | 50 | 47 | 27 |0.0035 | 0.0037 | 0.0036 | X
18.23525877| 18 | 24 | 66 | 27 | 47 | 41 | 30 | 0.0035 |0.00426|0.00444| X
18.24327378| 25 | 20 | 65 | 25 | 45 | 39 | 30 | 0.0035 |0.00414| 0.0042 | X
18.25829299| 25 | 21 | 67 | 23 | 40 | 38 | 30 | 0.0035 |0.00408|0.00378| X
18.25977957| 18 | 19 | 56 | 39 | 49 | 38 | 40 | 0.0035|0.0039 | 0.0044 | X
18.26363848| 19 | 25 | 69 | 29 | 37 | 29 | 29 | 0.0035 |0.00377)|0.00429| X
18.26802443| 24 | 18 | 60 | 29 | 49 | 41 | 34 | 0.0035 |0.00425]|0.00442| X
18.27719109| 24 | 21 | 66 | 23 | 36 | 31 | 27 | 0.0035 |0.00464|0.00472| X
18.27806291| 24 | 22 | 68 | 22 | 38 | 37 | 29 | 0.0035 |0.00407| 0.0037 | X
18.2793639 | 28 | 19 | 66 | 20 | 52 | 42 | 23 | 0.0035 | 0.0039 [0.00432| X
18.2798565 | 23 | 22 | 67 | 25 | 54 | 45 | 28 | 0.0035 |0.00365|0.00395| O
18.29322697| 24 | 21 | 66 | 23 | 47 | 45 | 30 | 0.0035 | 0.0042 |0.00392| X
18.30126344| 22 | 22 | 66 | 29 | 29 | 27 | 36 | 0.0035 |0.00441|0.00406| X
18.30480659| 20 | 24 | 68 | 27 | 36 | 35 | 34 | 0.0035 |0.00414|0.00378| X
18.31587436| 24 | 17 | 58 | 39 | 54 | 46 | 47 |0.0035|0.0035|0.0035 | X
18.32563143| 26 | 20 | 66 | 29 | 44 | 37 | 34 | 0.0035 |0.00355|0.00365| X
18.35720083| 19 | 25 | 69 | 20 | 50 | 47 | 24 | 0.0035 |0.00426| 0.0042 | X
18.36910695| 18 | 26 | 70 | 23 | 60 | 56 | 27 |0.0035|0.0035|0.0035 | X
18.36910695| 18 | 26 | 70 | 23 | 60 | 56 | 27 | 0.0035|0.0035|0.0035 | X
18.37797607| 21 | 22 | 65 | 29 | 49 | 37 | 29 | 0.0035 |0.00396|0.00468| O
18.38934038| 25 | 19 | 63 | 31 | 20 | 18 | 39 | 0.0035 |0.00475]|0.00425| X
18.40203515| 22 | 23 | 68 | 23 | 37 | 34 | 28 | 0.0035 |0.00434| 0.0042 | X
18.4153536 | 26 | 21 | 68 | 20 | 53 | 46 | 24 | 0.0035 | 0.0035 |0.00365| X
18.42556988| 26 | 19 | 64 | 30 | 30 | 27 | 38 | 0.0035 |0.00429|0.00396| X
18.43181395| 24 | 22 | 68 | 22 | 43 | 39 | 27 | 0.0035 |0.00396| 0.0039 | X
18.43353615| 26 | 21 | 68 | 18 | 55 | 42 | 19 | 0.0035 |0.00366|0.00438| O
18.44647674| 25 | 22 | 69 | 17 | 43 | 39 | 21 | 0.0035 |0.00387)|0.00387| X
18.44647674| 25 | 22 | 69 | 17 | 43 | 39 | 21 | 0.0035 |0.00387|0.00387| X
18.45641094| 18 | 26 | 70 | 28 | 44 | 35 | 28 | 0.0035 |0.00357|0.00408| X
18.47480924| 25 | 20 | 65 | 31 | 51 | 38 | 32 |0.0035|0.0035|0.0041 | X
18.49460013| 24 | 20 | 64 | 32 | 52 | 39 | 33 | 0.0035|0.0036 | 0.0042 | X
159

doi:10.6342/NTU201802573



18.50011463| 24 | 22 | 68 | 22 | 38 | 37 | 29 | 0.0035 |0.00418| 0.0038 | X
18.51932292| 29 | 19 | 67 | 20 | 43 | 36 | 24 | 0.0035 | 0.0038 |0.00399| X
18.52123531| 28 | 19 | 66 | 30 | 38 | 32 | 36 |0.0035|0.0035 | 0.0035 | X
18.52123531| 28 | 19 | 66 | 30 | 38 | 32 | 36 |0.0035|0.0035 | 0.0035 | X
18.52293328| 18 | 27 | 72 | 17 | 51 | 48 | 20 | 0.0035 | 0.0035 | 0.0035 | X
18.52902425| 30 | 17 | 64 | 23 | 41 | 34 | 28 | 0.0035 |0.00434|0.00448| X
18.53294608| 29 | 19 | 67 | 22 | 43 | 30 | 22 | 0.0035 | 0.0036 | 0.0045 | X
18.55423244| 17 | 26 | 69 | 23 | 43 | 45 | 30 | 0.0035 | 0.0045 |0.00396| X
18.57940411| 19 | 25 | 69 | 22 | 41 | 38 | 26 | 0.0035 |0.00448|0.00441| X
18.57940411| 19 | 25 | 69 | 22 | 41 | 38 | 26 | 0.0035 |0.00448|0.00441| X
18.58717988| 19 | 23 | 65 | 25 | 60 | 52 | 28 | 0.0035 |0.00416|0.00442| X
18.59076068| 30 | 17 | 64 | 25 | 49 | 40 | 30 | 0.0035 |0.00385|0.00407| X
18.5938639 | 23 | 21 | 65 | 26 | 44 | 40 | 32 | 0.0035|0.00432| 0.0042 | X
18.59943484| 17 | 25 | 67 | 38 | 39 | 27 | 33 | 0.0035 | 0.0036 |0.00462| X
18.60413143| 26 | 20 | 66 | 25 | 43 | 37 | 30 | 0.0035 |0.00402|0.00408| X
18.60566695| 21 | 24 | 69 | 20 | 51 | 45 | 23 | 0.0035 |0.00408|0.00426| X
18.6094943 | 17 | 27 | 71 | 18 | 40 | 43 | 24 | 0.0035 |0.00469|0.00406| X
18.61170758| 22 | 22 | 66 | 24 | 51 | 43 | 27 | 0.0035 | 0.0042 | 0.0045 | X
18.61902461| 26 | 20 | 66 | 28 | 46 | 33 | 28 | 0.0035 |0.00366|0.00444| X
18.62316355| 22 | 19 | 60 | 23 | 57 | 49 | 27 | 0.0035 |0.00475| 0.005 | O
18.63562504| 32 | 17 | 66 | 18 | 59 | 53 | 24 | 0.0035 | 0.0035 | 0.0035 | O
18.63644258| 28 | 20 | 68 | 17 | 48 | 40 | 20 | 0.0035 |0.00372|0.00403| X
18.67026545| 17 | 26 | 69 | 28 | 43 | 37 | 30 | 0.0035 |0.00402|0.00426] O
18.68836085| 27 | 17 | 61 | 35 | 54 | 46 | 43 | 0.0035 | 0.0035 | 0.0035 | O
18.69298466| 19 | 25 | 69 | 28 | 53 | 43 | 29 | 0.0035 |0.00352|0.00396| O
18.70090694| 20 | 23 | 66 | 27 | 44 | 40 | 32 | 0.0035 |0.00432|0.00426| X
18.71135755| 22 | 24 | 70 | 17 | 60 | 51 | 19 | 0.0035 | 0.0036 |0.00396| X
18.72741969| 26 | 21 | 68 | 25 | 38 | 33 | 30 | 0.0035 |0.00368|0.00368| X
18.72883472| 17 | 26 | 69 | 26 | 38 | 34 | 29 | 0.0035 |0.00441|0.00448| X
18.73057694| 28 | 17 | 62 | 30 | 63 | 55 | 38 | 0.0035|0.0035|0.0035 | X
18.73926424| 22 | 23 | 68 | 26 | 40 | 36 | 31 | 0.0035 |0.00402|0.00396| X
18.74492904| 19 | 25 | 69 | 24 | 40 | 34 | 26 | 0.0035 |0.00435|0.00464| X
18.76977103| 19 | 25 | 69 | 26 | 45 | 38 | 28 | 0.0035 |0.00396|0.00426| X
18.77234009| 23 | 21 | 65 | 25 | 42 | 36 | 29 | 0.0035 |0.00455|0.00469| O
18.7969314 | 22 | 21 | 64 | 31 | 44 | 37 | 35 | 0.0035 |0.00408(0.00425| O
18.80379591| 18 | 26 | 70 | 17 | 53 | 57 | 23 | 0.0035 |0.00456|0.00399| X
18.808225 | 22 | 22 | 66 | 23 | 46 | 39 | 26 | 0.0035 [0.00455|0.00483| X
18.80842873| 22 | 24 | 70 | 17 | 47 | 40 | 19 | 0.0035 |0.00413|0.00448| X
18.80886968| 17 | 27 | 71 | 22 | 60 | 55 | 25 | 0.0035 | 0.0036 |0.00369| X
18.82176975| 19 | 23 | 65 | 33 | 35 | 32 | 39 |0.0035 |0.00426|0.00408| O
18.83044025| 25 | 22 | 69 | 19 | 36 | 32 | 23 | 0.0035 |0.00422|0.00422| O
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18.83749928| 29 | 19 | 67 | 21 | 39 | 35 | 27 | 0.0035 |0.00403| 0.0039 | X
18.84488768| 20 | 24 | 68 | 26 | 51 | 47 | 31 | 0.0035 | 0.0039 |0.00385| X
18.84663227| 24 | 21 | 66 | 25 | 47 | 40 | 29 | 0.0035 |0.00414|0.00432| X
18.85008846( 30 | 18 | 66 | 27 | 38 | 30 | 31 | 0.0035 |0.00366| 0.0039 | X
18.85047327| 21 | 23 | 67 | 28 | 46 | 40 | 32 | 0.0035 |0.00396|0.00407| X
18.86724486| 19 | 24 | 67 | 29 | 43 | 37 | 32 | 0.0035 |0.00414)|0.00432| O
18.88257786| 26 | 19 | 64 | 29 | 46 | 35 | 31 | 0.0035 |0.00396| 0.0045 | O
18.89735615| 19 | 22 | 63 | 31 | 53 | 42 | 32 | 0.0035 |0.00407|0.00462| X
18.90400409| 21 | 24 | 69 | 26 | 36 | 35 | 33 | 0.0035 |0.00408|0.00372| X
18.91843791| 26 | 21 | 68 | 22 | 41 | 31 | 23 | 0.0035 |0.00396|0.00462| O
18.92072644| 24 | 21 | 66 | 20 | 47 | 50 | 29 | 0.0035 |0.00474|0.00402| X
18.94029975| 24 | 21 | 66 | 28 | 36 | 33 | 35 | 0.0035|0.00425| 0.004 | X
18.94076918| 20 | 20 | 60 | 37 | 48 | 37 | 38 | 0.0035|0.0039 |0.00442| X
18.94554433| 20 | 24 | 68 | 25 | 51 | 41 | 26 | 0.0035 |0.00402|0.00456| X
18.9869066 | 20 | 24 | 68 | 22 | 58 | 55 | 27 | 0.0035|0.0041 | 0.004 | X
18.98843571| 17 | 23 | 63 | 34 | 42 | 35 | 36 | 0.0035 |0.00426|0.00456| X
18.99479598| 21 | 24 | 69 | 27 | 51 | 42 | 29 | 0.0035 |0.00355| 0.0039 | X
19.02717538| 27 | 19 | 65 | 25 | 46 | 39 | 30 | 0.0035 |0.00414|0.00426| X
19.07849186| 26 | 21 | 68 | 27 | 35 | 30 | 32 | 0.0035 |0.00374|0.00374| X
19.08498949| 17 | 26 | 69 | 31 | 41 | 35 | 33 | 0.0035 |0.00391|0.00414| O
19.13306628| 20 | 25 | 70 | 21 | 44 | 44 | 27 | 0.0035 |0.00426| 0.0039 | X
19.14881182| 18 | 25 | 68 | 32 | 45 | 40 | 36 | 0.0035 | 0.0038 |0.00385| X
19.16059946| 17 | 25 | 67 | 34 | 59 | 54 | 39 |0.0035|0.0035|0.0035 | X
19.17479038| 19 | 23 | 65 | 31 | 39 | 36 | 37 | 0.0035 |0.00438| 0.0042 | O
19.17546801| 21 | 24 | 69 | 21 | 56 | 47 | 23 | 0.0035| 0.004 | 0.0044 | X
19.18076397| 20 | 19 | 58 | 35 | 41 | 34 | 39 | 0.0035 |0.00438|0.00456| O
19.18228953| 17 | 25 | 67 | 35 | 56 | 51 | 40 |0.0035|0.0035|0.0035 | X
19.19328752| 28 | 20 | 68 | 18 | 52 | 43 | 21 | 0.0035 |0.00384| 0.0042 | X
19.19576796| 24 | 22 | 68 | 26 | 38 | 27 | 25 | 0.0035 |0.00403]|0.00496| X
19.19882836| 24 | 22 | 68 | 22 | 50 | 42 | 25 | 0.0035 |0.00402)|0.00432| X
19.20690441 20 | 25 | 70 | 25 | 47 | 38 | 26 | 0.0035 |0.00376|0.00423| X
19.26110087| 28 | 19 | 66 | 22 | 47 | 42 | 28 | 0.0035 | 0.0042 |0.00414| X
19.28163449| 20 | 25 | 70 | 21 | 54 | 44 | 22 | 0.0035 |0.00396| 0.0045 | X
19.28417624| 20 | 25 | 70 | 23 | 45 | 35 | 23 | 0.0035 |0.00406|0.00476| X
19.29001379| 30 | 17 | 64 | 24 | 47 | 40 | 30 | 0.0035 | 0.0042 |0.00426| X
19.29173987| 17 | 28 | 73 | 18 | 56 | 53 | 21 | 0.0035 | 0.0035|0.0035 | X
19.30800941| 24 | 23 | 70 | 18 | 52 | 43 | 20 | 0.0035 |0.00369| 0.0041 | X
19.30976211| 19 | 26 | 71 | 22 | 44 | 41 | 26 | 0.0035 |0.00402|0.00396| X
19.31539868| 26 | 21 | 68 | 22 | 41 | 31 | 23 | 0.0035 |0.00414)|0.00483| O
19.32061227| 26 | 20 | 66 | 24 | 45 | 35 | 26 | 0.0035 |0.00427)|0.00483| X
19.33241748| 24 | 22 | 68 | 25 | 52 | 40 | 26 | 0.0035 |0.00372|0.00434| X
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19.33676527| 25 | 22 | 69 | 18 | 35 | 40 | 28 | 0.0035 |0.00476|0.00371| X
19.33976957| 24 | 20 | 64 | 33 | 59 | 52 | 40 | 0.0035|0.0035 | 0.0035 | X
19.34094927| 18 | 26 | 70 | 17 | 57 | 56 | 21 | 0.0035 |0.00462|0.00444| X
19.3424577 | 25 | 21 | 67 | 25 | 47 | 37 | 27 | 0.0035| 0.004 | 0.0045| O
19.36291454| 18 | 27 | 72 | 17 | 46 | 39 | 18 | 0.0035 |0.00437|0.00483| X
19.36828974| 25 | 22 | 69 | 21 | 39 | 30 | 22 | 0.0035 |0.00416| 0.0048 | X
19.37829024| 29 | 19 | 67 | 22 | 40 | 33 | 26 | 0.0035 |0.00413|0.00434| X
19.38105064| 30 | 17 | 64 | 27 | 57 | 46 | 32 | 0.0035 |0.00364|0.00392| X
19.3824742 | 30 | 17 | 64 | 31 | 29 | 21 | 33 | 0.0035 |0.00414| 0.0046 | X
19.3870825 | 27 | 20 | 67 | 31 | 40 | 34 | 37 |0.0035|0.0035 | 0.0035| O
19.40421573| 29 | 17 | 63 | 24 | 48 | 52 | 38 | 0.0035 | 0.0044 |0.00352| X
19.4135267 | 21 | 24 | 69 | 30 | 47 | 36 | 30 | 0.0035 |0.00354|0.00413| X
19.41447397| 30 | 17 | 64 | 22 | 49 | 44 | 29 | 0.0035 |0.00438|0.00426] O
19.42216968| 30 | 19 | 68 | 17 | 49 | 38 | 19 | 0.0035 | 0.0038 | 0.0044 | X
19.43109574| 20 | 25 | 70 | 24 | 48 | 42 | 27 | 0.0035 |0.00391|0.00408| X
19.43191101| 21 | 24 | 69 | 23 | 31 | 31 | 30 | 0.0035 |0.00488)|0.00432| X
19.43301387| 20 | 24 | 68 | 27 | 47 | 39 | 29 | 0.0035 |0.00408|0.00444| X
19.44975526| 25 | 22 | 69 | 20 | 37 | 38 | 28 | 0.0035|0.0044 | 0.0038 | X
19.45124013| 19 | 25 | 69 | 25 | 36 | 35 | 31 | 0.0035 |0.00462|0.00427| O
19.46313841| 20 | 23 | 66 | 24 | 49 | 47 | 30 | 0.0035 |0.00462|0.00438| O
19.46805659| 27 | 20 | 67 | 22 | 58 | 47 | 25 | 0.0035 |0.00378| 0.0042 | X
19.47022746) 30 | 18 | 66 | 23 | 46 | 33 | 24 | 0.0035 |0.00399|0.00483| X
19.47155698| 23 | 22 | 67 | 28 | 40 | 33 | 31 |0.0035 |0.00416|0.00442| X
19.48064808| 20 | 25 | 70 | 26 | 54 | 42 | 26 | 0.0035 |0.00357| 0.0042 | X
19.49233102| 21 | 24 | 69 | 32 | 44 | 39 | 37 |0.0035|0.0035|0.0035 | X
19.5089317 | 21 | 22 | 65 | 34 | 54 | 42 | 35 | 0.0035 |0.00364)|0.00416| X
19.52212175| 23 | 22 | 67 | 25 | 51 | 41 | 27 | 0.0035 |0.00408|0.00456| O
19.52395664| 27 | 20 | 67 | 27 | 53 | 35 | 25 | 0.0035 |0.00351|0.00468| X
19.52412947| 21 | 25 | 71 | 21 | 34 | 30 | 24 | 0.0035 |0.00432| 0.0044 | X
19.53734004| 26 | 20 | 66 | 27 | 47 | 40 | 32 | 0.0035 |0.00396|0.00407| X
19.54748617| 19 | 24 | 67 | 30 | 46 | 37 | 31 | 0.0035 |0.00408|0.00456| X
19.55903169| 20 | 25 | 70 | 19 | 47 | 50 | 26 | 0.0035 |0.00456|0.00396| X
19.56383472| 20 | 25 | 70 | 25 | 45 | 35 | 25 | 0.0035 |0.00396|0.00462| X
19.56414197| 25 | 21 | 67 | 22 | 41 | 38 | 28 | 0.0035 |0.00462|0.00441| X
19.57477868| 17 | 27 | 71 | 35 | 31 | 25 | 35 | 0.0035 | 0.0036 |0.00396| X
19.60062862| 21 | 23 | 67 | 27 | 48 | 46 | 34 | 0.0035 |0.00416| 0.0039 | X
19.60504714| 18 | 26 | 70 | 29 | 30 | 28 | 34 | 0.0035 |0.00434|0.00413| X
19.60592752| 23 | 23 | 69 | 27 | 36 | 30 | 30 | 0.0035| 0.004 | 0.0042 | X
19.61905109| 29 | 20 | 69 | 17 | 47 | 37 | 19 | 0.0035 |0.00364|0.00416] O
19.63298029| 25 | 22 | 69 | 22 | 33 | 33 | 30 |0.0035 |0.00441|0.00385| X
19.63324715| 20 | 25 | 70 | 23 | 38 | 36 | 28 | 0.0035 |0.00448|0.00427| X
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19.63362262| 21 | 24 | 69 | 30 | 47 | 36 | 30 | 0.0035|0.0036 | 0.0042 | X
19.66220983| 23 | 23 | 69 | 24 | 48 | 39 | 26 | 0.0035 | 0.0039 |0.00432| X
19.67483933| 30 | 17 | 64 | 23 | 41 | 34 | 28 | 0.0035 |0.00465| 0.0048 | X
19.67720843| 30 | 19 | 68 | 17 | 39 | 43 | 27 | 0.0035 | 0.0044 |0.00352| O
19.68956462| 21 | 21 | 63 | 27 | 48 | 44 | 33 | 0.0035 |0.00462| 0.0045 | X
19.69540579| 24 | 21 | 66 | 26 | 52 | 44 | 30 | 0.0035 |0.00407|0.00429| X
19.72279142| 28 | 19 | 66 | 26 | 41 | 31 | 28 | 0.0035 |0.00413|0.00469| O
19.72670519| 17 | 28 | 73 | 23 | 49 | 38 | 22 | 0.0035 | 0.0035 | 0.0042 | X
19.73011594| 17 | 27 | 71 | 22 | 50 | 44 | 24 | 0.0035 |0.00425| 0.0045 | X
19.7358358 | 25 | 18 | 61 | 30 | 54 | 46 | 36 | 0.0035|0.0041 | 0.0042 | X
19.75335101| 26 | 22 | 70 | 18 | 44 | 41 | 23 | 0.0035 |0.00384|0.00372| X
19.75819965| 24 | 23 | 70 | 19 | 51 | 50 | 25 | 0.0035 | 0.0039 |0.00364| X
19.76542393| 17 | 27 | 71 | 31 | 35 | 31 | 34 |0.0035 | 0.0039 |0.00396| O
19.7672534 | 20 | 25 | 70 | 20 | 40 | 42 | 27 | 0.0035 |0.00483| 0.0042 | X
19.79562714| 21 | 23 | 67 | 29 | 34 | 33 | 37 |0.0035 | 0.0045 |0.00405| O
19.82197366| 20 | 25 | 70 | 20 | 45 | 42 | 24 | 0.0035 |0.00462|0.00455| X
19.82273941| 19 | 23 | 65 | 26 | 56 | 50 | 30 | 0.0035 | 0.0044 |0.00451| X
19.82719074| 18 | 23 | 64 | 25 | 52 | 52 | 32 | 0.0035 | 0.0048 | 0.0044 | X
19.83583362| 26 | 22 | 70 | 18 | 37 | 33 | 22 | 0.0035 |0.00422|0.00422| X
19.83583984| 30 | 18 | 66 | 17 | 60 | 51 | 21 | 0.0035 |0.00432|0.00462| X
19.84628316| 24 | 21 | 66 | 33 | 45 | 31 | 31 | 0.0035 |0.00372|0.00468| X
19.86762106| 29 | 17 | 63 | 38 | 37 | 24 | 36 | 0.0035 | 0.0036 | 0.0045 | X
19.87592145| 25 | 20 | 65 | 33 | 56 | 49 | 40 |0.0035|0.0035|0.0035 | X
19.89280903| 20 | 21 | 62 | 34 | 27 | 30 | 50 | 0.0035 | 0.0048 |0.00366| X
19.89407341| 21 | 24 | 69 | 23 | 60 | 52 | 26 | 0.0035 | 0.0039 |0.00415] X
19.91459724| 22 | 24 | 70 | 22 | 45 | 42 | 27 | 0.0035 |0.00414]|0.00402| X
19.91459724| 22 | 24 | 70 | 22 | 45 | 42 | 27 | 0.0035 |0.00414|0.00402| X
199177297 | 28 | 20 | 68 | 19 | 38 | 34 | 24 | 0.0035 |0.00464|0.00456| X
19.93824593| 23 | 22 | 67 | 27 | 48 | 41 | 31 | 0.0035 |0.00408|0.00425| X
19.9424428 | 25 | 21 | 67 | 25 | 47 | 37 | 27 | 0.0035 |0.00416(0.00468| O
19.94251148| 26 | 22 | 70 | 22 | 44 | 35 | 24 | 0.0035 |0.00354|0.00396| X
19.94792884| 20 | 25 | 70 | 23 | 37 | 35 | 28 | 0.0035 |0.00462| 0.0044 | X
19.95913923| 30 | 19 | 68 | 24 | 45 | 39 | 30 | 0.0035|0.0035|0.0035 | X
19.96915756| 30 | 17 | 64 | 30 | 58 | 50 | 38 | 0.0035|0.0035|0.0035 | X
19.97307104| 27 | 21 | 69 | 22 | 51 | 45 | 27 | 0.0035 | 0.0036 |0.00365| X
19.98223988| 29 | 19 | 67 | 24 | 44 | 32 | 25 | 0.0035 |0.00399|0.00476| X
19.98541731| 18 | 27 | 72 | 26 | 52 | 48 | 30 | 0.0035|0.0035|0.0035 | X
19.99321529| 23 | 23 | 69 | 20 | 40 | 39 | 26 | 0.0035 |0.00481)|0.00444| X
20.0519651 | 25 | 22 | 69 | 22 | 53 | 46 | 26 | 0.0035|0.00384| 0.004 | X
20.06488443| 21 | 25 | 71 | 18 | 49 | 42 | 20 | 0.0035 |0.00434|0.00469| X
20.06832263| 24 | 23 | 70 | 24 | 40 | 36 | 29 | 0.0035 | 0.0039 |0.00384| X
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20.07305695| 21 | 25 | 71 | 24 | 30 | 27 | 28 | 0.0035 | 0.0044 |0.00432| X
20.07375926| 21 | 24 | 69 | 23 | 38 | 38 | 30 | 0.0035|0.00476|0.00427| X
20.07945651| 20 | 26 | 72 | 21 | 49 | 42 | 23 | 0.0035 |0.00377|0.00406| X
20.08162786| 24 | 21 | 66 | 27 | 41 | 39 | 35 | 0.0035 |0.00444|0.00408| X
20.1110416 | 23 | 21 | 65 | 28 | 52 | 48 | 35 | 0.0035 |0.00415| 0.004 | X
20.11264999| 18 | 27 | 72 | 27 | 27 | 24 | 30 | 0.0035 | 0.0043 | 0.0043 | X
20.11466427| 22 | 23 | 68 | 26 | 43 | 40 | 32 | 0.0035 |0.00432|0.00414| X
20.13883587| 26 | 20 | 66 | 28 | 52 | 40 | 30 | 0.0035 |0.00385| 0.0044 | X
20.15616424| 24 | 23 | 70 | 24 | 40 | 31 | 25 | 0.0035 |0.00392|0.00448| X
20.15799296| 18 | 26 | 70 | 33 | 45 | 38 | 35 | 0.0035 |0.00365| 0.0039 | X
20.1619469 | 30 | 17 | 64 | 32 | 54 | 46 | 40 | 0.0035 | 0.0035 | 0.0035 | X
20.16933457| 29 | 20 | 69 | 21 | 39 | 34 | 26 | 0.0035 |0.00387|0.00387| X
20.18780997| 26 | 21 | 68 | 19 | 48 | 42 | 23 | 0.0035 |0.00455(0.00469| O
20.20814727| 22 | 24 | 70 | 22 | 42 | 45 | 31 | 0.0035 |0.00437)|0.00368| X
20.21236894| 19 | 25 | 69 | 27 | 39 | 34 | 30 | 0.0035|0.00448|0.00462| X
20.2202994 | 23 | 22 | 67 | 27 | 50 | 51 | 37 | 0.0035 |0.00408(0.00357| O
20.22234679| 26 | 22 | 70 | 18 | 44 | 41 | 23 | 0.0035 |0.00416|0.00403| X
20.24079831| 23 | 23 | 69 | 24 | 49 | 49 | 32 | 0.0035 |0.00405|0.00365| X
20.24134133| 22 | 24 | 70 | 25 | 35 | 33 | 31 | 0.0035 |0.00432|0.00405| X
20.25314636| 21 | 24 | 69 | 23 | 50 | 45 | 27 | 0.0035 |0.00432|0.00438| X
20.27030504| 30 | 17 | 64 | 24 | 54 | 46 | 30 | 0.0035 |0.00418|0.00429| X
20.27103173| 26 | 21 | 68 | 25 | 55 | 43 | 27 | 0.0035 |0.00371|0.00424| X
20.2769649 | 22 | 24 | 70 | 27 | 39 | 33 | 30 | 0.0035 |0.00399|0.00418| X
20.2801167 | 23 | 23 | 69 | 28 | 49 | 42 | 32 | 0.0035 | 0.0037 |0.00385| X
20.30439707| 27 | 20 | 67 | 23 | 53 | 46 | 28 | 0.0035 |0.00407(0.00418| X
20.31120571| 17 | 27 | 71 | 25 | 41 | 41 | 31 | 0.0035 |0.00444|0.00407| O
20.35512466| 18 | 28 | 74 | 17 | 56 | 53 | 20 | 0.0035|0.0035 | 0.0035 | X
20.35604658| 22 | 23 | 68 | 19 | 55 | 59 | 27 | 0.0035 |0.00473(0.00407| O
20.35627042| 26 | 21 | 68 | 25 | 37 | 30 | 28 | 0.0035 |0.00435|0.00465| X
20.3598733 | 28 | 21 | 70 | 20 | 47 | 42 | 25 |0.0035|0.0035 | 0.0035| X
20.36188387| 23 | 24 | 71 | 17 | 46 | 47 | 23 | 0.0035 | 0.0044 |0.00396| O
20.36724911| 20 | 25 | 70 | 25 | 38 | 39 | 33 | 0.0035|0.00448(0.00392| X
20.38463312| 17 | 28 | 73 | 21 | 45 | 40 | 23 | 0.0035 | 0.0042 | 0.0044 | X
20.38465307| 22 | 23 | 68 | 27 | 45 | 39 | 31 | 0.0035 | 0.0042 |0.00432| X
20.39567244| 22 | 24 | 70 | 27 | 38 | 30 | 28 | 0.0035 |0.00406(0.00455| X
20.40780309| 25 | 22 | 69 | 24 | 49 | 39 | 26 | 0.0035 | 0.0039 |0.00438| X
20.41228051| 21 | 25 | 71 | 21 | 45 | 38 | 23 | 0.0035 |0.00427(0.00462| X
20.41262519| 21 | 24 | 69 | 22 | 54 | 47 | 25 | 0.0035 |0.00432|0.00456| X
20.42993954| 20 | 25 | 70 | 30 | 45 | 35 | 30 | 0.0035|0.00377(0.00435| X
20.43261153| 18 | 24 | 66 | 27 | 58 | 54 | 32 | 0.0035 | 0.0043 |0.00425| X
20.43840111| 17 | 24 | 65 | 30 | 45 | 44 | 37 |0.0035 |0.00459|0.00425| X
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20.43874179| 22 | 24 | 70 | 19 | 52 | 50 | 24 | 0.0035 |0.00444|0.00426| X
20.45709363| 26 | 22 | 70 | 20 | 37 | 31 | 23 | 0.0035 |0.00432|0.00456| X
20.46102639| 19 | 27 | 73 | 17 | 60 | 56 | 20 | 0.0035 | 0.0038 (0.00385| X
20.46617352| 26 | 21 | 68 | 23 | 53 | 50 | 30 | 0.0035| 0.004 |0.0038 | X
20.47249202| 21 | 25 | 71 | 19 | 47 | 42 | 22 | 0.0035 |0.00448|0.00462| X
20.48084001| 26 | 19 | 64 | 35 | 52 | 37 | 35 | 0.0035 | 0.0036 [0.00435| O
20.49029315| 19 | 25 | 69 | 29 | 33 | 33 | 37 | 0.0035 |0.00455(0.00403| O
20.49403601| 23 | 22 | 67 | 28 | 42 | 38 | 34 | 0.0035|0.00432| 0.0042 | X
20.52580499| 28 | 19 | 66 | 22 | 47 | 39 | 26 | 0.0035 |0.00455(0.00483| X
20.536398 | 30 | 17 | 64 | 31 | 41 | 36 | 40 | 0.0035 |0.00399|0.00378| X
20.540651 | 22 | 24 | 70 | 24 | 34 | 28 | 26 | 0.0035 |0.00459|0.00493| X
20.54848404| 20 | 24 | 68 | 29 | 48 | 46 | 36 | 0.0035 | 0.0041 |0.00385| X
20.55316177| 25 | 20 | 65 | 25 | 55 | 54 | 34 | 0.0035|0.00429| 0.0039 | X
20.55640464| 22 | 25 | 72 | 18 | 46 | 45 | 23 | 0.0035 |0.00408|0.00384| X
20.56225812| 18 | 25 | 68 | 26 | 51 | 45 | 29 | 0.0035 |0.00444|0.00462| O
20.57044015| 19 | 27 | 73 | 20 | 60 | 50 | 21 | 0.0035|0.00355| 0.004 | X
2057651113 27 | 21 | 69 | 22 | 49 | 40 | 25 | 0.0035 | 0.0039 |0.00426| X
20.58115575| 21 | 24 | 69 | 24 | 48 | 46 | 30 | 0.0035 |0.00437|0.00414| X
20.58630467| 18 | 25 | 68 | 32 | 47 | 36 | 31 | 0.0035 |0.00402(0.00474| O
20.5876372 | 22 | 25 | 72 | 23 | 47 | 36 | 23 | 0.0035 |0.00354| 0.0042 | O
20.5876372 | 22 | 25 | 72 | 23 | 47 | 36 | 23 | 0.0035 |0.00354| 0.0042 | O
20.60626227| 27 | 19 | 65 | 32 | 34 | 30 | 40 | 0.0035 | 0.0042 |0.00396| X
20.61734194| 29 | 19 | 67 | 23 | 50 | 41 | 27 | 0.0035 |0.00408(0.00438| O
20.61820354| 20 | 26 | 72 | 21 | 49 | 42 | 23 | 0.0035 |0.00403]|0.00434| X
20.66144426| 24 | 21 | 66 | 28 | 42 | 33 | 30 | 0.0035|0.00441| 0.0049 | X
20.67203849| 20 | 26 | 72 | 23 | 49 | 40 | 24 | 0.0035 |0.00384|0.00432| X
20.69063282| 17 | 28 | 73 | 30 | 28 | 25 | 33 | 0.0035| 0.004 | 0.004 | X
20.69482168| 30 | 17 | 64 | 26 | 54 | 41 | 29 | 0.0035 |0.00406(0.00464| X
20.70322065| 25 | 23 | 71 | 17 | 46 | 44 | 22 | 0.0035 |0.00418|0.00399| X
20.70834997| 26 | 22 | 70 | 21 | 42 | 35 | 24 |0.0035|0.00413|0.00441| X
20.70834997| 26 | 22 | 70 | 21 | 42 | 35 | 24 | 0.0035 |0.00413]|0.00441| X
20.72824272| 23 | 23 | 69 | 23 | 45 | 44 | 30 | 0.0035 |0.00444|0.00408| X
20.74329892| 26 | 18 | 62 | 30 | 56 | 46 | 35 | 0.0035 |0.00405| 0.0043 | X
20.74608514| 20 | 25 | 70 | 26 | 39 | 42 | 36 | 0.0035 |0.00444|0.0037 | X
20.75316142| 24 | 21 | 66 | 23 | 47 | 45 | 30 | 0.0035 | 0.0048 [0.00448| X
20.75473684| 26 | 22 | 70 | 21 | 36 | 35 | 28 | 0.0035 |0.00441]|0.00399| X
20.75768949| 23 | 23 | 69 | 23 | 50 | 44 | 27 | 0.0035 |0.00426(0.00438| X
20.7628006 | 22 | 24 | 70 | 28 | 52 | 41 | 29 | 0.0035 |0.00364|0.00416| X
20.80464355| 21 | 25 | 71 | 22 | 38 | 32 | 24 | 0.0035 |0.00462|0.00495| X
20.80604155| 22 | 25 | 72 | 23 | 42 | 35 | 25 | 0.0035 |0.00384|0.00416| X
20.80752781| 17 | 17 | 51 | 46 | 46 | 33 | 44 | 0.0035 |0.00385| 0.0046 | X
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20.81660601| 25 | 22 | 69 | 25 | 55 | 42 | 26 | 0.0035 |0.00374| 0.0044 | X
20.83482857| 25 | 23 | 71 | 19 | 48 | 43 | 23 | 0.0035 |0.00396(0.00402| O
20.83539266| 17 | 26 | 69 | 29 | 43 | 44 | 37 | 0.0035 |0.00441(0.00392| O
20.85563012| 18 | 27 | 72 | 24 | 40 | 36 | 27 | 0.0035|0.00441|0.00448| X
20.88447131| 28 | 19 | 66 | 28 | 42 | 39 | 37 | 0.0035|0.00418|0.00385| X
20.88975062| 17 | 29 | 75 | 17 | 56 | 51 | 19 | 0.0035 | 0.0035 [0.00365| O
20.89396019| 22 | 24 | 70 | 31 | 46 | 35 | 31 | 0.0035|0.0036 | 0.0042 | X
20.89675415| 27 | 22 | 71 | 20 | 46 | 40 | 24 | 0.0035 |0.00352|0.00363| X
20.89837008| 30 | 20 | 70 | 17 | 53 | 48 | 22 | 0.0035|0.0035 | 0.0035 | X
20.89837008| 30 | 20 | 70 | 17 | 53 | 48 | 22 | 0.0035|0.0035 | 0.0035 | X
20.90838892| 30 | 18 | 66 | 28 | 42 | 34 | 33 | 0.0035 |0.00402| 0.0042 | X
20.90838892| 30 | 18 | 66 | 28 | 42 | 34 | 33 | 0.0035 |0.00402| 0.0042 | X
20.90852626| 30 | 20 | 70 | 18 | 47 | 42 | 23 | 0.0035 |0.00357|0.00357| X
20.91907935| 26 | 22 | 70 | 22 | 38 | 34 | 27 |0.0035 |0.00427| 0.0042 | X
20.92401887| 30 | 19 | 68 | 21 | 41 | 42 | 31 | 0.0035 |0.00438(0.00372| O
20.94971233| 19 | 25 | 69 | 29 | 55 | 55 | 37 | 0.0035 |0.00391(0.00357| O
20.95006513| 17 | 27 | 71 | 37 | 37 | 25 | 31 | 0.0035 |0.00364)|0.00481| X
20.97735797| 17 | 25 | 67 | 35 | 45 | 41 | 40 | 0.0035 |0.00405| 0.004 | X
20.97898342| 17 | 28 | 73 | 33 | 30 | 28 | 38 | 0.0035 |0.00374|0.00357| X
21.01259354| 20 | 26 | 72 | 27 | 41 | 38 | 32 | 0.0035|0.00385(0.00374| X
21.02042693| 22 | 24 | 70 | 28 | 51 | 36 | 26 | 0.0035 |0.00372|0.00474| X
21.04156531| 24 | 23 | 70 | 25 | 44 | 38 | 29 | 0.0035 |0.00402|0.00414| O
21.05425711 23 | 23 | 69 | 24 | 43 | 43 | 32 | 0.0035 | 0.0045 |0.00402| X
21.07390977| 22 | 25 | 72 | 24 | 36 | 31 | 27 |0.0035 |0.00406| 0.0042 | X
21.08500533| 17 | 26 | 69 | 33 | 60 | 54 | 37 | 0.0035 |0.00364|0.00372| X
21.08759648| 28 | 21 | 70 | 19 | 41 | 37 | 24 | 0.0035 |0.00427| 0.0042 | X
21.088712 | 18 | 28 | 74 | 25 | 45 | 42 | 29 | 0.0035 |0.00355| 0.0035 | X
21.10789847| 17 | 28 | 73 | 29 | 52 | 48 | 33 | 0.0035|0.0035 | 0.0035 | X
166

doi:10.6342/NTU201802573



e B Rl i B E AR S

%%

% VD_Main. m
% 2018/5/31 created

% % E

% A RS

%

by Rt

W~ 3 AR~ R iz Amcode

e

LT TN Ereh =3

% nnn = 1;

% for T_TM_change AA = 60:0.5:110

%%

cle;

clear all;
% close all;

%% =====Unit Transf
kmh2ms = 1000/60/60
rpm2rs = 2%pi/60;

deg2rad = pi/180;

%%
Drive_type = 2;
AWD( e 58)(#FeD_typ
D_type_f = 3;
D_type_c
D_type_r
cyc_type
car_type
(for 4WD)
HTVD_mode = 2;

)

’

)

)

2
3
2
3

u_c = 60%kmh2ms;
T_in = 200;

dt = 0.0001;
final_time = 5;
t_change = 0;
hybrid_time = 0. 5;
turning_time = 0.1;
vectoring_time = 0.
slip_time_start_1L
slip_time_start_ IR
slip_time_start_ 2L
slip_time_start 2R
slip_time_end_IL =
slip_time_end_IR
slip_time_end_2L
slip_time_end_2R =
delta_i_ctrl = 5;
#% 5 Max:20 degree)
T_TM_change = -45;
%T_TM_change = -T_T
AWD: 4= 4 @, —3=
W_TM_change = 0;
precise = -100;
dot_precise = preci
p2_Traction_case9.m

%% split road mu
low_mu = 0.01;
high_mu = 0.85;

%hcd g® (1) CS D-Class SUV (for FWD) (2) CS GT (for RWD)

3 % [km/h]->[m/s]
% [rpm]->[r/s]
% [degree]->[rad]

%8 dmBRde = 3¢ (1) FWD(# 5%) (35 7eD_type ) (2) RWD(# 5%) (35D _type ) (3)
e_c)

(1) w0D (2)#H-TD (3) = 0D+ {5 H-TD

Y SR £id BAEET (1) 220D (2)° ZH-TD+ % /& #H0D

%isoR L B4 (1) 20D (2)#H-TD (3) #H-TD+ 50D

%72 45 (1) split road mu (2) constant cornering

% BRD £ BN

(3) CS B-Class Sports Car

GH-TVDH fE 450 (1) & 8 4 fi3

(D 4 2 pefist

%4~ i (m/s)
%91‘?&% >34 (Nm)
%time step(s)
DR BEPF R (s)
%ided it A i gPER(S)
%R & de 4 fads T ()
Yok & pE T ()

15; % 4 A g R (s)

=300; %=wEFLIIFER(s)
=300; %t mEEF LT IFER(s)
=300; %= ismBAntT PR (s)
=300; %t Pt (s)
300; %= Rt (s)
300; %t B AT ()
300; YEEEmLERFFET(S)
300; %t S R (9)

Y3 e P Rl o & (degree)(4: Z4& > MPER R ¥ b PR RIBE
M_change_AA; %H-TVDz_ % :£ 4 2= (Nm)(for FWD or RWD: +4=# = %, -4 4 = %/ for
4w is)

YH-TVD2- & i 4&:& (rpm)

% * =100
se; Yo B B~F | #cBkt8 dot i 0 dot_precisef=*tpl_1_center_diff_open. mfr
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%% Initial value

x_c = 0;
y_c=

Ycurrent
Ycurrent
Ycurrent
Y%current
Ycurrent

vehicle position x(m) (+:front)
vehicle position y(m) (+:left)
vehicle position z(m)

angular position(rad)

lateral speed(m/s)

rc=0; Y%current yaw rate(rad/s)

du = 0; %current longitudinal acceleration(m/s 2)
dv = 0; %current lateral acceleration(m/s 2)

dr = 0; Y%current yaw angular acceleration(m/s 2)
T_TM_c = 0; Y%current motor torque(Nm)

V_TM c = 0; %current motor angular velocity(rad/s)
slip_w2L = 0;

slip_w2R = 0;

slip_wlL = 0;

slip_wIR = 0;

delta_l_c = 0; %front left wheel steering angle
delta_r_c = 0; %front right wheel steering angle
mu2l. = high_mu; UK E_Z s W o A

mu2R = high mu; WK A Wb o B

mull = high_mu; %K T e B B

mulR = high_mu; %K A e B B

% Trc = 0; Y- B AePE o (S ¥ RlEg 4 A pe
% Trcf = 0; %— B AepE > T lhS RlEds 4 e fe
% FTi = 0.5; %T_in_c_f=T_in_c¥FTi  T_in_c_f i s s fedleidz= 4 > FTi 5 5 iz 4 & et 5 (A3 i 4

% )(initial)

% RTi = 0.5; %T_in_c_r=T_in_c*RTi T in_c_ri fédhapedlindz4 - RTiG {6 dhdz 4 & et (A3 iz 4

% )(initial)

%% H-TVD % #c

NG = 17; %+ B & bea(s i)

N6 = 18; Uik

NT_1 = 53; %i7 B & o TR ot B
NT_2 = 19; %k HaisT (7 phchdt dhdh #ic
N8 1 = 48; % (= phz i & th

N8 2 = 44; %L (7 pht 8 Wk i

NG = 23;  %HLE BT e

%% =====Load Data=====

cd(’ data’ ); %path into the folder
car_spec;

cd ..

p0_Initial Y%to find initial tire slip

%% =====Simulation Process=====
for t = 0:dt:final_time
pl_Driver
p2_Traction
p3_VD
p4_Trajectory
VD_sim_record
VD_next_step
end
% AAAAA(nnn)= F_totaltc_c;
% nnn=nnn+1;
% end
%% =====Data Output=====
VD_plot

W) ===========
% p0_Initial.m
% 2018/5/31 created by -ty

% #peVD_Main. mig * > 3+ E B d@i-del B d L BB 4 il
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%

YAshe R EH R, AL e felr w4 d Mg £

%o & B I 5 X 4 gk

r_pa=[1_a;1_d/2;-1_h]; %= @24
r_pb=[1_a;-1_d/2;-1_h]; "/?T’% -
r_pc=[-1_b;1_d/2;-1_h]; %= i a4
r_pd=[-1_b;-1.d/2;-1_h]; %+ i # &

r_all=[r_pa r_pb r_pc r_pd]; %= # i ke

%% Calculate initial resistance

% if uc > 0

% c_r = 0.0136+0. 4%¥le-T*(u_c*3.6)"2; %igd o4 i
% elseif u_c <=0

% cr=0;

% end

c_r = 0.0136+0. 4¥le-T*(u_c*3.6)"2; %igdfe 4 ik
R_r_c = m_car¥gkc_r; % & 64

R_a_c = 1/2%c_d*rho_a*A_f*u c"2; %z 4 1=

R total_¢ = R.r_c + R a_c; %+

%% Normal Load of Each Tire
% fnl = (m_car¥g*l_b-1_h*(R_a_ct+m_car¥du))/1; %% bl o o 4
% fn2 = (m_carkgXl atl h¥(R a_ctm _car¥du))/l; %5 dhig i & 4

% F_n_1L_c = (fnl*1_d/2-1_b/1*m_car*dvkl_h)/1_d; %= #hi » 4
% F n_IR ¢ = (fnl*1_d/2+1_b/l*m_carkdv¥l_h)/1 d; %+ # @i » 4
% F_n_2L_c = (fn2%1_d/2-1_a/1*m_carkdvkl_h)/1_d; %= s i » 4
% F n 2R ¢ = (fn2%1_d/2+1_a/l*m_carxdvkl h)/1 d; %+ s = 4

fnl = (m_car¥g¥l_b-1_h*(R_a_ct+m_car*(du-r_c*v_c)))/1; %@ b & = 4
fn2 = (m_car¥g*l_a+l_h*(R_a_ctm_car¥(du-r_c*v_c)))/1; %is it = 4

F n 1L _c = (fnl*1_d/2-1_b/1*m_car*(dvtu_c*r_c)*1_h)/1_d; %=+ @i » *
F_n_IR_c = (fnl*1_d/2+1_b/I*m_car*(dv+u_c*r_c)*1_h)/1_d; %+ # @ w 4
F_n 2L_c = (fn2%1_d/2-1_a/I*m_car*(dvtu_c*r_c)*1_h)/1_d; %= (s w 4
F n 2R ¢ = (fn2*%1_d/2+1_a/1*m_car*(dv+tu_c*r_c)*1_h)/1_d; %+ @i » #

%% Build Tire Slip vs Traction Table for each tire

%S

srn_r=1; %% & - B #E(for )

for slipratio_r=0:0.01:1
List_itc_2L_c(srn_r)=XMagicFormula(F_n_2L_c, slipratio_r);
List_itc_2R c(srn_r)=XMagicFormula(F_n_2R c, slipratio_r);
List_i_s_r(srn_r)=slipratio_r;
srn_r=srn_r+l;

end

% it

srn_f=1; %% & - B #E (for )

for slipratio_f=0:0.01:1
List_itc_1L_c(srn_f)=XMagicFormula(F_n_IL_c, slipratio_f);
List_itc_1R c(srn_f)=XMagicFormula(F_n_IR c, slipratio_f);
List_i_s_f(srn_f)=slipratio_f;
srn_f=srn_f+1;

end

%% Interpolate Resistance(Traction) to Find Tire Slip Ratio ¥ * %0 & 3Refjf £ -%im 4 &
switch Drive_type
case 1 %FWD
i_s_2L ¢ = interpl(List_itc_2L_c(1:12),List_i_s_r(1:12),0); %= & & £
i_s_ 2R c = interpl(List_itc 2R c(1:12),List_i_s r(1:12),0); %+ & & £
i_s IL_c = interpl(List_itc_IL_c(1:12),List_i_s_f(1:12),R_total_c/2); %= % £
i_s_IR_c = interpl(List_itc_IR c(1:12),List_i_s f(1:12),R_total_c/2); %+ % #if £
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case 2 %RWD
i_s 2L_c = interpl(List_itc_2L_c(1:12),List_i_s_r(1:12),R_total_c/2); %= & #
i_s_2R ¢ = interpl(List_itc_2R_c(1:12),List_i_s_r(1:12),R_total_c/2); %+ {4 #
i_s IL_c = interpl(List_itc_IL c(1:12),List_i_s f(1:12),0); %= & £

i_s IR ¢ = interpl(List_itc_IR c(1:12),List_i_s_f(1:12),0); %+ & ## £

/

e

Iy g1

il
.g,

2.

case 3 %4WD
i_s 2L_c = interpl(List_itc_2L_c(1:12),List_i_s_r(1:12),R_total_c/4);

_i_s_ ERER P 4
i_s 2R ¢ = interpl(List_itc_2R c(1:12),List_i_s r(1:12),R_total_c/4); %+ is#if L
i_s_IL_c = interpl(List_itc_IL_c(1:12),List_i_s_f(1:12),R_total_c/4); %= % £
i_s_IR ¢ = interpl(List_itc_IR_c(1:12),List_i_s_f(1:12),R_total_c/4); %+ # #% i £
end
%% * £ £ 4w tractive effort (BRAES 3k )
F_tc_2L_c = interpl(List_i_s_r(1:12),List_itc_2L_c(1:12),1_s_2L_c); %= i #3d 4 (N)
F_tc_2R_c = interpl(List_i_s_r(1:12),List_itc_2R_c(1:12),1i_s_2R_c); %+ i #mogd 4 (N)

F_tc_1L_c = interpl(List_i_s_f(1:12),List_itc_IL_c(1:12),i_s 1L _c); %= 7 #25eH + (N)
interpl(List_i_s_f(1:12), List_itc_IR_c(1:12),i_s_IR_c); %+ & #5eH 4 (N)

-
-+
‘O
—
=
(¢}
I

%% Calculate total tractive force and torque

F_totaltc_c = F_tc_2L_c + F_tc_2R_c + F_tc_1L_c + F_tc_IR_c; %& & s 4 (N)
F_totaltc f ¢ = F tc_ 1L c + F_tc IR c; % dihit szé 4 (N)

F_totaltc_r_c = F_tc_2L_c + F_tc_2R_c; % shitsgd 4 (N)

T_totaltc_c = F_totaltc_ckr_w; %@ 3558 4 =(Nm)

T totaltc_f_c = F_totaltc_f_c*r_w; % fhii 5z 4 s=(Nm)

T_totaltc_r_c = F_totaltc_r_c¥r_w; % #hiisgd 4 4=(Nm)

%% System input Torque
T_in_c = T_totaltc_c; %4455 % &

i
A
®
f
i

%% Calculate Wheel Speed  (angular velocity of wheel) d ¥ £. 2 :
Ww2l_c = (u_c/r_w)/(1-i_s_2L_c); %= i i (rad/s)
Ww2R c = (uc/rw)/(1-i_s_2R c); %+ 8 ik (rad/s)

W_wiL _c (u_c/r_w)/(1-i_s_1L_c); %= ik (rad/s)
WwlR c = (uc/rw)/(1-i_s_IR c); %+ # #i# (rad/s)

%% Calculate Differential Input Speed + #5#&:# 45 :':ﬁ;?] » i i
switch Drive_type
case 1 %FWD
switch D_type_f
case 1 %7 0D
W_in f ¢ = (W.wlL_ctW_wIR ¢)/2; %7 #h i & %@?} » ik 3# (rad/s)

case 2 %= H-TVD
switch HTVD_mode

case 1 %Hybrid mode
V_in f c = (WwlL_ctW wIR ¢)/2; % s i i %ﬁs?l » # 1k (rad/s)
W_TM_c = W_in_f_c*(N5/(N54N7_1)); %H-TVD5 i & :# (rad/s)

case 2 %Torque vectoring mode
WV in f ¢ = (WwlL_ctW wIR ¢)/2; %7 fih # i %ﬁis?] » #i 3k (rad/s)
W_TM_c = ((N5SNT_1)*W_in_f_c¢ - N7_I*(W_wlR_c*N9/N8_2*%N8_1/N7_2))/N5; %H-TVD5 £ i

i# (rad/s)
end
case 3 %% 0D+ i H-TD
switch HTVD_mode
case 1
case 2
W in f ¢ = (WwlL ctW_wiR ¢)/2; %7 §n % :# %@w’] ~ &3 (rad/s)
W inr c = (Ww2L ctW_w2R ¢)/2; %tsdwm i i# %@w’] ~ &3 (rad/s)
W_TM_c = (C(NBHNT_D*W_in_r_c - N7_I*(W_w2R_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD 5 £ 4
i# (rad/s)
end
end
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case 2 %RWD
switch D_type_r
case 1 %i£0D
W_in.r_c = (W_w2L_ctW_w2R_c)/2; %isih i & ﬁﬁ?’] » 3% (rad/s)

case 2 %tz H-TVD
switch HTVD_mode
case 1 %Hybrid mode
WV inr c = (Ww2L_ctW w2R_c)/2; %is dih % ¢ %ﬁ%l » g% (rad/s)
W_TM_c = W_in_r_c*(N5/(N5+N7_1)); %H-TVD5 £ ##:# (rad/s)

case 2 %Torque vectoring mode
W_in_r_c = (W_w2L_ctW_w2R_c)/2; %isihZ & %fﬁ%] » §& & (rad/s)
W_TM_c = (C(NGNT_D*W_in_r_c - NT_I*(W_w2R_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD 5 £ 4

i# (rad/s)
end
case 3 %% H-TD+ 50D
switch HTVD_mode
case 1
case 2
W_in_f c = (W_wlL_ctW_wlR_c)/2; %7 #h Z i# B » f:# (rad/s)
W_TM_c = ((NGNT_DD*W_in_f_c - N7_I*(W_wlR_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD 5 & 4
i# (rad/s)
W_in_r_c = (W_w2L_ctW_w2R_c)/2; %isihZ & %ﬁi;?] » 3¢ (rad/s)
end
end

case 3 %4WD
switch D_type_c
case 1 %20D
V.in f c = (WwlL ctW wIR ¢)/2; % o Z & é*;.ﬁi%] » ## 3% (rad/s)
Vinr c= (Ww2L_ctW w2R ¢)/2; %isihz ¢ é*;.ﬁi%] » g (rad/s)
W_in_c_c = (W_in_f_ctW_in_r_c)/2; %® & Z:& ‘*’ﬁis?] ~ g 3& (rad/s)

case 2 %* ZH-TVD
switch HTVD_mode
case 1 %Hybrid mode
W_in_f c = (W_wlL_ctW_wIR_c)/2; %% @hZ & B ~ i (rad/s)
W_in_r c = (W.w2L_ctW_w2R_c)/2;  %is dh i i B » ik (rad/s)
W_in_c_c = (Win_f_ctW_in_r_c)/2; %" & & i B » i (rad/s)
W_TM_c = W_in_c_c*(N5/(N54N7_1)); %H-TVD5 i & :# (rad/s)

case 2 %Torque vectoring mode
V_in f c = (WwlL_ctW wIR ¢)/2; % s i i %»ﬁs?} » # 1k (rad/s)
V.inr c = (W.w2L_ctW_w2R ¢)/2;  %ié i %ﬁ;?] » # 3% (rad/s)
V.incc= (Win f ctW in r c)/2; %* & % %»ﬁs?} » # 1k (rad/s)
W_TM_c = ((NG+NT_DD*W_in_c_c - NT_I*(W_in_r_c*N9/N8_2%N8_1/N7_2))/N5; %H-TVD 5 &

i# (rad/s)
end
case 3 % #hl-TD
switch HTVD_mode
case 1
case 2
V_in f ¢ = (WwlL_ctW wIR ¢)/2; % s i i %31?] ~ i3k (rad/s)
W inr c = (Ww2L ctW w2R ¢)/2; %isidmi %ﬁ} » g 5% (rad/s)
W_TM_c = C(NBNT_D*W_in_r_c - N7T_1*(W_w2R_r_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD5 £
## 3% (rad/s)

W incc = (Win_ f ctW in r c)/2; %* = £:& i~ it (rad/s)
end
case 4 % #hll-TD
switch HTVD_mode
case 1
case 2
W in f c = (WwlL ctW wiR c)/2; %% b i iE ﬁﬁ] » g ik (rad/s)
W_TM_c = ((N5SNT_1)*W_in_f_c — N7T_I*(W_wlR_c*N9/N8_2*%N8_1/N7_2))/N5; %H-TVD.5 £ i
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i# (rad/s)
V_inr_c = (W.w2L_ctW_w2R ¢)/2;  %ié ik ﬁéﬁ‘l gk (rad/s)
W_in_c_c = (W_in_f_ctW_in_r_c)/2; %" & ik ‘ﬁi%l » §i 3¢ (rad/s)
end
end
end

%%
% pl_Driver.m

% 2018/5/31 created by &ty

% #peVD_Main. mig * > frdlid o dhid & 00 % 0 # 4 j}%(ﬁ;—] PER
%

%% Set steering angle
switch cyc_type
case 1 %split road mu
delta_l ¢ = 0; %= ki< & (rad)
delta_r_c = 0; %+ % #i+ & (rad)

case 2 %constant cornering
if t == turning_time
if delta_i_ctrl > 0 %left turn
delta_l_c = delta_i_ctrl*deg2rad; %= # ##+ & (rad)
delta_r_c = acot(cot(delta_1_c)+(1_d/1)); %t s & 423 4 e end & sl v £ (rad)

elseif delta_i_ctrl < 0 %right turn
delta_r_c = delta_i_ctrl*deg2rad; %+ # #i& + & (rad)
delta_l_c = -acot(cot(~delta_r_c)+(1_d/1)); %9450 so & 4o 40k ih 2 5 i » £ (rad)

else % v 4 =0
delta_l_c = 0; %=+ e & (rad)
delta_r_c = 0; %+ @ #iE+ & (rad)
end
end
case 3 Y%deceleration
%A H gk

end

%% Set input torque/ vectoring torque
switch cyc_type
case 1 % (1) acc and slip

% if t==vectoring time

% FTi=FT;

% RTi=RT;

% end

%

% T_inc f =T in_c * FTi; % T_in_c_f5 wgha fefleng 4 > FTE 5 dhdz 4 & fie vt b
% Tincr="Tinc *RTi; % T incri s pedladz4 > RTE (Sdhdz 4 2 fiert &
% T_in_c=T_totaltc_c;

case 2 % (2) constant cornering

T e g R R

% if t == turning time

% T in_c = 106.3;

% F_CV = F_tclL_c/cos(delta_l_c) + F_tclR_c/cos(delta_r_c) +
F_ylL*sin(delta_l_c)/cos(delta_l_c) +F_ylR*sin(delta_r c)/cos(delta_r c);
% T CV = F_CVkr_w;

% T in_c = T_CV;

% end

case 3 %deceleration
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% if 0.5

% T in_c=T_in_c_initial-(n-500)*10%0. 001;
% else

% T_in_c=T_in_c_initial;

% end

end

%%
% p2_Traction. m
% 2018/5/31 created by Rty

% £ FeVD Main.mig * » % L3 BEE > X2 E MRS wE B RN

%

%% Traction Effort

if t == vectoring time
turn_u = u_c;

end

%% Wheel longitudinal moving speed
v.w2l c =uc - 1.d/2%r_c; %= & msie ik B (m/s)
V_W2R ¢ = u_c + 1.d/2%r_c; %+ 14 #sie & & (n/s)

vwll c =uc - 1.d/2%r_c; %= se & & (m/s)
v_wlR c = u_c + 1_d/2%r_c; %+ 4w & & (n/s)

%% Tire Slip

switch Drive_type
case 1 %FWD
% is2Lc=0; %=tefifFi
% is2Rc=0; %tiEhiFL
i_s 2L_c = (r_wkW_w2L_c - v_w2L_c)/abs(r_w * W_w2L_c);
i_s 2R ¢ = (r_w*W_w2R_c - v_w2R_c)/abs(r_w * W_w2R_c);

i_s 1L_c = (r_w¥W_wlL_c - v_wlL_c)/abs(r_w * W_wlL_c);
i_s IR ¢ = (r_w¥W_wlR_c - v_wlR_c)/abs(r_w * W_wIR_c);

case 2 %RWD
i_s 2L c = (r_wkW_w2L_c - v_w2L_c)/abs(r_w * W_w2L_c);
i_s 2R c = (r_wkW_w2R_c - v_w2R_c)/abs(r_w * W_w2R c);

% is1lc=0; %=n#HifFL

% is_ IRc=0; %tn#ifi
i_s 1L.c = (r_w¥W_wlL_c - v_wlL_c)/abs(r_w * W_wlL_c);
i_s_IR ¢ = (r_wkW_wlR_c - v_wIR_c)/abs(r_w * W_wIR_c);

case 3 %4WD
i_s 2L c = (r_wkW_w2L_c - v_w2L_c)/abs(r_w * W_w2L_c);
i_s 2R ¢ = (r_w¥W_w2R_c - v_w2R_c)/abs(r_w * W_w2R_c);

i_s_IL.c = (r_wkW_wlL_c - v_wlL_c)/abs(r_w * W_wlL_c);
i_s IR ¢ = (r_w¥W_wlR_c - v_wlR_c)/abs(r_w * W_wIR_c);
end
%% Normal Load of Each Tire
% fnl = (m_car¥g*l_b-1_h*(R_a_ct+m_car*du))/1; %% #his i w 4
% fn2 = (m_car¥g*]l_a+l h*(R_a_ctm_car¥du))/1; %isshid i = 4
%

% F_n_1L_c = (fnl*1_d/2-1_b/I*m_car¥dv¥l_h)/1_d; %=+ o w4
% F n IR ¢ = (fnl*1 _d/2+1 b/1*m_car*dvkl h)/1 d; %+ # #&i = 4
% F_n_2L_c = (fn2%1_d/2-1_a/1*m_car¥dvkl_h)/1_d; %= s i w 4
% F_n_2R_c = (fn2%1_d/2+1_a/I*m_car¥dvkl_h)/1_d; %+ (s ki v 4

fnl = (m_car*gXl_b-1_h*(R_a_c+m_car*(du-r_c*v_c)))/1; %% it
fn2 = (m_car*gXl_a+l_h*(R_a_c+m_carX(du-r_c*v_c)))/1; %isdhiin
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e

F_n_1L_c = (fnl*1_d/2-1_b/I*m_car*(dvtu_c*r_c)*1_h)/1_d; %= % o w» 4
F n IR c = (fnl*1_d/2+1_b/1*m_car*(dvtu_c*r_c)*1_h)/1 d; %+ s i » 4
F_n_2L_c = (fn2%1_d/2-1_a/I*m_car*(dvtu_c*r_c)*1_h)/1_d; %= s w4
F n 2R c = (fn2%1_d/2+1_a/1*m_car*(dvtu_c*r_c)*1_h)/1 d; %+ s » 4

Yt h e 4 AFE <=0
if Fn2l c<=0
"Fn2lc<=0
stop
end

if F.n 2R c <=0
"Fn2Rc<=0
stop

end

if Fn_lL.c<=0
'Fn_lLc <=0
stop

end

if F_n_IRc<=0
"Fn_IRc <=0
stop

end

%% & * NP8 & $h 5w spds 4

F_tclL_c = sign(i_s_IL_c)*XMagicFormula(F_n_IL_c,abs(i_s_IL_c)); %= & @5g# 4 (N)
F_tclR_c = sign(i_s_IR_c)*XMagicFormula(F_n_IR_c,abs(i_s_IR c)); %+ # #h5g# 4 (N)
F_tc2L_c = sign(i_s_2L_c)*XMagicFormula(F_n_2L_c, abs(i_s_2L_c)); %= & #h5g# 4 (N)
F_tc2R_c = sign(i_s_2R_c)*XMagicFormula(F_n_2R_c, abs(i_s_2R_c)); %+
%% ;*E,é ﬁ%w'ﬁ % (side slip angle)
if u

alpha_fr =0; %tm#mplF s (rad)

alpha_f1 = 0;/01a~ﬁ%Phﬁ'& (rad)

alpha_rr = 0; %+ 2 #%Elf & (rad)

alpha rl = 0; %= @R+ (rad)
else

alpha_fl=delta_l_c-atan( (l_a¥r_ctv_c)/(u_c-1_d/2%r_c) ); %=+ #&plif & (rad)
alpha_fr=delta_r_c-atan( (l_a*r_ctv_c)/(u_ctl_d/2%r_c) ); %+ ##pliF £ (rad)
alpha_rl=atan( (1_b*r_c-v_c)/(u_c-1_d/2%r_c) ); %= s #ilif & (rad)
alpha_rr=atan( (1_b¥r_c-v_c)/(u_ctl_d/2%r_c) ); %+ el £ (rad)

end

%% i€ NP3t B & #hiplw 4

F_ylL = sign(alpha_f1)*YMagicFormula(F_n_IL_c, abs(alpha_f1)); %= % #]+ # (N)
F_yIR = sign(alpha_fr)*YMagicFormula(F_n_IR c,abs(alpha_fr)); %+ #pl= 4 (N)
F_y2L = sign(alpha_rl)*YMagicFormula(F_n_2L c, abs(alpha_rl1)); %= i #flw 4 (N)
F_y2R = sign(alpha_rr)*YMagicFormula(F_n_2R_c, abs(alpha_rr)); %+ & &+ # (N)

%% Road Friction # & A#sit#ck €+ PFslip ratio % tractioni|4t
% 1if x c> 1.5 & x c < 1.6

% mull = hlghfmu,

% end

if t == slip_time_start_IL %= # &
mulL = low_mu;

elseif t == slip_time_end_1L
mulL = high_mu;

end

if t == slip_time_start_IR %+ # %
mulR = low_mu;
elseif t == slip_time_end_IR
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mulR = high_mu;
end

if t == slip_time_start_2L %= i %
mu2l = low_mu;

elseif t == slip_time_end_2L
mu2l = high_mu;

end

if t == slip_time_start_2R %+ i #%
mu2R = low_mu;

elseif t == slip_time_end_2R
mu2R = high_mu;

end

Wh LIETSRE 4 2Rl 4 2 b4 R FACER BB 0 FACERI AR L VR G|F fe s gl

if (F_tclL_c*F_tclL_c+F_ylL*¥F_yl1L)>(F_n_IL_c*mulL*¥F_n_IL_c*mulL)
ratio_tc_l1L = F_tclL_c;
ratio_y_IL = F_ylL;
F_tcll_c = F_n_IL_c*mulL*ratio_tc_l1L/sqrt(ratio_tc_lL*ratio_tc_lL+ratio_y_lL*ratio_y_1L);
F_yIL = F_n_IL_c*mulL*¥ratio_y_IL/sqrt(ratio_tc_lL*ratio_tc_lL+ratio_y_lL*ratio_y_IL);
slip_wlL = 1; %% & 2 4~ 50> 5 7 @47 F Prcommand window™ r4 &g %
%t;
else
slip_wlL = 0;
end

%+ T
if  (F_tclR_cXF_tclR_c+F_yIR¥F_yIR)>F_n_IR c*mulR*¥F_n_IR_c*mulR
ratio_tc_IR = F_tclR_c;
ratio_y_IR = F_yIR;
F_tclR_c = F_n_IR_c*mulR*¥ratio_tc_l1R/sqrt(ratio_tc_lR*¥ratio_tc_IR+ratio_y_l1R*ratio_y_IR);
F_yIR = F_n_IR_c*mulR*¥ratio_y_IR/sqrt(ratio_tc_IR¥ratio_tc_IR+ratio_y_IR*ratio_y_IR);

slip_wlR = 2;
%t
else
slip_wlR = 0;
end
%= i B

if (F_tc2L_c*F_tc2L_c+F_y2L*F_y2L)>(F_n_2L_c*mu2L*F_n_2L_c*mu2L)
ratio_tc_2L = F_tc2L_c;
ratio_y_2L = F_y2L;
F_tc2L_c = F_n_2L_c*mu2L*ratio_tc_2L/sqrt(ratio_tc_2L*ratio_tc_2L+ratio_y_2L*ratio_y_2L);
F_y2L = F_n 2L c*mu2L*ratio_y_2L/sqrt(ratio_tc_2L*ratio_tc_2L+ratio_y_2L*ratio_y_2L);

slip_w2L = 3;
it
else
slip_w2L = 0;
end
%t 15 B

if (F_tc2R_c*F_tc2R _c+F_y2R*F_y2R)>F n_ 2R _c*mu2R*¥F_n_2R_c*mu2R
ratio_tc_2R = F_tc2R_c;
ratio_y_2R = F_y2R;
F_tc2R_c = F_n_2R_c*mu2R*ratio_tc_2R/sqrt(ratio_tc_2R¥ratio_tc_2R+ratio_y_2R*ratio_y_2R);
F_y2R = F_n 2R c*mu2R*ratio_y_2R/sqrt(ratio_tc_2R*ratio_tc_2R+ratio_y_2R*ratio_y_2R);

slip_w2R = 4;
%t ;
else
slip_w2R = 0;
end

%% Calculate rolling resistance
% if uc >0
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% c_r = 0.0136+0. 4%¥le-T*(u_c*3.6)"2; %igd o4 i
% elseif u_c <=0

% cr=0;

% end

c_r = 0.0136+0. 4¥le-T*(u_c*3.6)"2; %igdfe 4 ik
Rril_c = F_n_1L_c*c_r; %= #higd 4 (N)

RriRc =F n IR c*c r; %+ aikigd e (N)

Rr2lL_c = F_n_2L_c*c_r; %= ié#higd e (N)

Rr2R c = F n 2R c*c_r; %+ s #migd e (N)

%% % HTe G 4 R e (BREe 4 RErES )

F xIL = F_tclL_c-R.rll_c; %= # #isims £ 4 (N)
F xIR = F_tclR cR rIR c; %+ it sim = 4 (N)
F x2L = F_tc2L_cR r2L_c; %=t i w24 (N)
F_x2R = F_tc2R_c-R_r2R_c; %+ s sie < 4 (N)

%% Calculate the total/ individual tractive effort and torque
F_totaltc_c = F_tc2L_c + F_tc2R ¢ + F_tclL_c + F_tclR_c; %% & spd: 4 (N)
F_totaltc f ¢ = F_tcllL_c + F_tclR c; % #hidsed 4 (N)
F_totaltc_r_c = F_tc2L_c + F_tc2R_c; %is i smd 4 (N)

T tcll_c = F_tell_c¥r_w; %= # &5 4 2=(Nm)

T_tclR_c = F_tclR ckr_w; %+ # #5564 52(Nm)

T_tc2l_c = F_tc2L_c¥r_w; %= i #5886 4 2=(Nm)

T tc2R_c = F_tc2R _c*r_w; %+ 4 &5 4 = (Nm)

T_totaltc_c = F_totaltc_ckr_w; %@ 3 55# 4 =(Nm)
T_totaltc_f_c = F_totaltc_f_c*r_w; %3 shi sgde 4 5= (Nm)

T totaltc_r_c = F_totaltc_r_ckr_w; %ié fhih 5z 4 a=(Nm)

%% X5 EHFH A
if t == t_change
T_in_c = T_in;
end
%% FRds > N/ E k EH

YR Eded N Walph s i d kg
switch HTVD_mode
case 1 %Hybird mode
if t >= hybrid_time
T TM_c = T_TM_change;
else
T T c =0;
end

case 2 %Torque vectoring mode
if t >= vectoring_ time
T TM_c = T_TM_change;
else
T_TM_c = 0;
end
end

switch Drive_type
case 1 %FWD
switch D_type_f
case 1 %= 0D

p2_0D_FWD_RWD

dW_wlL_c = roundn(sol_c(1), dot_precise); %= i & v & (rad/s" 2)

dW_wlR_c = roundn(sol_c(2), dot_precise); %+ o i & i & (rad/s 2)

dW_in_f_c = roundn(sol_c(3), dot_precise); %7t ihi i# Fdij » o b 4ot R (rad/s"2)
dW_w2L_c = 0;

dW_w2R_c = 0;

case 2 % = H-TVD
switch HTVD_mode
case 1 %Hybrid mode
p2_HTVD_FWD_RWD_Hybrid_mode
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dW_wlL_c = roundn(sol_c(2), dot_precise); %= # i & v if & (rad/s 2)
dW_wIR_c = roundn(sol_c(3),dot_precise); %+ 7 it & 4v i B (rad/s 2)
dW_TM_c = roundn(sol_c(4),dot_precise); %5 i & 4c ik & (rad/s 2)

dW_in_f_c¢ = roundn(sol_c(1l), dot_precise); %7 i % i ‘*’“%I » fih & 4e sk R (rad/s>2)

dW_w2L_c = 0;
dW_w2R_c = 0;

case 2 %Torque vectoring mode

end

if t < vectoring_time
p2_HTVD_FWD_RWD_I_mode
dW_wlL_c = roundn(sol_c(2), dot_precise); %=
dW_wlR_c = roundn(sol_c(3), dot_precise); %+
dW_in_f_c¢ = roundn(sol_c(1), dot_precise); %7 i
dW_w2L_c = 0;
dW_w2R_c = 0;

elseif t >= vectoring_time
p2_HTVD_FWD_RWD_TV_mode
dW_wlL_c = roundn(sol_c(2), dot_precise); %=
dW_wIR_c = roundn(sol_c(3), dot_precise); %+ =

W & 4ei# B (rad/s"2)
ﬁ%' seiik B (rad/s"2)

% it %%I »h 4 4ei# & (rad/s"2)

# & 4eit & (rad/s"2)
¥ & 4o B (rad/s"2)

dW_TM_c = roundn(sol_c(4), dot_precise); %5 i & 4ci# & (rad/s 2)
dW_in_f_c = roundn(sol_c(1), dot_precise); % fh i & %!ﬁ%] » fih & 4o i B (rad/s”2)

dW_w2L_c = 0;
dW_w2R ¢ = 0;
end

case 3 %+ 0D+ ¢4 H-TD
switch HTVD_mode
case 1
case 2

end

end
case 2 %RWD
switch D_type_r
case 1 %0D

p2_0D_FWD_RWD
dW_wlL_c = roundn(sol_c(1), dot_precise);
dW_wlR_c = roundn(sol_c(2), dot_precise);
dW_in_f_c = roundn(sol_c(3), dot_precise); %5’7 31'3
T in_now = T in_c;
T_in_c = 0;
if t < vectoring_time
p2_HTVD_FWD_RWD_I_mode
dW_w2L_c = roundn(sol_c(2), dot_precise); %= {
dW_w2R_c = roundn(sol_c(3), dot_precise); %+ f

0
%)
0
%)

2%
e

24
I

’wii R (rad/s"2)
4vik & (rad/s"2)

B~ phd et & (rad/s™2)

W& 4eid B (rad/s”2)
ik 4oid B (rad/s"2)

dW_in_r_c = roundn(sol_c(1), dot_precise); %iéih i i é‘%ﬁﬁ] > fhd 4eik B (rad/s”2)

elseif t >= vectoring time
p2_HTVD_FWD_RWD_TV_mode
dW_w2L_c = roundn(sol_c(2), dot_precise); %= i
dW_w2R_c = roundn(sol_c(3), dot_precise); %+ i

dV_TM_c = roundn(sol_c(4),dot_precise); %% & &

¥ & 4o B (rad/s”2)

¥ & 4oik B (rad/s"2)

4vik & (rad/s"2)

dWV_in_r_c = roundn(sol_c(l), dot_precise); % jh % ik %%} » gih & 4eif & (rad/s™2)

end
T_in_c = T_in_now;

p2_0D_FWD_RWD

dW_w2L_c
dW_w2R_c
dW_in_r

dW_wlL_c =
dW_wlR_c =

= roundn(sol_c(1), dot_precise); %

f$#s & 4ei# B (rad/s"2)

0 2
= roundn(sol_c(2), dot_precise); %+ |é 4 4ci B (rad/s"2)
0/2%

_c = roundn(sol_c(3), dot_precise);
0;
0;

case 2 % H-TVD
switch HTVD_mode

case

1 %Hybrid mode
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p2_HTVD_FWD_RWD_Hybrid_mode
dW_w2L_c = roundn(sol_c(2), dot_precise);
dW_w2R_c = roundn(sol_c(3), dot_prec1se),

dW_TM_c = roundn(sol_c(4),dot_precise); %5 & &
dW_in_r_c = roundn(sol_c(1), dot_precise);

dW_wlL_c = 0;
dV_wIR c = 0;

case 2 %Torque vectoring mode

end

if t < vectoring_time
p2_HTVD_FWD_RWD_I_mode

e

4vik & (rad/s"2)
& 4vi#E B (rad/s™2)
vif & (rad/s"2)

(NN

\5‘\‘»*%‘;

% =
/2
N T

% s iﬁéﬁ‘;t? ?'gﬁaal » ﬁﬂilf@ﬁi(rad/SAZ)

dW_w2L_c = roundn(sol_c(2), dot_precise); %= i ¥ & i & (rad/s"2)

dW_w2R ¢ =

dW_in_r_c = roundn(sol_c(1), dot_precise);
dW_wlL_c = 0;

dW_wIR ¢ = 0;

elseif t >= vectoring time
p2_HTVD_FWD_RWD_TV_mode

roundn(sol_c(3), dot_precise); %+ {4 # & 4vid & (rad/s 2)
%15 fh X 1# %ﬁis?‘] ~ gih & 4o ik B (rad/s"2)

dW_w2L_c = roundn(sol_c(2), dot_precise); %= 4 # & 4vit & (rad/s 2)
dW_w2R_c = roundn(sol_c(3), dot_precise); %+ i i & it & (rad/s 2)
dW_TM_c = roundn(sol_c(4), dot_precise); %5 i & 4vik /& (rad/s 2)

dWV_in_r_c = roundn(sol_c(1), dot_precise);

dW_wlL c = 0;
dV_wIR_c = 0;
end

case 3 %{s 0D+ = H-TD
switch HTVD_mode
case 1
case 2

end

end

case 3 %4WD
switch D_type_c
case 1 %0D

p2_0D_4W
dW_wlL_c
dW_wlR_c
dW_w2L_c
dW_w2R_c
dW_in_c_
dW_in_f
dW_in_r_
T in_f_c

_c = roundn(sol_c(2), dot_precise);

p2_0D_FWD_RWD
dW_w2L_c = roundn(sol_c(1), dot_precise);
dW_w2R_c = roundn(sol_c(2), dot_precise);

dW_in_r_c = roundn(sol_c(3), dot_precise);

T_in_now = T_in_c;

T in_c = 0;

if t < vectoring_time
p2_HTVD_FWD_RWD_I_mode

dW_wlL_c = roundn(sol_c(2), dot_precise); %=
dW_wIR_c = roundn(sol_c(3), dot_precise); %Jp
dW_in_f_c¢ = roundn(sol_c(1), dot_precise);

elseif t >= vectoring_ time
p2_HTVD_FWD_RWD_TV_mode

dW_wlL_c = roundn(sol_c(2), dot_precise);

dW_wlR_c

end
T in_c = T_in_now;

D

I
3

s

kS qk |4t . |4t

EN
=), gv gv .r N

roundn(sol_c(4), dot_precise);
= roundn(sol_c(5), dot_precise); !
roundn(sol_c(6), dot_precise);
roundn(sol_c(7), dot_precise);
¢ = roundn(sol_c(1), dot_precise);

=

=)

non

B

se o
R s

¢ = roundn(sol_c(3), dot_precise);
= roundn(sol_c(11), dot_precise);

‘eS'
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roundn(sol_c(3), dot_precise); %+
dW_TM_c = roundn(sol_c(4), dot_precise); %5 é
dW_in_f_c = roundn(sol_c(1), dot_precise);

%% s s & 4v ik B (rad/s"2)
%+ 14 Hn & 4v ik B (rad/s"2)

Yts B £ g gg!ﬁs?] »ghk 4vi# B (rad/s"2)

fs ph £ id %%ﬁ »h & 4o iE & (rad/s"2)

L i & 4eid & (rad/s"2)
W & 4eif & (rad/s™2)

ik & 4eiE B (rad/s”2)
% 4vik & (rad/s"2)
ﬁﬂv

% = W
2

[4

i# & (rad/s"2)

W s & 4vid B (rad/s 2)
W i & 4o it & (rad/s"2)
{6 Hs & 4vik B (rad/s"2)
ﬁi? & 4viik B (rad/s"2)

xf E?lﬁ;]%ﬁ:&_hﬁ E{(I‘dd/SAZ)
ER E@m}/\ﬁbiﬁxé B (rad/s"2)
ER E@m}/\ﬁbiﬁxé B (rad/s"2)

W fh L 1§ E’;ﬁ%} » 4= 4 (Nm)

EL
W g F - gk deig & (rad/s"2)

Lk By~ phd et A (rad/s"2)
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T_in_r_c = roundn(sol_c

case 2 % H-TVD
switch HTVD_mode
case 1 %Hybrid mode
p2_HTVD_4WD_Hyb
dW_wlL_c = roun
dW_wIR_c = roun
dW_w2L_c = roun
dW_w2R_c = roun
dW_in_c_c = roul
dW_in_f_c = roul
dWV_in_r ¢ = rou
dW_TM_c = round
T in_f_c = roun
T in_r c = roun
case 2 %Torque vect
if t < vectorin

p2_HTVD_4WD_

dV_wiL_c =
dW_wIR ¢ =
dW_w2L_c
dWV_w2R_c =
dWV_in c_c =
dV_in_f_c =
dV_in_r_c =
Tinfc =
T_in_r_c =

(12), dot_precise);

rid_mode

dn(sol_c(6),dot_precise);
dn(sol_c(7), dot_precise);
dn(sol_c(8), dot_precise);
dn(sol_c(8), dot_precise);
ndn(sol_c(1), dot_precise);
ndn(sol_c(2), dot_precise);
ndn(sol_c(3), dot_precise);

R X =X X =X

n(sol_c(4), dot_precise); ! % é

dn(sol_c(17), dot_precise); %7
dn(sol_c(18), dot_precise); %
oring mode

g time

I_mode

roundn(sol_c(9), dot_precise);

roundn(sol_c(10), dot_precise);
roundn(sol_c(11), dot_precise); %
roundn(sol_c(12), dot_precise);
roundn(sol_c(1), dot_precise);
roundn(sol_c(2), dot_precise);
roundn(sol_c(3), dot_precise);
roundn(sol_c(21), dot_precise);
roundn(sol_c(22), dot_precise);

<+ ok [ [

'S‘l’ﬁ*'i‘l"?*.‘t‘ [N 4

< a2
=k

i ph L id T~ (Nm)

4 4ot B (rad/s2)
3 & Seid & (rad/s”2)
fé i & 4o Ti(rdd/s 2)
ﬁif

A ¥ ggﬁs?l/\ﬁ’v&éu?ﬁ‘(rdd/s 2)
A ¥ ggﬁﬁ*ﬁ’vé‘lﬁﬁ‘(rdd/s 2)
Lﬁ ?ﬁ-% » fh & 4ot B (rad/s"2)
4mﬁ‘ﬁ‘(rad/s 2)
h X i ?ﬁ-ﬁaﬁl »3= 4 (Nm)

%5 phiL i@ ﬁ%} » 424 (Nm)

%= % i & 4eig B (rad/s 2)
%+ s & 4o i B (rad/s"2)
tsih & 4 B (rad/s"2)
%Ltk e 4 4vid B (rad/s"2)
e A LiE B~ phd ik R (rad/s 2)
T L & F i~ 4eid R (rad/s"2)
hisph L & Fdy ~ s 4eid & (rad/s"2)
o gL g T~ 4z 4 (Nm)
%16 ph L g T~ 4= 4 (Nm)

dW_TM_c = roundn(sol_c(4), dot_precise); %5 i & 4ci# & (rad/s 2)

elseif t >= vec

p2_HTVD_4WD_’

dW_wlL c =
dW_wIR ¢
dV_w2L_c =
dW_w2R ¢
dV_in_c_c =
dW_in_f ¢ =
dV_ in.r c =
T in_f_c
Tinrc=
dW_TM c = r
end

end
end

toring_time

TV_mode

roundn(sol_c(8), dot_precise);
roundn(sol_c(9), dot_precise);

roundn(sol_c(10), dot_precise);
roundn(sol_c(11), dot_precise);
roundn(sol_c(1), dot_precise);
roundn(sol_c(2), dot_precise);
roundn(sol_c(3), dot_precise);
roundn(sol_c(20), dot_precise);

roundn(sol_c(21), dot_precise)
oundn(sol_c(4), dot_precise);

end

clear sol _c;

W BT - PR A

switch Drive_type
case 1 %FWD

£t B~ poit i

switch D_type_f
case 1 %= 0D
V_in f n=Win f c + dV_in_f_c*dt;
W_wll n = WwlL c + dW_wlL_c*dt;
W_wIR_n = W_wIR_c + dW_wIR_c*dt;

Vw2l c = v_w2lL_c/r_w;
W_w2R_c = v_w2R_c/r_w;

case 2 %% H-TVD
switch HTVD_mode

case 1 %Hybrid mode

W_in_f n = W_in_f_c + dW_in_f_c*dt;

W_TM.n = W.TM_c + dW_TM_c*dt;

W_wllL n = WwlL c + dV_wlL_c*dt;
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%% % s & 4v ik B (rad/s"2)

%t w0 % & 4eid B (rad/s"2)

%% 5k 4eid B (rad/s"2)

%t 1o & 4eid B (rad/s™2)

%e L ¥ gﬁ%»ﬁhﬁécﬁfi(rad/s?)

b ph i g B~ b & et & (rad/s2)

T ph L & By~ ph & ik R (rad/s"2)
fh ph ik Eay 424 (Nm)
his ph g ik Fhy o~ 4z 4 (Nm)

53 & 4eig & (rad/s"2)
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W_wIR_n = W_wlR_c + dW_wlR_c*dt;

W_w2l_c = v_w2lL_c/r_w;
W_w2R ¢ = v_w2R_c/r_w;

case 2 %Torque vectoring mode
if t < vectoring_time
W in_f n = W_in_f_c + dW_in_f_c*dt;
W_wlL.n = WwlL_c + dW_wlL_c*dt;
W wIiR n = W.wlR_c + dW_wlR_c*dt;
W_TM_c = ((N5SNT_1)*W_in_f_c - N7_I*(W_wIR_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD 5
£ ¥ (rad/s)

W_w2l_c = v_w2lL_c/r_w;
W_w2R_c = v_w2R_c/r_w;

elseif t >= vectoring_time
W in f n=W_.inf c+ dW_in_f ckdt;
W_TM_n = W_TM_c + dW_TM_c*dt;
W_wlL_n = W_wlL_c + dW_wlL_c*dt;
W wIiR n = WwlR_c + dW_wlR_c*dt;

W_w2L_c = v_w2L_c/r_w;
W_w2R_c = v_w2R_c/r_w;
end
end
case 3 %% OD+{s H-TD
W_in_f n = W_in_f_c + dW_in_f_c*dt;
W wlL n = WwlL c + dW_wlL_c*dt;
W wIlR n = WwlR_c + dW_wlR_cxdt;
switch HTVD_mode
case 2 %Torque vectoring mode
if t < vectoring_time
W_in_r_n = W_in_r_c + dW_in_r_c*dt;
W w2l n = W.w2lL_c + dW_w2L_c*dt;
W_w2R_n = W_w2R_c + dW_w2R_c*dt;
W_TM_c = ((NGHNT_ID*W_in_r_c - NT_I*(W_w2R_c*N9/N8_2%N8_1/N7_2))/N5; %H-TVD 5
@ iE (rad/s)

elseif t >= vectoring time
Winrn=Winrc + dV in r ckdt;
W_TM_n = W_TM_c + dW_TM_c*dt;
W w2l n = Ww2lL c + dW_w2L_c*dt;
W w2R n = W.w2R_c + dW_w2R_c*dt;
end
end
end
case 2 %RWD
switch D_type_r
case 1 %i20D
W_in_r_n = W_in_r_c + dW_in_r_c*dt;
W w2l n = Ww2L c + dW_w2L_c*dt;
W_w2R_n = W_w2R_c + dW_w2R_c*dt;

WwlL c = v_wlL_c/r_w;
W_wlR_c = v_wlR_c/r_w;

case 2 %t H-TVD
switch HTVD_mode
case 1 %Hybrid mode
W_in_r_n = W_in_r_c + dW_in_r_c*dt;
W_TM_n = W_TM_c + dW_TM_c*dt;
W_w2L_n = W_w2L_c + dW_w2L_c*dt;
W_w2R_n = W_w2R_c + dW_w2R_c*dt;

W_wll c = v_wlL_c/r_w;
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W_wIR_c = v_wlR_c/r_w;

case 2 %TV mode
if t < vectoring_time
W.inrn=W_.inrc+ dV in r ckdt;
W_w2l_n = W.w2lL_c + dW_w2L_c*dt;
W w2R n = W.w2R_c + dW_w2R_c*dt;
W_TM_c = ((N5SNT_1)*W_in_r_c - N7_I*(W_w2R_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD5&
Z 3¢ (rad/s)

Wwll_c = v_wlL_c/r_w;
W_wIR ¢ = v_wlR_c/r_w;

elseif t >= vectoring time
W in_r n = W_in_r c + dW_in_r_c*dt;
W_TM_n = W_TM_c + dW_TM_c*dt;
W w2l n = W.w2lL_c + dW_w2L_c*dt;
W_w2R n = W_.w2R_c + dW_w2R_c*dt;

Wwll c = v_wlL_c/r_w;
W_wIR_c = v_wIR_c/r_w;
end

end

case 3 %fs 0D+ H-TD

W_in_r_n = W_in_r_c + dW_in_r_c*dt;

W_w2L_n = W_w2L_c + dW_w2L_c*dt;

W w2R n = W.w2R_c + dW_w2R_c*dt;

switch HTVD_mode

case 2 %Torque vectoring mode
if t < vectoring_time

W_in_f n = W_in_f_c + dW_in_f_c*dt;
W wll n = WwlL c + dW_wlL_c*dt;
W wIiR n = WwlR_c + dW_wlR_c*dt;
W_TM_c = ((NGHNT_ID*W_in_f_c - N7_I*(W_wIR_c*N9/N8_2%N8_1/N7_2))/N5; %H-TVD 5

# 4 (rad/s)
elseif t >= vectoring_ time
W.in f n=W.inf c + dW_ in f c*dt;
W_TM_n = W_TM_c + dW_TM_c*dt;
W wlL n = WwlL c + dW_wlL_c*dt;
W wlR n = WwlR c + dW_wlR_c*dt;
end
end
end
case 3 %4WD
switch D_type_c
case 1 %0D

W_in_f n = W_in_f_c + dW_in_f_c*dt;

W wlL n = WwlL c + dW_wlL_c*dt;

W_wIR_n = W_wIR_c + dW_wIR_c*dt;

W_in_r_n = W_in_r_c + dW_in_r_c*dt;

W w2l n = Ww2L c + dW_w2L_c*dt;

W_w2R_n = W_w2R_c + dW_w2R_c*dt;

W incn=Winc c + dV in c c*dt;

case 2 % H-TVD

switch HTVD_mode
case 1 %Hybrid mode

W_in_f n = W_in_f_c + dW_in_f_c*dt;
W_wlL_n = W_wlL_c + dW_wlL_c*dt;
W_wIR_n = W_wlR_c + dW_wIR_c*dt;
W_in_r_n = W_in_r_c + dW_in_r_c*dt;
W_w2L_n = W_w2L_c + dW_w2L_c*dt;
W_w2R_n = W_w2R_c + dW_w2R_c*dt;
W_in_c_n = W_in_c_c + dW_in_c_c*dt;
W_TM_n = W_TM_c + dW_TM_c*dt;
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case 2 %Torque vectoring mode
if t < vectoring_time

W in f n=W_.inf c+ dW_ in_f ckdt;
W wlL n = WwlL c + dW_wlL_c*dt;
W_wIR n = W.wlR_c + dW_wlR_c*dt;
W.inrn=W_.inrc+ dV in r ckdt;
W_w2L_n = W.w2lL_c + dW_w2L_c*dt;
W_w2R n = W_.w2R_c + dW_w2R_c*dt;

W incn =W_.incc + dV_in_c_c*dt;
W_TM_c = ((N5SNT_1)*W_in_c_c - N7_I*(W_in_r_c*N9/N8_2*N8_1/N7_2))/N5; %H-TVD 5

£ ¥ (rad/s)

elseif t >= vectoring_time
W in f n=W_inf c+ dW_in_f ckdt;
W wlL.n = WwlL c + dW_wlL_c*dt;
W_wIR_n = W.wlR_c + dW_wlR_c*dt;
W.inrn=W.inrc+ dV in r ckdt;
W w2l n = Ww2lL_c + dW_w2L_c*dt;
W_w2R_n = W_w2R_c + dW_w2R_c*dt;
W incn=W.incc + dV_ in c c*dt;
W_TM._n = W_TM_c + dW_TM_c*dt;

end

end
end
end
%% Calculate current resistance
R_r_c = m_car¥g¥c_r; %%F & jpdope 4
R_a_c = 1/2%c_d*rho_a*A_f*u_c"2; %z 4 re?
R_total ¢ =R r c + Rac; %4

9%

% p3_VD. m
% 2018/6/3 created by ety
% #AeVD Main. mig * » 3-8 & £ # i

%

W B 5 Rl &

if uc ==

beta = 0;
else

beta = atan(v_c/u_c); %vehicle slip angle (rad)
end

%% Vehicle Dynamics
%3t B B L Aeid B (du) ~ Rl 4eid B (dv) ~ yaw g & 4o R (dr)
du = 1/m_car*( F_xIL*cos(delta_l_c) + F_xIR*cos(delta_r_c) + F_x2L + F_x2R - (F_ylL*sin(delta_l_c) +
F_ylR*sin(delta_r c)) - R a_c*cos(beta) ) + r_c*v_c;
dv = 1/m_car*( F_ylL*cos(delta_l_c) + F_ylR*cos(delta_r_c) + F_y2L + F_y2R + (F_xIL*sin(delta_l_c) +
F_x1R*sin(delta_r_c)) - R_a_c*sin(beta) ) - r_cku_c;
dr = 1/1_z*( 1_a*( F_ylL*cos(delta_l_c¢) + F_ylR*cos(delta_r c¢) ) -1_b*( F_y2L + F_y2R ) +
1_a*( F_xlL*sin(delta_l c) + F_xIR*sin(delta_r.c) ) + ...
1.d/2%C F_x2R - F_x2L ) + 1.d/2*%( F_x1R*cos(delta_r c¢) - F_xlL*cos(delta_l ¢) ) +
1_d/2%( F_ylL*sin(delta_l_c) - F_ylR¥sin(delta_r_c) ) );

un =u_c + (du - r_ckv_c)kdt; %= - pF2 2 £ 5% B (n/s)
v.n =v_c + (dv + r_cku_c)kdt; %™ - pF2l @ & iplw ik B (n/s)
rn=rc+drXdt; %F - %2 £yaw rate(rad/s)

%% Calculate instant center %% % L h# < p. 18

if delta_l ¢ > 0 %=#
oc_12 = sin(pi/2-alpha_r1)*1/sin(delta_l_c-alpha_fl+alpha_rl);
oc_anlgel = pi/2-(delta_l_c-alpha_f1);
oc_p = [1_a;1_d/2]+oc_12*%[-cos(oc_anlgel);sin(oc_anlgel)];
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R_c = norm(oc_p); % & * /= (m)

elseif delta_l_c < 0 %+ &

oc_12 = sin(pi/2-(-alpha_rr))*1/sin((-delta_r_c)-(-alpha_fr)+(-alpha_rr));

oc_anlgel = pi/2-(delta_r_c—(-alpha_fr));

oc_p = [1_a;1_d/2]+oc_12*%[-cos(oc_anlgel);sin(oc_anlgel)];

R_c = norm(oc_p); %i& # L /= (m)

else
R ¢ = inf;

end

Y s e R
laternacc(n) = sqrt(u_cku_ctv_c*v_c)/R_c; %(m/s 2)

%%
% pd_Trajectory.m
% 2018/6/3 created by /ity

%

%% Vehicle Trajectory

% v_XYZ_c = [u_c*cos(theta_c)-v_c*sin(theta_c) v_c*cos(theta_c)+u_c*sin(theta_c) 0]; %Ap¥+3XYZ %% A% &

23 R

% a_XYZ_c = [du*cos(theta_c)-dvk¥sin(theta_c) dv*cos(theta_c)+duksin(theta_c) 0]; %4p¥+>+XYZ

@R

% theta_n = theta_c + r_ckdt + 0.5%dr*dt*dt; %™ - PF% & =# (rad)

% x.n =x_c + v_XYZ c(1)*dt + 0.5%a_XYZ_c(1)*dt*dt; %™ - % =#Hx(m)
% y.n=y_c+ v XYZ_c(2)kdt + 0.5%a_XYZ_c(2)*dt*dt; %™ - %l = #y(m)
% zn=2zc+ v_XYZ c(3)%dt + 0.5%a_XYZ c(3)*dtkdt; %™ - % =#Hz(m)

theta_n=theta_ctr_c*dt + 0.5%dr*dt*dt;

x_n = x_c + (u_c*cos(theta_c)-v_c*sin(theta_c))*dt + 0.5%((du-v_c*r_c)*cos(theta_c)-

(dvtu_c*r_c)*sin(theta_c))*dt*dt;

y_n = y_c + (u_c*sin(theta_c)+v_c*cos(theta_c))*dt + 0.5%((du-

v_c¥r_c)*sin(theta_c)+(dvtu_c*r_c)*cos(theta_c))*dt*dt;

%0%

% VD_sim_record. m
% 2018/6/3 created by -ty
% 4 VD _Main. mig * > jede T3 HOEET AL

%

%% Record

sim_time(n) = t; %pFF R

sim_delta_l(n) = delta_l_c; %= ##+ & (rad)
sim_delta_r(n) = delta_r_c; %+ ## < & (rad)
sim_T_in(n) = T_in_c; %@?] » 4z 4

sim T TM(n) = T TM_c; %5 i£4 4

if Drive_type == 3
sim T in_ f(n) = T in_f_c;
sim T_in_r(n) = T in r_c;

end
sim_v_w2L(n) = v_w2l_c; %= i ik &
sim v_w2R(n) = v_w2R c; %+ {4 #siE B

sim_fnl(n)=fnl; % i & 4
sim_fn2(n)=fn2; % fhit & 4

sim F_n_2L(n) = F.n_2L_c; %= $#ir » 4
sim F n 2R(n) = F.n 2R ¢; %+ iédhi w4
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sim_F_n_IL(n) = F_n_1L_c; %= % #i 4
sim_F n_IR(n) = F.n 1R c; %% » 4
sim W w2L(n) = W_w2L_c; %= & #id i
sim_W_w2R(n) = W_w2R_c; %+ 18 ik i
sim_W_wiL(n) = W_wlL_c; %= 3 #ik:#
sim W_wIR(n) = W_wlR_c; %+ o i &

sim W_TM(n) = W_TM_c; %5 i@
switch Drive_type
case 1 %FWD

sim W_in_f(n) = W_in_f_c; %% #h % & ER TR 3

case 2 %RWD

sim_W_in_r(n) = W_in_r_c; % @hi & B

case 3 %4WD

sim W_in_c(n) = W_in_c_c; %° & Z:# %

end
sim P _TM(n) = W_TM_c*T TM_c; %5 :Zpmef s % | |

sim_dW w2L(n) = dW_w2L_c; %= (& & 4ci A&
sim_dW_w2R(n) = dW_w2R_c; %+ (&5 & e B
sim_dW_wlL(n) = dW_wlL_c; %= %&ﬁif /i:
sim_dW wiR(n) = dW_wlR c; %+ # & & 4ci

sim_i_s2L(n) = i_s_2L_c; %= s 4
sim_i_s2R(n) = i_s 2R c; %+ 84 £
sim_i_s1L(n) = i_s_IL_c; % =% i 4
sim_i_sIR(n) = i_s_ IR c; %+ % %4 £

3

sim_alpha_rl(n)=alpha_rl; %= & # ®l/§ &
sim_alpha_rr(n)=alpha_rr; On‘é fs R &
sim_alpha_fl(n)=alpha_f1l; %= w%li‘ﬂ,ﬁ i
sim_alpha_fr(n)=alpha_fr; %+  # fli§ &
sim_slip_w2L(n) = slip_w2L; %%+ if (47 %=1,
sim_slip w2R(n) = slip_w2R; %%+ (=1,
sim_slip_wlL(n) = slip_wlL; %%+~ % (i if=1,
sim_slip_wIR(n) = slip_wlR; %<7+~ (47 if=1,
switch Drive_type
case 1 %FWD
switch D_type_f
case 1 %0D
sim W_in_f(n) = W_in_f_c;

case 2 % H-TVD
sim_W_in_f(n) = W_in_f_c;
sim_T_TM(n) = T_TM_c;
%sim W_TM(n) = W_TM c;
end
case 2 %RWD
switch D_type_r
case 1 %0D
sim W in_r(n) = W_in_r c;

case 2 % H-TVD
sim W_in r(n) = W.in r c;
sim T TM(n) = T_TM_c;
%sim_W_TM(n) = W_TM_c;
end
case 3 %4WD
switch D_type_c
case 1 %0D
sim_W_in_f(n) = W_in_f_c;
sim_W_in_r(n) = W_in_r_c;
sim W_in_c(n) = W_in_c_c;

else 0)
else 0)
else 0)
else 0)
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case 2 % H-TVD

end
end

sim W_in_f(n) = W_in_f_c;
sim W_in_r(n) = W_in_r_c;
sim W_in_c(n) = W_in_c_c;
sim_T_TM(n) = T_TM_c;

sim T in_f(n) = T_in_f _c;
sim_T_in_r(n) = T_in_r_c;
%sim W_TM(n) = W_TM_c;

%% Tractive effort
sim_F_tclL(n) =

sim_F_tclR(n) = F_tclR c;

sim_F_tc2L(n)
sim_F_tc2R(n)

sim_F_totaltc_

sim_T_totaltc_f(n) = T_totaltc_f_c;
sim T totaltc_r(n) = T totaltc_r c; %is #hspd # 45
sim_T_totaltc(n) =

sim_F_ylL(n)=F_ylL; %‘
sim F_yI1R(n)=F_yIR;

sim_F_y2L(n)=F_y2L; %
sim_F_y2R(n)=F_y2R; %

%% Resistance

f(n) =F_totaltc_f_c; %7 fihid 556 4
sim_F_totaltc_r(n) =F_totaltc_r_c; %% fhiy sed> 4
sim_F_totaltc(n) =F_totaltc_c; %% & spé: 4

F_tclL_c; %% # i 55#:

%+ 7 SR 4
F_tc2l_c; %=t #hopds 4
F_tc2R c; %+ & b

T_totaltc_c; %% & spé 4

% [
7 ip
'J n
il

X -
E =3

o
0» 0»

?%35?;?;

Ak

sim_R_r1L(n)=R_rlL_c; %= # $g 6o e 4

sim R_r1R(n)=R_rIR c; %:

ELE s S R

sim_R_r2L(n)=R_r2L_c; %= (& g dape 4
sim_R_r2R(n)=R_r2R_c; %+ i& g dse 4

sim R r(n) = R_r_c; %fra jgéepe
sim R a(n) = Ra c; %% 4 =+
sim_R_total(n) = R_total_c; %4tpe+4

%% position
sim_x(n)=x_c;
sim_y(n)=y_c;

sim_z(n)=z_c; !

%2
%2
%

L
Liky
¥ %z

sim_theta(n)=theta_c;

%% velocity

sim_u(n) = u_c;
sim_v(n) = v_c;
simr(n) = r_c;
beta;

sim_beta(n) =

sim_R(n) = R_c;

%% acceleratio
sim_du(n) = du;
sim_dv(n) = dv;
sim_dr(n) = dr;

Y% WG B

5

n

5

%8 Lghd R
%h Ll R
%& £ yaw rate

e g LT

ﬁ'ﬁﬁhﬁ&
Eopl e ek B
# Eyaw rate % ‘i B

U
/0
U
/0

sim_mulL(n) = mulL;
sim_mulR(n) = mulR;
sim_mu2L(n) = mu2L;
sim_mu2R(n) = mu2R;

i fhIREs 4 AE
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0/
/0

% VD_next_step.m

2018/6/3 created by ity
#peVD Main. mig * » L ATHORT#L L T - pF3

Set Next

switch Drive_type

case 1 %FWD
switch D_type_f
case 1 %% 0D
W in_f ¢ = W_in_f_n;
W wll_c = W.wlL_n;
W_wIR ¢ = W_wlR_n;

case 2 %w H-TVD
switch HTVD_mode
case 1 %Hybrid mode
W in f ¢ = W.in_f n;
W_wlL_c = W_wlL_n;
W_wlR ¢ = W.wlIR n;
W_TM_c = W_TM_n;
case 2 %TV mode
if t < vectoring_time
W_in_f_c = W_in_f_n;
W_wlL_c = W_wlL_n;
W_wlR ¢ = W.wlR n;

elseif t >= vectoring time
W.in f ¢ = W.in_f n;
W_wlL_c = W_wlL_n;
W_wlR_ ¢ = W.wlR n;
W_TM_c = W_TM_n;
end
end
case 3 %7 OD+is H-TD
W_in_f c = W_in_f_n;
W wll ¢ = W wlL n;
W_wlR_c = W_wlIR_n;
switch HTVD mode
case 2 %TV mode
if t < vectoring_time
Winrc=W.inr n;
W w2L_c = W.w2L_n;
W_w2R_c = W_w2R_n;

elseif t >= vectoring_ time
V_in_r_c = W.in_r_n;
W w2L_c = W.w2L_n;
W_w2R_c = W_w2R_n;
W_TM_c = W_TM_n;

end

end
end

case 2 %RWD
switch D_type_r
case 1 %0D
W_in_r_c = W_in_r_n;
W_w2L_c = W_w2L_n;
W_w2R_c = W_w2R_n;

case 2 % H-TVD
switch HTVD_mode
case 1 %Hybrid mode
V. in.r c = W_in_r n;
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W_w2l_c = W_w2L_n;
W_w2R_c = W_w2R n;
V_TM_c = W_TM_n;

case 2 %TV mode
if t < vectoring_time
W.inrc = W.inr n;
W_w2L_c = W_w2L_n;
W_w2R_c = W_w2R_n;

elseif t >= vectoring_time
W in_r c = W_in_r n;
W w2L_c = W_w2L_n;
W_w2R_c = W_w2R_n;
W_TM_c = W_TM_n;
end
end
case 3 % 0D+ H-TD
Winrc=W.inr n;
W_w2L_c = W_w2L_n;
W_w2R_c = W_w2R_n;
switch HTVD_mode
case 2 %TV mode
if t < vectoring_time
W_in_f_c = W_in_f_n;
W_wlL_c = W_wlL_n;
W_wlR_c = W.wlR n;

elseif t >= vectoring time
W.in f ¢ = W.in_f n;
W_wlL_c = W_wlL_n;
W_wlR_ ¢ = W.wlR n;
W_TM_c = W_TM_n;

end

end
end

case 3 %4WD
switch D_type_c
case 1 %0D
Winrc=Winr n;
W_in_f c = W_in_f_n;
W incc = W.in c n;
W w2L_c = W.w2L_n;
W_w2R_c = W_w2R_n;
W wll ¢ = W wlL n;
W_wlR_c = W_wlIR_n;

case 2 % H-TVD
switch HTVD_mode
case 1 %Hybrid mode
W.inr c=W.inr n;
W_in_f c = W_in_f_n;
W in cc = W.in c n;
W_w2L_c = W_w2L_n;
W_w2R_c = W_w2R_n;
W_wlL c = W_wlL_n;
W_wIR ¢ = W_wlR_n;
W_TM_c = W_TM_n;
case 2 %TV mode
if t < vectoring_time
W_in_r_c = W_in_r_n;
W in_f ¢ = W_in_f_n;
W_in_c_c = W_in_c_n;
W_w2L_c = W_w2L_n;
W_w2R_c = W_w2R_n;
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W_wlL_c = W_wlL_n;
W_wlR_c = W_wlR n;

elseif t >= vectoring time

W.inrc=W.inr n;
W in_f ¢ = W_in_f_n;
W incc = W.in_c_n;
W_w2l_c = W_w2L_n;
W_w2R_c = W_w2R_n;

W wll_c = W.wlL_n;
W_wIR ¢ = W_wlR_n;
V_TM_c = W_TM_n;

end
end
end
end

%% Update position
X_C = X_n;
y_c=y.n;
%z_c = z_n;
theta_c = theta_n;

%% Update velocity

u_c = u_n;
vV_C = v_n;
r.c=r.n;

%% Set next n
n = ntl;
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