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Quarter car rig for software function development of fully active suspension and continuously
controlled dampers

SUYASH YASHWANT WAGH

Department of Mechanics and Maritime Sciences

Chalmers University of Technology

Abstract

Electric vehicles require a delicate balancing act by manufacturers. When engineers try to increase
the ride comfort, ease of handling can be hurt and vice versa. Engineers in the automotive industry
use computer-aided simulation extensively to find the right balance between comfort and handling.
However, applying that requires training and extensive knowledge to get the best performance and
results. Nowadays, fully active suspension (FAS) is a solution which can improve balance between
ride comfort and handling. Currently, there’s lot of competition going on in an automotive market,
especially because of electric vehicles. Checking the e [edt of FAS in the early development phase
of the car will be helpful to achieve the right balance between ride comfort and handling.

Early in the vehicle development projects, real vehicle prototypes are missing or lacking correct
suspension geometry and/or FAS and CCD actuators. Virtual prototypes (simulation models) are
also not available. Like the quarter car model, a test rig that takes approximately 1/4 of the
sprung mass and unsprung mass where di [erent suspension geometries can be used. Such test rig
will be a good initial approach to understand the behavior of the vehicle. Therefore, this thesis
involves the work to design a modular test rig for a quarter car that can be used on one poster
in an existing 4-poster rig. The motion of the poster will be such that it will consider only the
vertical dynamics of a car.

In the first step, a conceptual model of a rig has been designed by combining a tire, a suspension
geometry, Linear Motion Guide (LM Guide), and all the necessary required components to fix the
testrig to the ground. After performing analysis on Tire Testrig in Adams Car and considering the
complexity, it has been decided to keep a tire stationary instead of rolling. Considering the motion
dynamics, caged type LM guide has been chosen which can take optimum forces in radial direction
and has a better rolling resistance than other models. Then, a CAD geometry of a test rig has been
developed using Catia-Teamcenter Integration tool with the aim to build a rig that can be used
for various suspension geometries. The modularity of a testrig is required as various platforms
have dilerent mounting points, characteristics of a wheel, etc. While performing diLerent load
cases and test run the testrig, various instrumentation as well as production sensors will be used
to measure the diLerknt signals coming out from the test run.

The test rig which involves FAS and CCD can be validated either on a simulation level or by
comparing with passive components on a 4-poster test rig. A simulation model which can exactly
emulate the behavior or the functions of the physical quarter car testirg has been developed with
the help of Adams software. Results from the simulation model accurately represents the real-
world phenomenon.

There are many benefits of having a Quarter Car Testrig. Some of them involves tuning the
controller of an active damper, to iterate springs with dilerknt stilndss values to achieve the
required targets. Additionally, we can fix the inhouse built software package on the testrig to
validate the system. In such a way we can have more mature products during development phase
through various iterations, and testing. This might help us becoming more decisive in a way and
reduce little bit of time required considering the overall planning.
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List of Acronyms

Below is the list of acronyms that have been used throughout this thesis listed in alphabetical
order:

CCD Continuously Controlled Damper
FAS Fully Active Suspension
FF Front Front

FLF Front Lower Front
FLR Front Lower Rear

FR Front Rear

FUF Front Upper Front
FUR Front Upper Rear

LM Linear Motion

MPU Motor-pump Unit

RF Rear Front

RL Rear Lower

RLF Rear Lower Front
RLR Rear Lower Rear

RR Rear Rear

RU Rear Upper

RUF Rear Upper Front
RUR Rear Upper Rear

SLA Short Long Arms
VCC Volvo Car Corporation
DoF Degree of Freedom
mm Millimeter

Xi






IZZ

MT otal
XU nsprung

MUnsprung
MMax

Nomenclature

Sprung Mass
Unsprung Mass
Spring Sti [ndss

Tire Sti[ndss

Sprung mass travel
Unsprung mass travel
Road travel

Vertical wheel force

Moment of inertia around the x axis as the object rotates around
the x axis

Moment of inertia around the y axis as the object rotates around
the y axis

Moment of inertia around the z axis as the object rotates around
the z axis

Total Corner mass of a car including unsprung mass
Unsprung mass for an axle

Unsprung mass for a corner

Max sprung mass per corner
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Introduction

1.1 Background

Electric vehicles require a delicate balancing act by manufacturers. When engineers try to increase
the ride comfort, ease of handling can be hurt and vice versa. Engineers in the automotive industry
use computer-aided simulation extensively to nd the right balance between comfort and handling.
However, applying that requires training and extensive knowledge to get the best performance and
results. Even with simulation tools, engineers still need to build a strategy that de nes metrics
and provides a comprehensive insight into performance. Nowadays, fully active suspension (FAS)
is a solution which can improve balance between ride comfort and handling. FAS can add and
dissipate energy in the suspension, pushing or pulling independently of deformation direction. The
FAS system will adapt to the road conditions and the driver input with the aim to minimize the
movement of the vehicle body which can eliminate motion sickness.

Checking the e ect of FAS in the early development phase of the car will be helpful to achieve
the right balance between ride comfort and handling. Similar to the quarter car model, a test rig
that takes approximately 1/4 of the sprung mass and unsprung mass where di erent suspension
geometries can be used. Such test rig will be a good initial approach to understand the behaviour
of the vehicle. The test rig cannot model the whole dynamic behavior of the vehicle. However,
it is envisioned to be su cient for benchmarking and describing the fundamental con ict in the
suspension system, i.e., the con ict between ride comfort and road holding.

Figure 1.1: Active quarter car suspension model

1.2 Problem Statement

The overall problem which motivates this work is that, early in the vehicle development projects,
real vehicle prototypes are missing or lacking correct suspension geometry and/or FAS and CCD
actuators.

Virtual prototypes (simulation models) are also not available, because suppliers or FAS and CCD
cannot deliver accurate enough virtual samples (submodels).



1. Introduction

The envisioned solution for present thesis work is therefore a test rig. Because parts from di erent
suppliers will be compiled, it is motivated that the vehicle manufacturer, as opposed to any of the
suppliers, develops and uses such rig.

1.3 Objective

This thesis involves the work to design a modular test rig for a quarter car that can be used on one
poster in an existing 4-poster rig. The purpose of the rig is to do software (SW) function devel-
opment of the FAS system and continuously controlled dampers (CCD). The aim is to build a rig
that can be used for various suspension geometries, such as short-long-arm (SLA) and MacPher-
son. It is also to propose a metric to rate isolation between wheel input and body movement by
implying various load cases on the wheel in a test rig along with the sensors to fetch data to be
able the perform analysis. The motion of the poster will be such that it will consider only the
vertical dynamics of a car. The test rig which involves FAS and CCD can be validated either
on a simulation level or by comparing with passive components on a 4-poster test rig. Di erent
methods to capture the responses of the sprung quarter body will be explored and tested.

Figure 1.2: Conceptual drawing of the quarter car test rig

1.4 Deliverables

The main deliverables of the thesis are as given below:
Design of rig (geometry models)
Simulation model of rig
Stretched target: Built and test run rig

1.5 Limitations

No Anti-RollBar to be considered in the rig

Rig to t with independent suspension

No subframe , E-motor, etc

The rig will not emulate the e ect from lateral and longitudinal tyre forces (only vertical)
Zero steering rack position

No solutions of how to connect the active suspension actuators electronically
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1.6 Methodology

1. Literature study about the development of fully active suspension and semi-active dampers in
the overall suspension development and understanding their e ect on comfort and handling
considering overall vehicle development.

Especially, the usage of the rig should be positioned side-by-side with the novel hard-
point and bushing development methods which is under development in the project

https://research.chalmers.se/en/project/9987

Gather an understanding and exploration of various sensors used to control such sys-
tems, so that the computer and control solution can be represented in the rig.

2. Investigate di erent load cases that can be implemented on wheel/tire in the test rig, sensors
needed for the test rig to be able to perform analysis of logged data which correlates wheel
input and body motion in a vertical direction.

3. Design a quarter car test rig that can be integrated in the 4-poster rig available at VCC.
Test rig xture should be modular to allow independent suspension systems for one corner,
e.g.,SLA, MacPherson, 5-link, integral link, etc.

4. Validation of the model with the help of simulation data from Adams or kinematic simulation
on Catia.

5. Create a metric of wheel input to (force:F,) Road Variation to rate the isolation of wheel
input and body movement based on rig input loads and signals from rig set up considering
both primary and secondary rides.

6. Build a virtual prototype (simulation model) of the rig. Use the virtual prototype, before
manufacturing the hardware parts, to check that it is credible that the rig will be used before
manufacturing rig parts.
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Theory

2.1 Four Link Suspension System (SLA)

The four link suspension system is similar to the double wishbone suspension system. Another
name for this suspension system is short long arms suspension (SLA). The upper control arm is
common in both the systems but the lower control arm is split into two separate two point links
as shown in gure?? . The degree of freedom is constrained as follows:

Each two point link constrains one degree of freedom. Thus, 3 links constrain 3 DoF

The upper control arm constrains 2 DoF

Figure 2.1: Four Link Suspension System

This suspension system can be more compact than a double wishbone system.

2.2 Five Link Suspension System

The ve-link suspension is an independent type of multilink suspension system. This suspension is
widely used in a modern premium or heavy cars for their good performance and cost. The design
of the ve-link suspension is derived from the double wishbone suspension system (see gure 2.2).
The upper and the lower wishbones are split into two-point separate links. The idea of multilink

suspensions is to use several links to ensure better control and tuning of the kinematic parameters.

Due to larger number of design parameters, it has the capability of ful lling both complex kinematic
and dynamic requirements imposed on the suspension systems. It is however, more di cult to
integrate than any other suspension mechanisms, due to its general spatial con guration.
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Figure 2.2: Five Link Suspension System

Commonly, these suspensions are used on a unibody vehicle which makes the subframe to be
mandatory. The subframe is attached to the unibody through bushings to reduce the transmission
of noise and vibrations from the wheel to the body.

2.3 Integral Link Suspension System

Another form of the multilink suspension is the Integral link suspension. The suspension system
comprises of a toe link to control the toe angle change and a camber link to control the camber
angle change. What makes it unique is the presence of the trapezoidal shaped lower platform which
poses a challenge in modelling the suspension system. The degree of freedom for the integral link
is constrained as follows:
Two point link constrains one degree of freedom. Thus, the toe and camber link each constrain
1 DoF
The lower platform is a special case since it is connected to the integral link. This system
constrains 3 DoF

(@) Front Isometric View (b) Rear Isometric View



2. Theory

The integral link helps to control the torques on the knuckle during acceleration and braking
and thus provides a high windup sti ness. The integral link suspension can be quite complex to
understand and tuning the system can be di cult.

2.4 What is FAS?

FAS is that kind of suspension and damping systems in which the force at each wheel could be
individually regulated. Hence, improving both the ride comfort and driving dynamics. In today's
world of Vehicle Dynamics, there are various demands such as high ride comfort, full anti-roll
and anti-pitch control even at highest accelerations, high interlocking with the air suspension, low
energy requirements and exible package. These objectives could be achieved by combining an
air spring with an active hydropneumatic suspension. The air spring carries the basic load of the
vehicle and regulates its level. If necessary, the hydropneumatic suspension generates dynamic
forces that are superimposed on the forces of the air spring and are able to actively support and
dampen the vehicle body.

The hydropneumatic suspension is identical at each wheel, gure 2.3. The damper has a continu-
ously adjustable damping valve and a hydraulic accumulator on both working chambers. Over the
hydraulic lines, each damper is connected to a Motor-pump Unit (MPU). The MPU can pump oil
from one side of the damper to the other side so that a pressure drop is generated inside the damper,
creating an active force. In the event of a disturbing excitation from the road, the hydraulic accu-
mulators are working as spring elements and the MPU is decoupled from jerky movements of the
wheel.

Figure 2.3: Schematic Representation of Fully Active Suspension

As shown in gure 2.4, the progressive characteristics of the hydraulic accumulators are ideally
suited to the properties of the electric motor. In the case of low forces, the hydraulic accumulators
have a low sti ness and o er a very good decoupling. However, the forces can be rapidly modulated
because the electric motor can reach high speeds at low loads, gure 2.4 (operation point 1). With
increasing forces, the stiness is increasing simultaneously and thus compensates the declining
dynamics of the electric motor, gure 2.4 (operation point 2). The power hyperbolas of the motor
are thus fully utilized.
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