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Suspension

Fig 2.2: A concept of noise and vibration reduction in terms of energy flow

Fig 2.3: An example of rear multi link suspension structure. The suspencion is connected
to body at multi points.
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from the point C (cyan)

34



goboggbogoboobboobboobboobboobooobooboboon
Oo00oobdbaabLbOobooooooboobobobobobobobobonbog
gboobooboogoooood

00003500000000000000000000000O 3.8(c)00O 39(c)00O
0000000000000 0000000000D0OOO0O00o00O (230000
0000000000000 ((23)000000000000000000000000O0O
O0035b) 0000000000000 0O0D0O0O0O0O0ODOOODOOOOOODOO0OO
39(¢c) 0000 (23) 000000000 DOOOO0DOODOOOODOOOOOOOOOOOO

googobodg2bgdbboobbooboboobboobboobbooboo
g2000000000000000

l.0bobooboobooboobobbobooboobooboobo

2. 00b0obobuoboooobobobobobobobuoboobobobobobo
gbobooboobooboobobbobooboob

gbbbuoooobbbooobbboooobbbuoobobn

034(h)000000000000000000000000000 200000000
0D00000000000000020H,000000000000000000000
00000000000000000000000000000000 3.100 250Hz0
000 ()000000(MO00000000()00000000000000000
0000000000000000000000001000700000000000
0000000000000000000000000000000000000000
000000700000000000000008000000

03.10(c)000000000000000 (3,5)00(3,11)000000000000
000000000000000000000000(25)00(2,11)000000000
N000000000000000000

0000000000000 (3,5 000000000000000000000 3.10(a)
00030050000000000000000000000000000000 3.10(b)

35



0000 35)0000000000000ODO000ODODOOOO00OODOODOODOOOO
(35)000000000DDO0OOO00000D0OoOoDoOOOO

000250000 (2,11)) 0000000000000 0O0UODODOOOO 3.10()00O
ooooobobobgo20000b0boboboobooboboboboobobo
gbooodgobooobooobboo2bb00obooobbooobboobboon
O000000002000000000 (25)00(21)0000000O0OD0O00OO0ODOO
O000000(25)00(2,11) 0000000000000 00O0DoOODOOOOOGg

gbogbobodboboobuoobbuodgboobuoobbooboobbuooboo
obooooboboobobooobboobobooobooobboobbooobobo
googbbodgbboobbooboobboobboobboobboooboon
gboobbodgboobobodgbobooboobboobooobuoobbooboon
gbogbobodgbooobuoobboobuoobboobbobuoobbooboon
gboobobuodboobobuoobboobuoobboobboobobbodoboon
gboogobuodbbooobooboboboobboobbooobuoobbooboon
gboboboooobbobuoooobbobodao

3.5 UoOooon

gbogboodgboobbuodobooobuoobboobbooboobbooboo
goodboogobodboogbogboobboboboobuooboobooboon
gboouogobooobooobboobbooobooobo20bboobboon
gbboboooobbboooobboboooobbobuoooobon

e OUODLDD2000DO0ODLDUOODL OLDDLOOODLDbOOOLDOObLDOO
gbbogobobbuoobboooobboobbuooobbbooobboo
gbboggbbbugobboooobbuoobbuooobbobooobboo
obobooboobooboobobboboobo

e OUUOUODLODLDUOUODLDLDDLOULOODLDLOOOLODLOUOODLDLOOOODLDODO

36



3.51€-3 : ‘ 2.0€-8 —
Il [nitial Hl [nitial
3.0 BB Optimized || 1.5 B Optimized ||
1.0t
¥ 2 05 S
< £
-0.5¢
o
24 25 211 35 3,8 3,11 3,16 5,11
Mode order Cross mode order
(a) Modal amplitude (b) Cross modal amplitude
glel ‘ ‘
71 Il [nitial |
5 B Optimized
2
E
o 4t
S
a 3 : : ' ' .
g l . |
£
1 |
O,r l L [ . h,
-1

24 25 211 35 38 311 3,16 5,11
Cross mode order

(¢) Cross modal input power
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Fig 4.1: The model to be used in this chapter. Nonlinear springs are added to the model
in chap.2.
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O 4.1: Optimization results at passing velocity v
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1e7 Input power from the point A
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Fig 4.6: Contributions to (a) input power and (b) work from the connection point A: the
linear case (blue solid), the maximized case (red dashed) and the minimized case (green
dotted).
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1e7 Input power from the point B
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Fig 4.7: Contributions to (a) input power and (b) work from the connection point B: the

linear case (blue solid), the maximized case (red dashed) and the minimized case (green
dotted).
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1e7 Input power from the point C
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Fig 4.8: Contributions to (a) input power and (b) work from the connection point C: the
linear case (blue solid), the maximized case (red dashed) and the minimized case (green

dotted).
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Fig 4.9: Optimized 3rd nonlinear restoring force coefficients of each springs in passing

velocities from 2000 mm/sec to 10000 mm/sec. (a) the maximized case. (b) the minimized

case.
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Fig 4.10: Maximum energy response at the different passing velocities. The linear case
(blue solid), the maximized case (red dashed) and the minimized case (green dotted).
Each optimized results is obtained at each passing velocity one by one.

61



gboboboooobbboooobbboooooobobooon

googbbogbbodgbbooobuooobuoooboobboobbooboo
gbobbuogobobbuooobbbuoooobbboooobbuoogbobobuooobbon
gboogbobuodgbooobuoobboobuoogboobboobobbooboon
gboogbogoboobboobboobbuodobboobooboboobboon
gooooobobbobbbbotbtdddddddiodooooooooooooon
gooobobobbbbobbobbbboootdddduodooooooooooooon
gooobbobbobobobbbobbbbobbododuouooooooooooooon
gbogbbodboobbodobbooboobboobooobuoobbooboon
gobobobbooooooobobbbtoooooob 4ioooobboobobboooooon
06000 mm/sec0 00 0000000000000 O0O0O0O0ODODOOOODODODODOOO
6000 mm/sec0 000000000 41000000000000C0CCOODOOOOO0O
gbobboboobooboobuooboobuoobobobo411b00oon

04110000000000 6000 mmm/sec0 0000000000 O0OOOOOODO
gbooggbbogbogoboobbuoobbuoobobogbboobboobobon
O00000000000000000000000000 700008000 mm/sect OO0
gbogbobuodboobobuoobobuboobbuoobboobuoobbooboon
00000000000 6000 mm/sec00000000000O0O0OOOODODOOOO
goooooboboobobbbotbotbotdddddddiodooooooooooooon
goo

4.6 UOOOOOO

gbooboodos3sugobooodbboobbbooobobodobbuoobboooboo
gbogbbodgboobbuodobbooboobboobooobuoobbooboon
gbodbooboobbobbotobodobuooboobbobboobooboon
gbooboooooboboooooboon

e 0OUO0ODLODLDULOODLDDODULOODLDLDOOUOOLODLDLOODLDLDOOOODLDOO
gbboodgbobodobbbuoobbboobbbuooobbboooobboo

62



1_01e4

— Linear
- - Maximized o;

o
[(e}
T
\
/]

EAN e Minimized «;

Max energy [mJ]
o o© o
D ~ o

o
4

05500 3000 4000 5000 6000 7000 8000 9000 10000
Passing velocity [mm/sec]

Fig 4.11: Maximum energy response at the different passing velocity. The linear case
(blue solid), the maximization case (red dashed) the minimized case (green dotted) with
the nonlinear coefficients listed table.4.1 obtained at the velocity 6000 mm /sec.

63



gboobodgboboboogbbbooobbooobobbooobbboobboo
gbbogobobobuogobboooobbuooobuooobbboooobboo
gbooboooboboboooobbbdad

gbobogobbboogobbuooobbooobbooobobbuooobboo
gbbogobbooobobbuoogbboodbbboobbbuooobboo
gbboggbuogdgbbbuooobbboobbbuooobbbooobboo
gboobogoobobuoobobuooobbbooobbuooobbboooboboo
gbbogoobobuogobbogbbboooobobuooobbbooobboo
gbobooooon

64



s UUuududnnn

5.1 UO0OOO

gbobog3dtboogooogobobuooobbooobboonobooobboo
gbobogobosgbbugoboboogbbooobbboogbbooobboon
gbogbobogbbuodobobbooboobbuoobboobuoobbooboon
gboobobuodgbooboboobboobuoobboobboboobbooboon
gbo3bbboogoobobboooooboboooobboboooonobobooooboon
gboogbobuodboboobogbooboobboobooobuoobbooboon
gboogbobodbooobuoobboobuoobbodoboobbooboooboon
gbogbobuodgbboobuoobbodboobbuoobbooboobboobon
googobodboboooboobbooboobbooboooboobooboon
gboogobuodgboboobogbbuoobobboobooobuoobbooboon
gbboboooobboooobbbuooobobboood

5.2 0O0OOO

O31bdboboobobobooboboboobobobooboboboboob
goboodbboooob400bbooobbuoobbuoobbuoogbobooobboon
gbogbobuodbooobuoobboobuoobboobboobobbooboon
gbooboboogon

ooobos3goooboboboooboboboobobobooboboboob
gboboboooobobboogoboboboooobbbuoobobobooooboo

godoooouooobbobobobbibooobsi1boobbbbobbibodboooogo
oboobboboboboobboboobooboboobobono KLOKUOKTOOOO

65



Body side connection points

:: Connected with bush

) Ri

”

gidly connected

Knuckle

KB
& a0
9. N

[ i i
-~
,n-....)@b s
3 ,
Y

S

Forced displacement

Fig 5.1: Schematic of model considering left hand side rear multi-link suspension
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Fig 5.3: Sensitivities with respect to the suspension connection points. The case of NOT
taking into account the arm mass derivatives (blue), and the case of taking into account
the arm mass derivatives (red)
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