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Summary

• Research activities

• Technological Innovations

• Roll Over risk

• Inclusion of disabled workers



Background

Nowaday safety improvements of agricultural machinery is matter of two aspects
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Electrification

SAFETY IMPROVEMENT IN AGRICULTURE

Digital Technologies
Agriculture 4.0

Firmware update Radio 
communications

Mechanical
Innovation

Mechanical Design Flexible layout



Roll Over Risk
Injuries data: half of the fatal accidents in agriculture are caused by overturning
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Examples of ROPS and retrofit ROPS

Until the end of 90s tractors were placed on the market without ROPS
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90s

Crawler TractorsOrchard tractors

At the end of the 90s

Standard tractors

1974



INSTITUTIONAL INTERVENTION
National Guidelines
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Fatal accidents

X00.000
Tractors not
equipped
with ROPS
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Protection



Retrofitting process
Results

“ There is real progress only when the benefits of a new technology become for everyone” Henry Ford
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THE IMPACT OF THE GUIDELINE 
The French Ministry of Agriculture
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Roll over risk considering foldable ROPS Structures

Foldable structures can be misused
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ROPS folded down

Fatal accident



Compact Roll over protective Structure: CROPS

Design, prototype and testing of compact structures
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Extrapolation of the tree profile 
by processing tree pictures

Design of the structures Testing on the field



Compact Roll over protective Structure: CROPS

CROPS are four posts ROPS with a smooth and useful lateral profile
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height

Weldment profiles 
of different shape 

ensure the operator 
protection

Safety volume

Nested Joint



Functional needs

the height of the CROPS structures is excessive for some tasks

Tractors equipped with folding structures remain in service
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H~26 cm

Functional need

Reduce the physical effort 
associated with handling

Introducing assisted foldable
ROPS

Study new vehicle



ASSISTED SYSTEM

Introducing actuators able to assist and reduce the effort required to move the ROPS

Introducing automatic locking systems
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Safe configuration
Raised ROPS

Unsafe configuration
Lowered structure

Moveable
hook

Fixed pin

Zona di 
contatto

Dynamic simulation



AUTOMATIC LOCKING DEVICE
Manufacturing and testing phase

The locking systems have been tested according to OECD code Rules.
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FEM Simulation
Electric actuator

Functional and strength tests



QROPS: foldable ROPS

Research activities
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H~26 cm

Classic ROPS
(partially foldable)

Required height

Maximum Height



Deployable Rops: kinematic synthesis
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Original ROPS

Electric actuator

Locking device

Folded QROPS
size

Hinges



Virtual prototype of Compact Tractor
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154 cm

Hybrid solution

Full electric



MOBIRUD

Disabled Rural Mobility

MOBI.RU.D

Air suspension

Multifunctional, electric, fully 
customizable platform

The vehicle can be used on rough terrain

The operator can access the machine with his 
own wheelchair:

• Air suspension
• Folding aluminum platform on both sides 

of the vehicle
• Turntable 
• Wheelchair coupling / release system via 

pin



Autonomous use

Lowered suspension

Footboard



Safety

Locking pin

Safety guide

Holding mechanism

Rear Camera



Controls

Rear steering system

Wireless throttle

Breaking  handle

Driving aid



Main characteristics

Compactness and driving practicality for rural 

contexts

Operational flexibility, compatibility with multiple 

driving aids

Driving comfort and safety with multiple 

wheelchair coupling system

Electric powertrain with high efficiency and low 

weight

Mobility on rough terrain

Possibility of entry, use and get off in total autonomy



Drawbacks
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Digital Controls

On large scale the safe upgrade of firmware must be taken into account!

The vehicle will be industrialized.



Drawbaks Deployable Assisted/Automatic ROPS

Unsafe Configuration Safe Configuration

ROPS handling by proactive
systems

Automatic ROPS
(IMU Sensor detects the Roll Over 

risk and activates the ROPS 
suddenly)

The operator could hit some elements of the ROPS 
in the lifting phase and he/she could get hurt!!! 

Smart Assisted ROPS
(Assisted ROPS by means of Drone. 

The drone detects the dangerous zones on the field and 
communicates with the control system of the ROPS)

Safety Communication Protocol should be implemented!!!
Firmware upgrade!!!
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