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The QSS-toolbox 2.0.1 (Mozilla Public License, v. 2.0.)
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Fig. 4.29 Plots My, (M,, ) for ideal braking. (a) typical plot for a rear drive car with
low ratio hg/l; (b) typical plot for a front drive saloon car with higher ratio hg/l; (c)
plot for a small front drive car, sensitive to the load conditions and with high value of
ratio hg /L.
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Fronl Torguefpressure cosl, - G50 N-mikiFa Front Terque as nonlinear lunclion of pressure
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Fsar fuid dyramics ranspart dely: o 5 Feear fluid dynamics transpo dolay: i %

AUNTALINTUN U UAZUA

o o
naulzegnellgusednianasd nstszenellgusafiniusnuL s I7eR

Co-funded by the
Erasmus+ Programme
of the European Union 31




msarasuusn CarSim ONITED

Overview of brake system for one wheel

Tire vertical load Tire longitudinal slip

Line i Delivery L Target wheel Wheel eylinder
pressure pressure cylinder pressure pressure
— | Proportioning |, Optional | Fluid dynamics
valve ABS control

time constant

The brake line pressure (transport delayed master cylinder pressure) is

meodified to provide a pressure in the brake actuator. A tabular function
relates the pressure to brake torque.

Brake Torque

uann1sviauaas CarSim wgusussuLisn
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ISO 2631 vibration comfort
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Bode Diagram
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2 DOF quarter car model response ONITED
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Damper characterization ONITED

Force — travel diagram Force-speed diagram

100 rpm *

ailill— —
x . E’ - —
25 rpm [
: —_ 2
(@)
LL
$ 0,13 0,62
—— _J T ~ Speed [m/s]
100 mm travel compression rebound

Co-funded by the
Erasmus+ Programme
of the European Union 44




Three tube — continuous damping control UNITED
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Suspension kinematics — Instant center ONITED
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fuazienarliifas nsdreleulnan AF;, ¢ Fundy nnsdieleu

waauuy "lunag"
AF, hr = F,tane
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Roll center height ONITED

Due to roll torque balance
Fy hRC - ﬂF;:,m‘ t

Therefore
AFE, . hpe If the lateral force acts on RC the tire forces pass
F, B through the IC. The suspensions do not deform.
And ‘ The load transfer is indicated as non rolling.
tane = hRE _ fﬁF.:a'Jm'
t/2 F,/2

Co-funded by the
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Roll center height ONITED

h Ll AR,

Iﬂ tegﬁré” E)Tl% |‘?{E$E}all Eg;fﬂgct};gﬂct;e CG that is not located The deformation of the suspension is just related

' F,h = (AF,, + AF ) t to the rolling contribution to the load transfer.
Therefore Afyr . W

(AE,, + AF; )  h We can then define a “anti-roll” factor as the
F, Tt ratio between the non rolling to the total load
And “ transfer
AF _Fh AR _Fh E, _F, — 2 AR, B/2tane  hge
Zr yE_ Znr yz—?tan&'—?(l— RC) T AFZ Fyh/f h
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Camber gain ONITED
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Trailing arm ONITED

PY P v
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1l dl 6o a ¥
e lufinlasunlacuANiLafAUNITAWN19UR9AD

* Body roll uilailunisasuulasipaaduly camber (lu
camber recovery)
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|
¥
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Trailing arm — construction ONITED
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Double whishbone ONITED
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Double whishbone IC migration ONITED
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Double whishbone — |C migration ONITED
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R R
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1=l | .
AR
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RS1 | RS,
: Wy Cond. di carico I CW2
Rl > Q,f+ RZ 1 Cond. di carico II
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0o \| Ry Ro
| | |
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RS1 e ’ —~&D CWy RSy Wz O RS 5
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Mc Pherson IC and RC ONITED
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Mc Pherson — steering angles

Brake outside bulk ,

N

=
/B

r

'

'

i
] K
’
! 2
L or [ng !uropean UHIEH

PWT outside bulk

/ Brake disc — |

Wheel disc — Uk -

CV joint

Rotation in 3
orthogonal N
directions.

Must be spherical
joint -
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Mc Pherson spring offset ONITED
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FUEL CONSUMPTION AND gCO,/km REDUCTION

C, reduction only in extra urban - A Segment Car

Fuel consumtion reduction [%]
~N
w

» Imploverients
of véhicle
acegssipility

Position

* Off road attitude driving

2015 - 2020 - from 130 to 95 gCo2/km -> -35 gC02/km (NEDC)
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Vehicle body /. * °

Air spring

: —
7%7 Wheel hub
Audi A6 Fiat Ducato Sa bl
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Magneti Marelli S.P.A., US 2015/0028552 A1, 2015

Vehicle body

(a)

g " . | E— Hydraulic Upper Plate Pipes~”] N
W L Movimentation AV rv Cylinders
)\ & Mercedes, US 5401053A, 1995 - CEppAe
valves

Helical spring

Accumulator \

jo. @

,-Damper

M 2 zs\lr
) | B2

/
Hydraulic
pump
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Tank / Wheel hub
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x5 3| B2k A3

Aiu 5,4
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Available Solutions on Market ONITED
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spring seat

_— "Vehicle body (b)

“Travel

Upper
spring seat

/%;“Whem hub

Vehicle body

______________ §econdary
@ spring

”%\'Wheel hub

Vehicle body
™

Helical spring

_—Damper

~ Lower
spring seat

;‘\
Nut

Screw

”;/:;};“Wheel hub

Veehicle body

Nut

Telescopic
tube

Wheel hub
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* N9LAREUNTDINUANTALATINIING
* Audi AG, US 2009/0146385A1, 2009
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* NISLARBUNUADIRTURNNAE

Leverages

* Audi AG, US 8317003B2, 2012

* Audi AG, EP 219912181, 2014
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e nsiARaUivRIialdAS
* Hyundai, US 8833775B2, 2014
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Nut ,_-Screw
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7 = w c B
> > T2 a0 [ SSE s s
= 5 2 3 S 4 8§85 O
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r.?: = Q g © o T 3 o s 0
Type = S O & < § us _':: T
Spring holder, * *
Mechanical Us no 8
Lower Plate, * *
Hydraulic Uus yes 7
Spring holder,
eccentric us * * no 7
actuation
Upper Plate, * *
Mechanical 3 no 6
Upper Plate, * *
Hydraulic 5 yes 7
S.A. Tube us * ** no 7
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UN

ITEM

TED

NO. PART NUMEBER QTy.
1 Spring holder 1
2 Motor support 1
3 Pulley bushing 1
4 Meedle bearing 1
5 small pulley+carrier 1
& Geartrain assembly 1
7 Maotor support cover 1
8 DC electric motar 1
9 Motor cover 1
10 Shock absorber tube 1
11 Power screw 1
12 Anti rotation system 2
13 Sealing ring 1
14 Timing HTD Belt 1
15 Large pulley 1
16 Combined bearing 1
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* Total added mass= 2.1 kg (sprung mass)
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ELECTROMAGNETIC
DAMPERS

LINEAR DAMPING ROTARY DAMPING

Rotary motor + Rotary motor +
conversion stage reduction stage

Linear
electromagnetic
dampers

Electromechanical
dampers

Magnetic gears

Piezoelectric

Electrohydrostatic
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Dampers mivian iz aa ONITED

Ebrahimi et al. iaussanunduaniiondaduiidanumnuiuaes Paulides et al. wuasmidaduiioldpnuglifuasilsznanfinszaras
NF3LAN (ilesann 80% sesnnavn damping WintudaeiEnnsuuy woniawnsaliuss RMS 7 1 kN uaz 2.5 kN 294U944940 UnTlAeINIg
passive lwansiian 20% Aaeduwuy active uiwdnlwiuuy was il 40-50 W iiasannnnsaaunauuy active.

active .

Extension Chamber

Stator Coil
Pressure Chamber

Reservoir

Permanent Magnet "

Stator Iron Core BMW 530 wheel hub Laser sensor Three phase slotted stator

Floating Piston
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Piezoelectric Harvesters ONITED

Hyundai an@nsiinsingduasdiuuine l98idnnsn

Xie and Wang aauusinlilduviainalaianynsnaeudnanng
ANMTURAFILUARLAAL N UAZLALULALINNAIAINNNT

A3 UUAZUALTNANUNALA LA INANIUANNNTLARDUNUBITAIIAN
posuilaunuauia 15x15x100 mm, ainsadanunsadunigs

RMS 738 W i3 1ISO D profile at 35 km/h.

dl dl a 1 Yy dl [ [ dl [~ dl
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F
/ I piezoelectric bar
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Battery  [~—%0 k’A d
\ h
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Electromechanical Dampers ONITED

Ball screw solutions

Ball screw Motor Kawamoto et al. rotating

screw solution for passenger

T7TA 777 cars.

Nut

® @ OQ%QF EE

T At L L L

T LJI

: T— = o= vehicles.
® We o ®

Figure 3. Shock absorber detailed section view. (1) Outer housing, (2) screw, (3) bottom cap, (4) inner housing,
(5) rotor, (6) permanent magnets, (7) ball bearings, (8) nut, (9) stator, (10) encoder, (11) top cap.

Tonoli et al. rotating nut
solution for off road
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Rack pinion solutions (Zuo et al.) Non-rectified solution 151189988 19.2 SRsLHaA2EIAING)

48 naL/an. Ut “nunlusmanendeiidewdnesiy (probably
between ISO B and ISO C).

CMARNTY v —-—

BRE®K

na/aa. Ui nuulunwanandansewdseugay (probably

Rectified solution lirdaaay 15.2 Sasiileadasninuisa 25 l
between ISO B and ISO C).
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Maravandi et al. ihauanalnaulangasaninanlaadady
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* Levant Power inausdnaiinsanuiunnniaziengnsnisdsyanunadaulutsunues
electrohydrostatic dampers.
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Rectified solutions

Fluctuation

Check valve

3 1 Fluctuation .
Fluctuation
AW LN —
Hydraulic p
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rectifier Hydraulic G
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Accumulator 2 motor enerator
4 2
A M
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Linear movement \I P4
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) \ L —0O
Hydraulic motor| . >{
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A = C Three-phase
Hydraulic electrical rectifier

rectifier

Piston
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Rectified solutions

Mount §

V' Seal & guide unit

Piston rod o
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Gas reservoir” | Container tube
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Mount
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Renato Galluzzi-, Yijun Xu, Nicola Amati, Andrea Tonoli
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Hyundai rotary damper unit.
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State of Art — Electromechanical Rotary -
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Rotary Dampers (Motor + Reduction Stage) UNITED
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Land Rover Range Rover (2016 model) “Dynamic Response” system. Rotary Electric Hydrostatic ARC system by
Delphi.
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ARC actuator
typologies

Energy demand

Working angle
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In place of
pendulum bars

-+

< hydraulic
systems

Left/Right total free
stroke function of
suspension
architecture

1 actuator -
2 actuators +

In the middle of
stabilizer bar

+
< hydraulic systems

Left/Right total free
stroke guaranteed.
+/- 50° angles

<+

In the middle of
stabilizer bar

++
possibility to
recover energy

Left/Right total free
stroke guaranteed.

<+

Linear Hydrostatic | Rotary Rotary Electro- Linear Electro-
Hydrostatic mech mech

In place of one
pendulum bar

+

Left/Right total free
stroke function of
suspension
architecture

1 actuator -

Non Linear

Electro-mech

In place of one
pendulum bar

-+

Left/Right total free
stroke function of
suspension
architecture.
System rigidly
attached to lower
frame -
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ARC actuator EELLE]S Rotary Rotary Linear Non Linear
typologies Hydrostatic Hydrostatic Electro-mech | Electro-mech | Electro-mech
- - + + +

Response

time
Unsprung - 8 3 S e
MERS
Maintenance _ . + + +
oil leakages, oil leakages,
cavitation cavitation
Design and ++ - + + -
Installation L
big diameter
Performance +4+ +4++ +++ + +
Fail safe + + - - -

characteristic g : N :
= passive bar = passive bar
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