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Vehicle Dynamics with Controller in MapleSim
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PID Controller

Longitudinal Vehicle Dynamics
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Nominal Simulation in MapleSim
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Design Specifications

- Specified space of design and ] Design Parameters S8 SR
. Mame Mominal | Toleran... Unit Comment
process parameters in the table T —r - G [GroundAngi
0.8975 0009 m Ground Distance
Applied Torque < 4.000 Nm |l pm e
° FI’Ont AXIe LOad < 14000 N m 2229 400 kg Vehicle Mass
° Rear Axle Load < 14000 N A 1 01 m*2 Cross-Section Area
Cd 0.3 0.003 Drag Coefficient
rho 1.2 0012
» Difference between target velocity ww 0 2
. . - Fz01 1500 15 [ Vertical Load
and forward velocity: minimal as =01 000120 . Longitutudian Force

possible n 2 0.2 kg'm”2 | Axle Inertia
rl 0.355 000355 |m Wheel Radius
epsl 01 0.01 Slip Ratio
Fz02 1500 15 M Vertial Load
Fa02 2000 20 M Lengitudian Force
12 2 0.2 kg*m®*2 |AxleInertia
r2 0.355 000355 |m Wheel Radius
eps2 01 0.0 Slip Ratic
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OptiY Process Work Flow for

MapleSim
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The total Space for Design and Process Parameters

= (= ==
Mame Mominal Tolerance Distribution Lnit Comment

Alpha 10 2 Mormal Distribution deg Ground Angle

h 08975 0.008 Mormal Distribution y Ground Distance

I 284 0.02 Mormal Distribution m Wheelbaze

a 1.353 0.01 Mormal Distribution 0y Axle Distance

m 2229 400 Mormal Distribution kg Vehicle Mass

A 1 01 Mormal Distribution m"2 Cross-Section Area
Cd 0.3 0.003 Maormal Distribution Drag Coefficient
rho 12 002 Mormal Distribution

v -10 2 Mormal Distribution

Fz01 1500 15 Mormal Distribution M Vertical Load

F1 2000 20 Mormal Distribution M Longitutudian Force
il 2 02 Mormal Distributicn kg*m"2 Axle Inertia

rl 0.355 0.0355 Mormal Distribution m Wheel Radius

epsl 0l 0.0 Mormal Distributicn Slip Ratio

Fz02 1500 15 Mormal Distribution M Vertial Load

Fx02 2000 20 Mormal Distributicn M Longitudian Force
12 2 0.2 Mormal Distribution kg*m"2 Axle Inertia

r2 0,355 0.0355 Mormal Distribution m Wheel Radius
epsd 01 0.m Mormal Distributicn Slip Ratio
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Design of Experiment in OptiY

Velocity [km/h] 1D Velocity Targue [N*m] 10 Torgue

an 4032003
Forward Velocity
166 302+ 003
19.7 201le+ D03
Applied Torque
B8BTS 101le=003 pp q

-156 [}

0 1 2 El 4 o 1 2 3 4

Time [5] Time [s]

FrontAxleLoad [N] 1D FrontAxleLoad Rearfxleload [N] 1D RearAxleload
1 26e= 004 151=+004
Front Axle Load 1 350004

112=-004

122+004

9752003

B I3Bes003 1052004
69722003 8530003 |
L] 1 2 3 4
Time [5] Time [3]
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Residual Plot of 1D Meta-Models

Sample

1D Velocity

[Max = 00928735 [ Mean = -1.33558E-015]

0.025
00167
0.0125
0.DDE35
0.00417

-0.0155

-0031

. Time [5]

Sample

1D FrontAxleload

[Max = 12 6703 f Mean = 4 37258E-012]
787

-127
Time [5]

1D Torque

[Max = 21.0578 / Mean = 5.15831E-013]
211

351

-284

Time [s]

1D RearAxleLoad

[Mzx = 104884 F Mean = -1 50514E-012]
' 105

2 -345
ia -46
I I
! -639

Time [s]
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Some Design and Process Uncertainties

Alpha rho Cd
123 201 B10
052 151 E0E
0615 101 405
0307 503 203
4] [i] 1]
BE1958 932 10 107 11421% 119173 12 12 12 120815 0_FSTeeT 0299 03 0301 030209
Mesn 999971 ShEwness QL01BE022 Mesn 130001 Shewness QuDD400253 Wean 03 Shewness -QUDBLET44
Sigma 0332674 Kurtosis 301434 Sigma OUD01%e206 | Kurtosis 300845 Sagma OUDD0G00352 | Kurtosis 300276
Warianoe 0110672 Warianoe 3596262006 Warianoe 2.50352e-007
L3N Fz0l Fxll
123 0165 0127
052 0124 i Li 19
0614 OLOB25 00634
0307 00412 00317
[i] i [i]
-114741 -107 -10 -226 -BE231% 1482 14%:2003 152+003 15les003.511EE8 15864°1 9922003 2e:003 201les003W01339
Mesn - 1000013 ShEwness -QUDD4 56612 Mean 1500 ShEwness QUDD42631 Wesn 2000001 ShEwness QUDD452553
Sigma 0333886 Kurtosis 255341 Sigma 250672 Kurtosis 25871 Sigmna 333761 Kurtosis 255242
Warianoz 011148 Warianoe 628365 Warianoz 111356
Fz02 Fx02 m
(AR 0123 00062
0l1¥3 QUOSZL CUDDEES
Qu0B1S 0uDE14 U031
041 0U0307 QU155
4] 3] 1]
1482561 5e+003 15e+002 15les003 15117 1586151 9224003 22003  201les003W014.56 1967762 11e+003 2262:003 24le+D03'55695
Mesn 1459 %8 ShEwness -QUD032T632 Mezn 1559 98 ShEwness QUDDBI4558 Wesn Z2ZBEL ShEwness QuDDET14
Sigma 250546 Kurtosis 301742 Sigma 333706 Kurtosis 298935 Sigmna 66609 Kurtosis 295276
Warianoe 629736 Wariance 111355 Wariance 443676
Pham www.optiy.eu
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Probabilistic Simulation

Velocity [km/h] 1D Velocity 1D Velocity
267 0855

Forward Velocity oeTL

196

0447

0224
532

0

131447 01 11 21 231185
173 Mean 710505 Shewness -00103458
o 1 2 E] 4 Sigma 046752 Kurtosis 300016
Time [s] Variance 0218575 Failure Probabifity | 0/0.08783
Torque [N*m] 1D Torque 1D Torque

4082+003 0.00287

0.0023
2.062+003

0.00154
2042+003

: 0.000368

Applied Torque

1022+003

0

313654 337=-003 3622003 3B32:003 406161
a Mezan 361808 Skewness 0.0103325
L 1] 2 3 4 Sigma 108732 Kurtosis 300005
Time [s] Variance 118222 Failure Probabifity | 0.00012/0.08783
Pham www.optiy.eu
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Probabilistic Simulation

10 RearfxleLoad
Rearfxleload [M] 1D RearfxleLoad
000103
151==004
0DDOTTE
136004
0UDDOS1T
122-004
0UDD025S
1052=004
Rear Axle Load 0
11701 5 1 262-004 134=:004 14324004 151031
8.92e:003 Mzzn 134507 Sk=wnesz QUDOTEST3
0 1 2 3 4 Sigma 356476 Kurtosis 300609
Time [s] Wariance 157133 [Failure Probability QUDB32T/0.0BTES
FrontAxleLoad [M] 1D FrontAxleLoad 1D FrontAxleload
Ldes004 QD152
Front Axle Load soome
173=+004
QUDDOTE
1052+004 “
DUDD038
87 Te:003
(1]
T17825% T79e:003 B3%::003 224003 S605.91
T03es003 Mean 831586 Sk=wness B33731=-005
0 1 2 3 4 Sigma 273145 Kurtosis 300827
Time [5] Variznce TA4E08 3 Failure Probabifty 0f00BTES
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Sensitivity Analysis

Percentage [3] 10 Velocity 1D Velocity
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Sensitivity Analysis

Percentage [3¢] 1D Torque 10 Tarque
998 Bigha m Gm%r
o 2066%
. N Alpha 1348%
Applied Torque i 2 ox
743 2 w
- 0%
i / G 0%
7/ the 0%
433 { = wo 0%
F0l 0%
rha Bl 0%
-~ 1 0%
25 h 0%
L epsl 0%
| Fx0L F02 0%
o T P02 D%
Iz 0%
0 1 2 3 4 9
Time [5]
ﬁl
Percentage [32] 1D FrontAxleload 10 FrontAxleLoad
596 &ighs m ﬁu%—
= Aipha 314%
1 031%
1 sl (1.2 5
74T = 1 016%
/ b 003%
m i 0%
A he 0%
= Front Axle Load = W 0%
F0l 0%
rha ROl 0%
e 1 0%
243 A 0%
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P01 F0Z D%
182012 n ::’2 g:
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Conclusion

Nominal design using classical nominal simulation cannot warranty the
reliability and quality of the products, because the nominal parameters are
only one fix value.

Robust design is a power-full tool for design of reliable and quality product in
the early design stage without any cost. It considers parameter uncertainties
as stochastic distributions.

In the case of the longitudinal vehicle dynamics, a failure probability of 8,78%
was shown for the manufacturing process

OptiY® is the leading software platform for robust design of all engineering
fields using different commercial CAD/CAE-software or in-house codes.
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