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2.1 MBD of| 4 7]

« XEOo| Mg Mol 35dE &2l5tr| /5 MBD (Multi Body Dynamics) 344 &1

= MotionSolve Library Full Vehicle & 0| &3} In-Wheel EVE X7

- 2EHQ MBD o= ?Ioh =7 £ FOotd, A= & ot ds HES 79

= =Y (Steering angle)Ofl et HEFX|= Z2HH| (Steering Ratio)S MBDAl 4= Sof =¢

. EQY REZE A= ETE 743} AFSH0|A{ Q| MBD i Al

I
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2.2 ofj & &

= Motionsolve L} Library 22 AtE = Full Vehicle A&l

d (tread) 1.500 m

l¢ (front wheel to CG) 1.469 m

[ (rear wheel to CG) 1.231m

m (mass) 1261 kg

r (unloaded radius) 0.3135 m

1, (Effective rolling radius)| 0.3105 m

Macpherson Strut suspension ack & Pinion steering system
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Steering angle

" steering ratio = = steering angle = 360° - sin( gt)

tire road wheel angle

steering angle (degree)
tire road wheel angle (degree)

steering ratio(degree/degree)

Steering ratio
T-—=>1)1823

4o o= 5@1444
T~ ==>@3)14.10

Steering angle

.----)@ 0°

Lo 25® 180

f——->@3) 360°

| | | |
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
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Z2FZf 0 180° (STEP &= O| &) STEP(TIME,0.05,0,0.10,180D)

X|[HO|M Q| HER[ ZHE : 180° / 14.44 = 12.47°

M=E A : MF/Swift Tire

T OrE A £ 71 Ofl EfO|0] BE AME

X7 =& 3 m/s

7| £ RO FE Sl off A 7|0 Atz s AA|

J\ ALTAIR 18

TNO_car205_60R15.tir

[LONGITUDINAL_COEFFICIENTS]

PDX1 = 1.0422 $Longitudinal friction Mux at Fznom
PDX2 = -0.08285 $Variation of friction Mux with load

[LATERAL_COEFFICIENTS]
PDY1 = 0.8785
PDY2 = -0.06452

$Lateral friction Muy
$Variation of friction Muy with load

-Translational velocity |
¥ Vx| -3000.0000
™ Vy:| 0.0000
I~ vz | 0.0000
-Rotational velocity-

~ Wx:| 0.0000
™ Wy: | 0.0000
¥ Wz | 9.6630




23 AAIZH & st&==HA

1: MS Model
Transient: Time = 0.000000 : Frame 1

= Library model Powertrain 5! S ZEX| XA
= ME EF RO AE E3 RO =2 21 2H A 7Y

= Qg EE HHA HEOAM BHEE e AS =222 22

= ZF HEF| 0| Torque : 250 N-m (STEP 2= O[|-8) step(riME0,0,1,250)
(S8 MAHMO| TpESH 30| YofLtx| i, d A

L 7|2 15 EAQF SASIEE 250 N-m M A) 05 £33} lzst Ao
o = OT

- =
>
L

Action force on: Body 1 Wheel hub

Reaction force on:  Body 2 _’Knuckle

Apply force at: Point 1 _'Wheel center

Local ref. frame: Ref Marker jFront Wheel
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2.4 MBD oljA ZAu}

= MBD Sl A1} (LongSlip, Yaw Rate Error, x — y positon )

30 0.9 15000

LongSlip,er. Yaw Rate X — y position
0.8" L. 10000
20 LonaSli Desired Y.
ong lpright 0.7 0%
10 0.6
L % 0.5 o
2. 3 -
) ) s
g 0 % 0.4 5
> 0.3 N
-10 T (e - - i I
25000
.20 R T OO O s s o s e
0.0
-30 T T T T T '0-1 T T T T T -
O 5 10 '15 20 25 30 O S 10 15 20 25 30 ”mf;S 00 -20000 -|5bUO -10000 -5000 5000 10000 00 00!
Time Time position X

- OHF HIFIL HP’*’“ HHF| 2L S8 0O HHO| HokA 2
H

- = H Yaw Rate € FF5HX| 21 =
. M3|EHAO| %wgwq %gm Y HPZEoE oF
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Transient : Time =0.210000 : Frame 2. 1: MS Model

Transient : Time = 0.000000 : Frame 1
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3.1 X[ X2} /e
3.2 DYC €25 M4
3.3 35 E3 H|E & DYC
3.4 | X3l 1 71§ E3 H|E | X3}
3.5 %|X3} 2 DYC €12|F %X}
3.6 Z|X2} 3 & E3 H|E & DYC ¥112|& XXz}

3.7 2[Xz} s Za} Hjw
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3.2 DYC €12|Z M

ro

= ActivateE O| &3l DYC(Direct Yaw moment Control) €1 2|5 +
= MotionSolve 2} Co-Simulation2 &5l MBD ol A

= HyperstudyS 0|23}l Co-SimulationS %|H 3}

L\
steering_angle steering_angle long_vel —
‘—- yaw_rate_des M_des M_des T_I -\
\vs
yaw_rate_des
N yaw_rate
—» VX yaw_rate_real yaw_rate_error L\
- X ’/,»\
yaw_rate_desired Calculate_yaw Moment_desired \ \,
Drving Torque I Driving Torque T_r - - y

yaw_rate_error

Torque

Dri
river distribution
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3.3 15 E3J H|2 & DYC

Tarive = Tleft + Tright

» 75 E3 HEE MY « DYC ¥T2|ZE2Z HOf
] MpycXr

Tiere = Torque RatioXTgyripe Tiefe = 0.5XTgpipe — DdY/(;

Tright = (1 — Torque Ratio)XTyyiye MpycXr

Trignt = 0.5XTgrive +

d/2
= 7& EJ HE & DYC €12[FLE KO
Tiefe = Torque RatioXTgriye — M’;Y/CZXT
Trignt = (1 — Torque Ratio)XTgyipe + %ZXT ef t
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3.4 X|M2l 1 i+ E3 H|E ZHg}

9ol 0| N2 ES B2% HHF ol D12 N g T

C [T

=
2] SY 0N FHe g =zt

AAHs | E3 28| B & (Torque ratio) Tiefe = Torque RatioXTyy e
I 25 HrF| S 02y & st
B SEA , V, — 1,1}
BT | RMS2 = Z ((LongSlipiere)* + (LongSlipyigne)?) LongSlip = —%
time X
2H H Lower Bound Reference Upper Bound
E3 =4 HE 0 0.5 1

» E3 FHj H&2 0~1.0 & d=Lt

* Referencee 7+& E3 H[&2| A+50] Gl= 052 I8
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/\ « Adaptive Response Surface Method(ARSM)
* Number of Evaluations: 50
\ g ) * Absolute Convergence: 0.001
\ _ il  Relative Convergence: 1.000
\ i — * Input Variable Convergence: 0.001
0.0E+00 3 | | | | | _// .
== 2 ol
« N3 21t B Hets
AR | e E3 24 HE
& RE 0.5000 : 0.5000

0.2037 : 0.7963

s
1
fot
o
|l
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3.4 |83t 1 8 E3 H|E x[H= Eut

- LongSlip;ert
- R P
LongSllpright
YL .z}, 9% £3 2Hj Hg AN 2 Y
30 30
20 20
101 101

it:%

unit

o
unit : %

o

1

|

=10 -104
-20- -20-
-30 T T T T T -30 T T T ! !
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time Time

.o

—_—

Z HiF(o| S 0|n2{HO| Bio| A
- QHF, HPEE BT 2| Y 0N HO| Aol EX[5HA &
2

« RMS2: 301610.18 — 27614 90.84% &=~
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3.4 |83t 1 8 E3 H|E x[H= Eut

E e Yaw Rate
= Yaw Rate Error == Desired Yaw Rate

YL .z

Yaw Rate
Yaw Rate

0.0 0.0

'01 T T T T T '01 T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time Time

« X7 IH2 EF Yaw Rate2l Yaw Rate’| MZ ZASFH0| g2
« EHH3t1 RE2 FZE0| Al L€X[5HH Yaw Rate Error’t 02 5

o
« RMS2: 446.63 — 2.014 99.5% &2

30
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3.5 X|®3} 2 DYC ¥12|= % Mg}

MAML | PIAHOZ| MO A=K Mpycxr
Tieft = 0.5XTgrive — /2
S H Yaw RateOf Cist 9_7(} Z| A2}
=X | pus2 = 2 (yaw rateg,gireq — yaw rate)?
time B e &
yaw_rate_des n D
M _des
B _ _
A H Lower Bound Reference Upper Bound | |,aw rate real
K, 20 500 50000 Flus
K; 1 50 2500
MO A=k

« A 25 EZQ 500 N-m2| 10%2tE5 = My 0 2ot TS EIZ 7t

= Mpy.= HFFO| A MZY/‘;XT Ol F=EARE S X 7|2 EO| Yaw Rate ErrorZt €F 0.250|2 &

K,=500 & ME 7|22 {48
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= XMt A4t Sl Hats
7= md 500 50
X=&gt 2E | 661.25 | 52.9

34

Adaptive Response Surface Method(ARSM)
Number of Evaluations: 50

Absolute Convergence: 0.001

Relative Convergence: 1.000

Input Variable Convergence: 0.001




3.5 £|&z2} 2 DYC ¥12|& A3 21t

. ZupEF OO LongSlipert
LongSlipright
. X7 nHYl - DYC Z1E2|& At 2 E
30 30
20 20
101 10
X X
£ 0 £ 0
= =
-10- -10
-20- -20
30 J J T T T -30- T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time Time
- OFZ HiFo| Fukek 0|N2{FO| BO| AT
- OFX[TF Z| ™3} 1 ME otF iR HZE HiF| Q| O|n2{d "FE7F YX|5HK| = %S

- RMS2: 301610.18 — 73571 87.66% &=
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3.5 #|®3} 2 DYC €1 2|E X|=3} A}

R £ e Yaw Rate
= Yaw Rate Error == Desired Yaw Rate

. A7 po

Yaw Rate
Yaw Rate

0.0 0.0

-0.1 T T T T T 0.1 T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time Time

o X|X3t2 O AP HAME] X7 =X
« 2 H Yaw Rate®} Yaw Rate7} A2 ZAgMdo| QI

« RMS2: 446.63 — 4.51 98.99% &=
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3.5 #|®3} 2 DYC €1 2|E X|=3} A}

» S|™ HHA x — y position
. X7l 24 - DYC 125 [Nz 22
o0 10 o position X *© oo %0 000, 30000 00?20500 000 000 1000 © positi X 0000 .
- Z|Hol 1 HEEC M| HHE0| O RO| +=EHe

1
e 3| HIE: 2512m — 13.56m 46.02% 44
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3.6 X|XM2} 3 45 E3 H|E & DYC &€112|F XXz}

-

MAHs | E3 ZH) HE, PI MO7] MO A= (k,, K;) | —
=H Yaw RateO Lot X} X A3} Liepe = Torque RatioxXTarwe = =7 7=
=H2T | rms2 = Z (yaw rateg,gireq — yaw rate)? Tine = (1 — Torque Ratio)XT sy, + 12X
L ght drive /2
2A H Lower Bound | Reference | Upper Bound
K, 20 500 50000
K, : 50 2500
E3 ZH| B & 0 0.5 1
= 2AEHEe 2 BRl= ZAZ 2 2 SSHA M7

J\ ALTAIR
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A H K, K, |E3 2H| H|=
71 2 &l 500 50 | 0.5000:0.5000
A&z 22 59270 | 49.27 | 0.1999:0.8001

J\ ALTAIR
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Adaptive Response Surface Method(ARSM)

Number of Evaluations: 50
Absolute Convergence: 0.001
Relative Convergence: 1.000

Input Variable Convergence: 0.001
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3.6 X|M3} 3 15 E3 H|E & DYC ¥12|E X|™s Za}

— YaWw Rate

= Yaw Rate Error

= Desired Yaw Rate

bt
12
fot
N
bt
12
fot
w

TR -

Yaw Rate

Yaw Rate
Yaw Rate

0.1 0.1
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M3|utzEo| 3% 7% H M
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« Under/Oversteer 293l Yaw Rate Error 2}

o|H A= M
x7| pgl x| ™3} 1 S RS el ) | X2t 3
LongSlip 301610.18 | 27614 (90.84% ZtA) | 73571 (87.66% ZEA) | 8980 (97.02% Z4)
Yaw Rate Error | 446.63 2.014 (99.5% Z L) 4.51 (98.99% &) 1.03 (99.77% &)
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= In-Wheel EVe| 1 EZ XN|O{7| A +=H

= Library Full Vehicle2 0| &3l In-Wheel EVO| & etSHA T4

= MBD sl|MZ O| &5l In-Wheel EV 42| 45 ol A

» AEFSge &S nol 24 =

= DYC 21E|F Ho7] 7o A 24

« I}, 2 HFE Y 0|ne{Ee| A= flot 748 E3 HIE £Hg}

= =H Yaw Rate &ZF 2 &5l Under/OversteerE Y

» 78 EJHE 2 DYC ¥12ES MBS0 O

= 7| B2 OhH| (z & € E3 Hi &)
LongSlip 97.02% &2~ (RMS2: 301610.18 — 8980)
Yaw Rate Error 99.77% &4 (RMS2: 446.63 — 1.03)
2| HtE 48.73% LA (25.12m — 12.88m)
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