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s* WHO WE ARE...

OTAM is an EngineeringCompany established in technopolis of Istanbul
Technical University.

We provide Enginnering Solutions & Testing Services.

Main working fields that we serve Product Development, R&D Projects,
Special Test System Development.

Main Industries that we serve Automotive Sector, Defence Industry,
Railway Industry

Other Sectors are Machine Producers, White Goods, Marine Industries
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s* INTRODUCTION

v’ Steering systems take a significant role on safety and comfort in road
vehicles.

v" They are among the most significant subsystems for road vehicles in terms of
a controllable, safe and comfortable driving.

v Although this importance, it is obvious that there is not enough effort in the
industry and academia for steering system evaluation in the laboratory.

v" According to benchmark surveys, there are only a few companies which
design steering system test benches and they have mostly systems with a
few specific aims.

v" The presented test benches in this study have a modular and flexible design

which is helpful for analyzing durability, evaluating performance and
investigating characteristics of a steering system together.
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s*> INTRODUCTION

3 axis and 5 axis steering system test benches are designed and constructed in
OTAM Laboratories for all type of passenger cars and light commercial vehicles
as a modular structure in order to research and develop various steering
systems independently from vehicles.

3 Axis Steering System Test Bench 5 Axis Steering System Test Bench
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s> DEVELOPMENT APPROACH

Development approach is started with assembling trials between vertical
and horizontal cylinders for a 5 axis steering system test bench. Test bench
has to obtain 3 kinds of wheel movements that are shown below
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Wheel Movements

Over 20 trials are examined and elected due to
the technical and budgetary reasons

Design Trials
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s* DEVELOPMENT APPROACH

The most 3 applicable design options are left to obtain the most appropriate
hydraulic actuator positioning which has the minimum hydrostatic bearing forces.

At the first trial cylinder is At the last trial cylinder is

positioned parallel to the At the second trial positioned parallel to the
test bench and fixed to horizontal cylinder is test bench. After the
its plate. positioned vertically tothe  5p5)ysis its obviosly seen
This type of assembly test bench. But this type of that, those 3 trials are
makes the unit two times positioning makes the  gyjtaple for the system. But
longer than the other 2 system wider. this trial is more compact
trials.

than the other trials
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s*> 3-D DESIGN OF THE MODULAR TEST SYSTEM

5 Axis 3-D Design

The test bench is designed as

the cooperative axes in the test

bench does not create load on
each other.

Rack Module

Cylinder Module

The steering system test bench
has designed as a modular
structure in order to provide a
flexible system. You can combine
a 5 Axis test bench with these
modules.

Hanger Module
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s*> 3-D DESIGN OF THE MODULAR TEST SYSTEM

3 Axis 3-D Design

Steering system test bench has
designed as a modular structure
in order to provide a flexible
system.

Tower Module Hanger Module

Rack Module

By using these modules you can

combine a 3 Axis test bench.
Middle Module Plate Rack Motor Module
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s*> DESIGN VERIFICATION

5 Axis Design Verification

The modules of the 5 axis
steering system test bench are
manufactured and assembled

after the verification on
computer environment like the 3
axis test bench.

Middle Module Assembly

Tower Module Assembly Cylinder Module Assembly
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s*> DESIGN VERIFICATION

3 Axis Design Verification

Designing of all the mechanical parts
and system’s support structures have
completed in computer environment.
After manufacturing comes the
assembling of parts.

Rack Motor Module Assembly

Tower Module Assembly

Rack Module Assembly

Middle Module Plate Assembly Hanger Module Assembly
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s, DESIGN VERIFICATION
3 Axis System Working Conditions

Number of Axes: 3 (2 lateral forces, 1 steering wheel
motor torque)

Dimensions: 2000 x 3000 mm
Stand Control: NI CRIO

Steering Wheel Actuator: Electric Motor
Steering Wheel Rotation: +/- 1080 degree

Steering Wheel Velocity : 2000 degree /s
(35 rad/s)

Steering Wheel Motor Torque: 100 Nm (continuous)
Rack Forces (Lateral) Actuators: 2 torque motors

Rack Forces (Lateral) Capacity: 3350 N (continuous),
11800 N (peak) (per motor)

Dynamic Rack Displacement Working Range: +/- 125 mm
Rack Force Actuator Velocity: 100 rpm
Communication: CAN & Ethernet
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s, DESIGN VERIFICATION
5 Axis System Working Conditions

Number of Axes: 5 (2 lateral forces, 2 vertical forces, 1
steering wheel motor torque)

Dimensions: 2000 x 3000 mm

Stand Control: NI CRIO

Steering Wheel Actuator: Electric Motor
Steering Wheel Rotation: +/- 1080 degree
Steering Wheel Velocity : 2000 degree /s

Steering Wheel Motor Moment: 100 Nm (continuous)
Rack Forces Lateral Actuators (Max): 15000 N
Rack Forces Vertical Actuators (Max): 25000 N

Rack Displacement Working Range (Lateral): +/- 60 mm
(max +/- 125 mm)

Rack Displacement Working Range (Vertical): 125 mm

Communication: CAN & Ethernet
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s*> DRIVING SIMULATOR

A suitable and ergonomic driver cabin is designed for subjective testing with real drivers.
A driving simulator software is also cooperating with the steering system test bench in
order to perform characterization tests. This Hardware in the Loop (HIL) system setup
incorporates a two track vehicle dynamics model in a programmed virtual environment.
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s*> CONCLUSION

An original steering system test bench is designed as both 3 axis and 5 axis
steering system test benches by using modular structure.

This design allows life-cycle, durability, performance and characterization
tests of steering systems of passenger cars up to light commercial vehicles.

Additionally, the test bench’s intellectual property rights are protected by the
Turkish Patent Institute.
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