Mozer Andras: Jarmii felfiiggesztésének vizsgdlata palyakdvetd koridd szimuldcio segitségével Mellékletek

Mellékletek

A kovetkezOkben a korabbi pontokbol kimaradt eredményeket, paramétereket mutatom be.

1.Melléklet. A merev elsé felfliggesztés kimaradt adatai. A vizsgalt jellemz6 (Y) a fejlécben

olvashatd, a kerék fiiggéleges irany elmozdulasa (X1), a kormany6sszekoto elmozdulasa (X2)
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2.Melléklet: A merev hatso felfiggesztés kimaradt adatai A vizsgalt jellemz6 (Y) a fejlécben

olvashato, a kerék fliggdleges iranyu elmozdulésa (X1), a kormany6sszekotd elmozdulasa (X2)
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3.Melléklet. A rugozott elsd felfiiggesztés kimaradt adatai A vizsgalt jellemz6 (Y) a fejlécben

olvashato, a kerék fliggbleges iranyu elmozdulédsa (X1), a kormany6sszektd elmozdulasa (X2)
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Toe angle under Fx load v
|Toe angle under Fy load hd
BR 6L
B% 8L b
[degree]

25 x107
15
20 ]
15 1.0
1.0 ]
0.5
05 ]
0.0 ]
0.0
-05 ]
1.0 05
15 ]
1.0
20 ]
3 i
x10
25 T T T 1 1 x10°
-1.0 -0.5 0.0 0.5 1.0 15 T T T |
X: Fx load [M] 1.0 0.5 0.0 0.5 1.0

¥: Fy load [M]
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|Camber angle under Fy load hd |Y displacement under Fy load e
BR AL L ¢ + b BRLL L § + 4w
[degree] | — Camber angle (Z = 0m) ml | — v displacement (Z = 0 m)
x10° 10
50 200 —
40 4
30+
] 100 —
20 +
10 —
0 0
=10 — i
20 -
1 -100 —|
30 -
_ap |
| ' xi0’
-50 T T T e -200 T T T 1
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 05 1.0
X: Fy load [N] X: Fy load [N]
‘Tue angle under Mz load ~ ‘X displacement under Fx load w
BRALL ¢+t +H b BRB/LL ¢+ + 4w
[degree] | — Toe angle (Z =0m) [degree] | — ¥ displacement (Z =0 m)
x107 x107%
2 15 —
] 1.0 +
14 ]
0.5 +
0.0
0 4
1 -0.5
4 1
04
1 x10?
-1.5 T T T 1
2 T T T T T T T T T 1 1.0 -0.5 0.0 0.5 10
-250  -200  -150 100 -50 0 50 100 150 200 250 X: Fx load [N]
¥: Mz load [Mm]

5.Melléklet. A merev felfliggesztés kimaradt adatai palyakdvetésnél

N] ‘— Port 2 {input) : X External force : Tire force - Ground Frame - Fiire JR0 ( Zero on 2w axis with 3 pneumatic model ) (1) [N] |
xi0?
3
2
14
0
4
2
3 T T T T T 1
10 20 30 40 50 60
X: Time [s]
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[N | — Port 2 (input) ; Y External force : Tire force - Ground Frame -Fiire|R0 { Zero on 2w axis with a pneumatic model ) (2) IN]
)
x10
Py
3
24
1
|
0
=
2 T T T T T 1
0 20 30 0 s0 0
x: Tme [5]

6.Melléklet. A rugdzott (semleges) felfliggesztés kimaradt adatai palyakdvetésnél

(N1 | — Port 2 {rput) Extemsl foce £ Tre force - Ground Frame - Fire|R0 (2o o Zw asis with 3 prieumaticmacil) (1) [

x10°
25

T
10 20 30 40 50
X: Tme [s]

[N | —Port 2 put) :¥ External force : Tire force - Ground Frame - Ftre|R0 (Zero on Zw axis with a pneumatic model ) (2) [N]

x10°
20

&

X:Time [s]
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7.Melléklet. Bemeneti paraméterek, és dsszefliggések

Merev

Name
Grav
Xa
Zg
Vo
Msprung
Msteer
Mcar
Msp_front
Mwh_front
Msp_rear
Mwh_rear
Isprung_xx
Isprung_yy
Isprung_zz
Isprung_xy
Isprung_xz
Isprung_yz
Zref_front
Zref_rear
Zref_cine_front
Zref_cne_rear
wheelbase
track_front
track_rear
Rpinion
Fzref_front
Fzref_rear
Ksusp_front
Ksusp_rear
Rsusp_front
Rsusp_rear
Kantiroll_front
Kantiroll_rear
Rfree
Rroll
Ktire
Rtire
al
a2
a3
a4

Title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title

title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title
title

Value
9.80665
500
130
L
300
2
Msprung-Msteer

Zg-100
Zg-100
Zref_front
Zref_rear

1080

1000

850

g
floor(Msprung™G...
floor(Msprung*G...
21000

21000

2000

1500

30000

20000

0.127

0.125

200000

100

-50

1200

1000

Unit
mys/s

EEEZEEEELT3

kgm**2
kgm**2
kgm**2
kgm**2
kgm**2
kgm**2
mm

mm

mm

mm

mm

mm

mm

mm

M

N

Nfm
Mfm
Nf(m/s)
Nf(m/s)
MNm/rad
MNm/rad
m

m

Mfm
Nf{m/s)
null

null

null

null

Tags

Minimum

Default

Maximum

Type
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
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Name

v [0 Axle geometry

v [0 Hard Point location (Chassis Frame)

Help

QA_x
OA_y
QA_z
OB_x
CB_y
OB_z
QC_x
OC_y
QC_z
QD_x
QD_y
QD_z
OE1_x
OE1_y
OF1_z
OE2_x
OE2_y
OE2_z
OM_x
OM_y
OM_z
ON_x
OM_y
OMN_z
OK_x
OK_y
OK_z
oW _x
oW_y
oW_z
v [0 static toe, camber and self-rotating angle
AW_x
AW_y
AW_z
AW _norm
j2 x
2y
j2_z
BA_x
BA_y

Title

QA_x
OA_y
OA_z
OB_x
OB_y
OB_z
QC_x
OC_y
QC_z
QD_x
QD_y
QD_z
OE1_x
OE1_y
OF1_z
OE2_x
OE2_y
OE2_z
OM_x
OM_y
OM_z
ON_x
OM_y
OMN_z
OK_x
OK_y
OK_z
oW _x
oW_y
oW_z

AW_x
AW _y
AW _z

AW _norm
j2_x

2y

j2_z
BA_x
BA_y

Value

1,290,002
0.76

0.25
1.2940,0175
0.76-0.002
0A_z-0.125
1.25968
0.569

0.2775
1.2940.015
0.625+0,0092
-0.35657+0.05
1.2933
0.40013
-0.357
1.00395
0.374477
0.35193
1.13858

0.66

-0.2725
111294
0.045

0.282
1.29-0.016
0.625-0,0092
-0.14071-0.05
1.28+0.0061
0A_y+0.125
-0.2540.002

OW_x-OA_x
OW_y-OA_y
OW_z-0A_z
sqri{AW_xTawW...
AW _x/AW_norm
AW _y /AW _norm
AW_z/AW_norm
QA_x-0B_x
OA_y-0B_y

Unit

9 3 333 3333333333333 833331313133131313 13

89 3333313 3 3

Tags

Minimum

Default

Cancel

Ma

Apply
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Name

BA_z
BA_norm
k2_x
k2_y
k2 z
i2_x
i2_y
i2_z
Epsilond
Deltad
Etal

+ [ Antiroll bar related (not considered in this dema)

0Q_x
OQ_y
0Q_z
OF _x
OP_y
OP_z
OPsym_x
OPsym_y
OPsym_z
OR_x
OR_y
OR_z

¥ [ Powertrain related (not considered in this dema)

OT1 x
OT1z
OTiy
OT2_x
OT2 y
aT2 =z
[ spindle
[0 wheel and Tire
DBE_x
DBE_y
DB_z
DW_x
DW_y
DW_z
[T Lower control arm

[0 Rack and tie rod

i2_x

i2_y

i2_z

Static camber an...
Static toe angle
Static self-rotati...

0Q_x
OQ_y
0Q_z
OF _x
OP_y
OP_z
OPsym_x
OPsym_y
OPsym_z
OR_x
OR_y
OR_z

OT1 x
OT1z
OTiy
OT2_x
OT2 y
aT2 =z

DBE_x
DBE_y
DB_z
DW_x
DW_y
DW_z

Value
OA_z-0B_z
sqri(BA_xBA ...
BA_x/BA_norm
BA_y/BA_norm
BA_z/BA_norm
J2_y*k2_z42_z*.
J2_z%k2_x+2_x*...
32 x%k2_y42_y..
asin{j2_z)*180/P1
atan2(-2_x/jcos...

asin{-2_zfcos(E...

oo o o o o
g 3 3 3 3 3

OP_x
-OP_y
QP_z
1.28318
0.75226

-0.25

(=T = =T = R = T = ]
3 3 3 3 3 3

QB_x-0D_x
OB_y-0D_y
QB_z-0D_z
OW_x-0D_x
OW_y-0D_y
OW_z-0D_z

degree
degree

degree

null
null
null

3 333 3 3

Tags

Minimum

Default

Ma

87



Mozer Andras: Jarmii felfiiggesztésének vizsgdlata pdlyakéovetd koridd szimuldcio segitségével

Mellékletek

Name
BA_z
BA_norm
k2_x
k2_y
k2_z
i2_x
i2_y
i2_z
Epsilond
Deltad
Etad

w [ anti-roll bar related (not considered in this dema)

0Q_x
OQ_y
og z
OP_x
OP_y
QP_z
OPsym_x
OPsym_y
OPsym_z
OR_x
OR_y
OR_z

v [ Powertrain related (not considered in this dema)

OT1 x
Tl z
OTiy
OT2_x
OT2 y
aT2 =z
» [ spindle
DA_x
DA_y
DA_z
DK_x
Dk _y
DK_z
DM_x
DM_y
DM_z
DR_x

Halm

Title

BA_z

BA_narm

k2_x

k2_y

k2_z

i2_x

i2_y

i2_z

Static camber an...
Static toe angle
Static selfrotati...

0Q_x
OQ_y
og z
OP_x
OP_y
QP_z
OPsym_x
OPsym_y
OPsym_z
OR_x
OR_y
OR_z

OT1 x
Tl z
OTiy
OT2_x
OT2 y
aT2 =z

DA _x
DA_y
DA_z
DK_x
DK _y
DK_z
DM_x
DM_y
DM_z
DR_x

Value
QA_z-0B_z
sqri(BA_x™BA_x...
BA_x/BA_norm
BA_y/BA_norm
BA_z/BA_norm
J2_y*k2_z42_z%..
32 72 %2 _x*...
32 x*k2_y§2_y...
asin(j2_z)*180/P1
atan2(-2_x/cos...
asin(-2_z/cos(E...

(=T = = = T =]
g 3 3 3 3 3

=]

OP_x
-OP_y
QP_z
1.28318
0.78226
-0.25

oo o o o o
3 3 3 3 3 3

OA_x-0D_x
OA_y-0OD_y
0A_z-0D_z
OK_x-0D_x
QK_y-0D_y
OK_z-0D_z
OM_x-0D_x
OM_y-0D_y
OM_z-0D_z
OR_x-0D_x

degree
degree
degree

null
null
null

9 3 33333 3 3 3

Tags

Minimum

a3

Default

ameal

Ma

Arrhs
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Mame Title Value Unit Tags Mirimum Default Ma ™
DR_y DR_y OR_y-OD_y m
DR_z DR_z OR_z-0D_z m
» [ wheel and Tire
DE_x DB_x OB_x-0D_x m
DB_y DB_y QB_y-OD_y m
DB_z DB_z OB_z0D_z m
DWW _x DW_x OW_x-00_x m
DW_y DW_y OW_y-CD_y m
DW_z DW_z OW_z-0D_z m

» [ Lower control arm

DE1_x DE1_x OE1 x-0D_x m
DE1_y DE1_y QE1_y-0D_y m
DE1 z DE1_z QE1 z0D z m
DE2_x DE2_x OE2 x-0D_x m
DEZ_y DE2_y OE2 y-OD_y m
DE2_z DE2_z DE2 z-0D_z m
EZE1 x E1E2 x OE1 x-0E2 x m
E2E1 y E1E2 y QE1_y-0E2 y m
E2E1 z E1E2 z OE1 z0E2z m

» [ Rackand tie rod
MM _x MM _x ON_x-OM_x m
MN_y MMN_y ON_y-OM_y m
MN_z MN_z ON_z-OM_z m

» [ Damper rod
KIC_x KC_x OC_x-0K_x m
KC_y KC_y OC_y-OK_y m
KC_z KC_z QOC_z-0K_z m
KR _x KR_x OR_x-OK_x m
KR_y KR._y OR_y-OK_y m
KR_z KR._z OR_z-OK_z m
norm_KC norm_KC sqri(KC_x™KC_x... m
azim_DampRod azim_DampRod atan2(KC_y,KC_... degree
polar_DampRod polar_DampRod -1%asin(KC_z/no... degree

w [ Anti-roll bar (not considered in this dema)
RO _x RO _x 00 x-0OR_x m
RQ_y RQ_y 0Q_y-OR_y m
RQ_z RQ_=z 0Q z-OR_z m
QP _x QP _x OP_x-0Q_x null
QP_y QP_y OP_y-0Q_y null
QP_z QP_z OP_z-0Q_z null
QPsym_x QPsym_x OPsym_x-0Q_x null

~
¢ Ar— A AP e e R
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QPsym_y QPsym_y OPsym_y-0Q_y null
QPsym_z QPsym_z OPsym_z-0Q_z null
» [ Spring stiffness and Damper rating
spring_rate spring_rate 10000 M/fm
damper_rating damper_rating 200 Njmfs
+ [0 Bushing and "constraints™ (for kinematic test)
ka_E1 ka_E1 10000000000 Nfm
kr_E1 kr_E1 10000000000 Njm
ka_E2 ka_E2 10000000000 Njm
kr_E2 kr_E2 10000000000 Njm
ka_C ka_C 10000000000 Nfm
kr_C kr_C 10000000000 Nfm
» [J simulation parameter
* [0 Imposed wheel travel, rack displacement
PIDsKp PIDs - proportio... 1000000 null
PID=K] PID= - integral g... 100000 null
PIDsKd PIDs - derivative... 100000 null
+ [0 KnCInputs
flag_knc flag for KnC dat... 0 null
Z wheel vertical di... 0m
¥n steering rack dis... om
Zopp opposite wheel ... 0m
Fx imposed force at... 0N
Fy imposed force at... 0N
Mz imposed torque ... 0 Nm
MName Xmodel Ymodel Zmodel X ¥ z Description Label
A 1.288 0.76 -0.25 1.288 0.76 -0.25 wheel centre
B 1.3075 0.758 -0.375 13075 0.758 OA_z-0.125 |contact patch
D 1.305 D.6342 -2.30657 1.305 6342 30657 spindle lower ball joint
M 1.13858 0.66 -0.2725 1.13858 0.66 -0,2725 tie rod outer ball joint
N 1.112%94 0.045 -0.282 1.11234 0.045 -0.282 tie rod inner ball joint
K 1.274 0.6158 -0.19071 1.274 .6158 - 19071 lower strut
W 1.2861 0.885 -0.248 12861 OA_y+0,125 +1.248 camber adjust (on wheel rotation axis)
K&.C Data Generator [knc_data_generator] - o * ]
Fle  Help
<
[@step s valid |
Suspension template
Filename C:/AMETest/probajknC_probajmereyfmerev_template.xml @

Suspension type  MacPherson

Coordnates unit | meters [m] |

Expression frame (@) Mechaics (X axis frontward, ¥ axis leftward) () Trade (X axis rearward, ¥ axis rightward)

Hardpoints ~ Bushings  Parts

Name | Xmodel ‘fmodel Zmodel X ¥ z Description Label
A 1.288 0.76 -0.25 1288 0.7 0.25  whesl centre
B 1.3075 0.758 -0.375 1.3075 0.758 OA_z-0.125 |contact patch
o 1.305 0.6342 | -0.30657 1.305 0.6342 -0.30657 | spindle lower bal joint
M 1.13858 0.66 -0.2725 113858 0.66 -0.2725 tie rad outer bal joint
N 1.11294 0.045 -0.282 1.11294 0.045 -0.282 tie rod inner ball joint
K 1.274 0.6158 | -0.19071 1274 0.6158 019071 lower strut
w 1.2861 0.885 -0.248 12861 | OA_y+40.125 0.248 | camber adjust (on wheel rotation axis)

Show modsl parameters
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Rugozott

‘osheptsvaid |

Suspension template

- e - — &

Suspension type  Double Wishbane

Coordinates unit | meters m] ~]

Expression frame () Mechanics (X axis frontward, Y axis leftward) () Trade (X axis rearward, Y axis rightward)

Hardpoints  Bushings  Parts

Name | Xmodel Ymode! Zmodel X ¥ z Desaiption Label
A 1288 0.76 -0.25 1,288 0.76 -0.25 |wheel centre
3 13075 0.762 -0.375 13075 0.762 | OA_z-0.125 |contact patch
K 1274 0.6158 -0.1907 1274 0.6158 0.1%07 | upper wishbone ball joint
c1 1424 04 017 OK_x+0,15 0.4 017 |upper wishbane bushing - front
c2 1124 0.4 -0.17 OK_x-0.15 0.4 -0.17  |upper wishbone bushing - rear
o 1305 0.6342 -0.30657 1.305 0.6342 0.30657 | lower wishbone bal joint
E1 1455 04 -0354 | OD_x+0.15 0.4 0.354 |lower wishbone bushing - front
E2 1155 0.4 -0.354 0D_x-0.15 0.4 0.354 |lower wishbone bushing - rear
M 113858 0.66 -0.25 113858 0.66 -0.25 |terod outer ball joint
N 111294 0.045 -0.25 1.11284 0.045 -0.25 |tierod inner bal joint
R1 1305 0.5364 -0.34614 oD_x 0.5364 0.34614 |lower strut bal joint
Rr2 1305 0.51 -0.16994 oD_x 0.51 0.16994 | upper strut bushing
w 1.2861 0.885 -0.248 12867 | OA_y+0.125 |  0.245 | camber adjust (on wheel rotation axis)

Show mode! parameters

8.Melléklet. A rugalmas (semleges) elsé felfiiggesztés kimaradt adatai A vizsgalt jellemz6 (Y) a
fejlécben olvashatd, a kerék fiiggdleges iranyt elmozduldsa (X1), a korméanydsszekotd

elmozdulasa (X2)

|LE-'I'CarnbefangIe v

RLLL t +H b

‘ LEFT Toe angle v |

RHBEL + +H b
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‘LETSphangle v |LE=T heelbase variation >

RR/LL t + # b RR/LL t +H &

| LEFT Halftrack variation hd

|LEFT Damper length v

RWHELL + +H b RR/LAL + +H b

[m]
0.26
024
0.22
0.20

Y0.18
0.16
0.14
0.12
210
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|RIGHT Camber angle

RRBLL t + # b

[RiGHT variation

RBLL ¢t + H b

[RiGHT Spin andle

RLLL t + H# b

‘ RIGHT Toe angle

W | AR rafacvaraton

RBLL ¢t + 4 b
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Geometric plots

Toe angle - usual sign convention ~|

_ Toeangle>0

RIGHT Damper ler
R 8L,

026 Geometric plots

[degree]

0.22 Camber angle - usual sign convention

Camberangle>0 Camberangle>0

n

[degree]

HRLBL L+ + b

‘ = Toe angle - usual sign convention ‘

7

T T T
-0.10 -0.05 0.00 0.05 0.10
%: rebound <— wheel vertical displacement —> jounce [m]

[m]
0.08 —

BRBLHLH+H o

| — Camber angle - usual sign convention |

4 -

T T T
-0.10 -0.05 0.00 0.05 0.10
%: rebound < whee! vertical displacement — jounce [m]
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Geometric plots BRL8LL + +H b
[Kingpin offset at ground ~] — Kingpin offset at ground
[m]
z 0144
A Kingpinangle>0
Kingpin 0.142
0.140
> 0138
I E 0136 |
0.134
Y
Gffset atground >0 0132 |
0.130 |
0.128 4
Ge 0126 T T T 1
-0.10 -0.05 000 0.05 010
[¢ X: rebound <~ wheel vertical displacement —> jounce [m]
z 4
A\ Kingpinangle>0 ]
Kingpin 5
2
.-E 4
0
v ]
e 4
Offsetat ground >0 ]
24
54
4 T T T 1
-0.10 -0.05 0.00 0.05 010
X: rebound < wheel vertical displacement — jounce (]
Geometric plots BR A LL ¢+ H b
[Kingpin offset at whed! center ~] - — Kingpin offset at whesl center
m
7 0.1352
A Kingpinangle>0 4
Kingpin 04351 |
0.1350
& 01349
3 0.1348 |
01347 -
Y 4
——
Offset at ground >0 0.1346
0.1345 |
0.1344 —
0.1383 T T T |
-0.10 -0.05 0.00 0.05 0.10

%: rebound <~ whee! vertical displacement —> jounce [m]
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Geometric plots BRELHL t+ + b

[m]
7 A 0.016

Casterangle>0

Caster

—
Offestat ground >0 ]

T T T
-0.10 -0.05 0.00 0.05 010
X: rebound <- wheel vertical displacement —> jounce [m]
e : ; 104

e
Offsetat ground >0

T T T
-0.10 -0.05 0.00 0.05 0.10
%: rebound <—whee! vertical displacement —> jounce [m]
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Geometric plots % VE )a @ 4@' * + H ¢D

[m]
z A 0.016 —

Caster angle >0

Caster ! / 0014 4

front

Offsetat ground >0 1

0.002 4

T T T
-0.10 -0.05 0.00 0.05 0.10
X: rebound < wheel vertical displacement —-> jounce [m]

Geometric plots BRA8LLE ¢+ +H &

[m]
1.70 5

Virtual Swing-Arm Length

1.65

1.55

Roll Center

1.45

1.35

T T T
-0.10 -0.05 0.00 0.05 0.10
i rebound < wheel vertical displacement —> jounce [r]

97



Mozer Andras: Jarmii felfiiggesztésének vizsgdlata pdlyakéovetd koridd szimuldcio segitségével

Mellékletek

Geometric plots

Roll center height ~]

[m]
0.4

Virtual Sning-Arm Length 1

0.3

0.2 -

0.1

0.0 —

0.4 -

02 -

B e L

LI SO L

-0.3

Toe angle under Fx load ~
BWREL L t + 4

x10?

[
tn
|

2.0

0.5
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Mozer Andras: Jarmii felfiiggesztésének vizsgdlata pdlyakéovetd koridd szimuldcio segitségével Mellékletek
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