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Abstract  
In the last years, RPAS (Remotely Piloted Aircraft Systems) have found wider application in different kinds of 
civil missions and according to the most recent market analysis, RPAS will have an exponential growth in the 
future. 
The outstanding development and application of the unmanned configurations must not ignore the public safety. 
When RPAS are applied in critical scenarios, the vehicle has a high probability to impact with the human body 
in case of accident with it, due to the high density of population of the area.  
The paper deals with a feasibility study about the possible use of automotive methodologies to analyze the 
impact between the RPAS and the human body. The main automotive methodologies will be taken into account 
and applied to RPAS to study the severity of the impact. These methodologies are recognized by the most 
important regulatory authorities in the automotive field and they are used to both verify and certify new vehicles, 
but they can be only partially applied to unmanned configurations. As it will be reported at the end of the paper, 
these methodologies have some limitations when applied to RPAS because the impact scenario itself cannot be 
directly compared to an automotive accident. Therefore, some modifications must be introduced to define an 
innovative methodology that allow the certification of harmless and safe RPAS. 
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1. Introduction 

In the last years the unmanned industry has had an exponential growth equals to EUR 10 billion annually by 
2015, and it will reach over EUR 15 billion annually by 2050, as reported by the European Drones Outlook 
Study (SESAR, 2016).  
This new and innovative marketplace must not be apart from the public safety. The majority of civil RPAS 
(Remotely Piloted Aircraft Systems) has the MTOM (Maximum Take-Off Mass) below 25 kg (Gleave, 2014), in 
particular 80%-90% of RPAS are under 7 kg (Guglieri et al., 2016), and they are often used over crowded areas 
where viewers and/or end-users could become possible victims. According to Markets and Markets (2015), the 
media and entertainment application has the highest market share both in 2015 and in the 2020 forecast with a 
value of USD 1.323,8 million, followed by the smart farming, hobbyist and do-it-yourself, surveying and 
mapping, education, law enforcement, retail. 
In each of these applications, the unmanned configuration can fall down to the ground due to a failure on-board 
or human errors, causing injuries on the human body, in some cases also quite severe. The main injuries are 
lacerations, contusions, abrasions and fractures, but also hemorrhages and internal organs injuries.  
Therefore, the unmanned configurations must meet some safety requirements that ensure the offensiveness of the 
vehicle. The definition of these requirements is one of the main challenges that the Regulatory Authority must 
overcome in the next months to guarantee the public safety. FAA (Federal Aviation Administration) and EASA 
(European Aviation Safety Agency) have respectively published own regulations about RPAS, although some 
modifications and/or integrations are mandatory, as demonstrated by the definition of several task forces and the 
release of Notices of Proposed Amendments (NPAs). Due to the application of different criteria and 
mathematical models, these regulations have some discrepancies that are causing confusion among operators and 
delays in the publication of an unequivocal and unique regulation. 
The European Commission have published ECE Rxx (Economic Commission for Europe Regulation xx, where 
xx differs according to the treated topic), while in the United States, the Federal Register 49 CFR part 571 
contains the FMVSS (Federal Motor Vehicle Safety Standards). These regulations contain many threshold 
values and several criteria to guarantee the occupants ‘safety. The aim of this paper is to analyze how the criteria 
and tools applied in the automotive fields to perform crash tests to certify new cars can be applied in the RPAS 
field to even regulations.   

2. The accident analysis and the biomechanical response 

2.1. The accident analysis 

Injury criteria and causes related to an accident are fundamental to define prevention measures, protection and 
mitigation criteria. Unfortunately, data are often incomplete and/or not available, thus scientists cannot perform 
an exhaustive analysis of the accident. While data related to traffic accidents are collected by specific 
organizations, such as NHTSA (National Highway Traffic Safety Administration) in the United States, data 
related to RPAS accidents have not yet collected by definite organizations. Moreover, people often do not 
denounce the event because they are not aware of the severity and risks related to the use of RPAS. 
A wide analysis of RPAS accident has been performed by EASA considering events from January 2010 to May 
2016. 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 UAS occurrence classes (from 2010 to 31 May 2016) (EASA 2016) 

Most EASA Member States have filed reports of occurrences involving RPAS. UK and France are the Member 
States where more occurrences have been reported. The lack of reports is another important aspect not to 
underestimate during this analysis. 
 

 
Fig.2 RPAS occurrences per EASA Member State (from 2010 to 31 May 2016) (EASA 2016) 

 
Considering the flight phase of the unmanned aircraft and the type of airspace, “En-route” and “approach” flight 
phases accumulate the highest numbers of occurrences, and that CTRs (Control Zones) and TMAs (Terminal 
Manoeuvring Areas) are the type of airspace where most occurrences were reported.   
 



 
 

 
Fig.3 UAS occurrences in relation to flight phase and type of airspace (from 2010 to 31 May 2016) (EASA 

2016) 

In this paper, more than 60 accidents between an RPAS a human body have been analysed. In some cases, the 
unmanned configurations have not directly hit victims, but they have fallen on the ground near people, such as 
supermarket parking, or broken a window of a building, on a roof, on a patio of restaurant, during sport events or 
parades. The majority of accidents has involved the rotary wing configuration (96.7%), while the fixed wing one 
was in 3.3% of accidents. This does not mean that the fixed one is safer and more reliable than the rotary wing 
configuration, but this big discrepancy is due to the incredible number of units of rotary wing configuration sold, 
in particular quadcopters (Markets and Markets, 2015), but also to the limited application of the fixed wing 
configuration. 
Moreover, 80% of accidents has involved RPAS whose mass is in the range 1-3 kg, that is the most sold size of 
RPAS, as reported in (Markets and Markets, 2015).  
Accidents have also been analysed considering the severity of injuries. In particular, injuries have been classified 
applying the AIS (Abbreviated Injury Scale) parameter. AIS is an anatomical scoring system developed in the 
1960’s by a group of 75 specialists from around the world. It was introduced in 1971 and revised in 1980, 1985, 
1990, 1998 and 2005. In Copes (1989), injuries have been ranked on a scale of 1 to 6 that represents the ’threat 
of life’ associated with an injury and it is not meant to represent a comprehensive measure of severity. None of 
the 60 accidents has been reported applying the AIS classification. Considering the injuries description and the 
witnesses released by victims, each accident has been classified by authors applying the AIS score. 
Fortunately, three quarters of accidents have caused minor (AIS=1) or moderate (AIS=2) consequences.  
The most complete analysis correlates the mass category to the AIS score.  
 

Table I Accident frequency according to MTOM and AIS 

 
AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS 6 

m<1 kg 2,78% 0,00% 0,00% 0,00% 0,00% 0,00% 

1-3 kg 47,22% 22,22% 8,33% 2,78% 0,00% 2,78% 

3-5 kg 0,00% 0,00% 0,00% 0,00% 0,00% 2,78% 

> 5 kg 2,78% 0,00% 2,78% 2,78% 0,00% 2,78% 

 



   
Watching the table, it is possible to conclude how it is relevant the lack of data related to accidents because 
several cells are still empty. This is because, until now, too few accidents have been collected in literature, on the 
newspaper and on the web. 

2.2. The biomechanical response 

Many criteria useful to analyse an impact have been developed in the automotive and transport infrastructure 
fields. These criteria have defined threshold values to guarantee public safety in case of a car accident. The aim 
of the paper is the enforcement of these models and criteria to RPAS, eventually modifying some aspects, 
introducing some considerations.  
The risk of injuries for the occupants of a vehicle are related to the severity of the impact and can be assessed 
using criteria developed as a function of the "response" of the vehicle during the impact, starting from 
parameters such as speed, acceleration and force. 
Different criteria have been proposed and adopted in Europe and in the United States of America, as reported in 
the following. 
The European Norm EN 1317 (EN 1317) on road safety systems defines the following severity indices: 

• ASI – Acceleration Severity Index: it provides an assessment on the accelerations to which the 
occupants of a vehicle are subject.  

• THIV – Theoretical Head Impact Velocity: it represents the theoretical value of the speed with which 
the head of the occupants can impact a rigid element of the vehicle cockpit involved in the collision 
against the barrier. THIV shall be less than 33 km/h. 

• PHD – Post-impact Head Deceleration: it represents the maximum value of the resulting deceleration 
on the vehicle center of gravity calculated as average of the two components  and  on a time 
window of 10 ms in the instants later to tf 

• The acceptability limit value for the PHD is fixed at 20 g. 
The US Norm NCHRP Report 350 - “Recommended Procedures for the Safety Performance Evaluation of 
Highway Features” (Ross et al. 1993) and the latest MASH - “Manual for Assessing Safety Hardware” (MASH 
2016) use severity indices similar to those ones of European regulation: 

• OIV – Occupant Impact Velocity: it is the highest value between the two components of the occupant 
speed Vx and Vy in the vehicle reference system at the time tf.  

• ORA – Occupant Ride-down Acceleration: it calculates the maximum value of deceleration in the X 
and Y directions starting from the time tf. The accelerations are filtered by a sliding window of 10 ms. 

The consequences of the accident between an RPAS and the human body can be also studied applying injury 
criteria, according to the human body part considered. A severity injury index approach is maintained, although a 
more medical analysis is performed. Injury criteria about head, neck, thorax, abdomen, lower and upper 
extremities have been developed in literature. In this paper, injuries on head and neck will be analyzed, because 
the majority of the considered accidents have involved these human body parts. 

2.2.1.Head Injury Criteria 

The main criterion for determining the damage to the head as well as the only criterion accepted by the NHTSA 
(National Highway Traffic Safety Administration), according to FMVSS (Federal Motor Vehicle Safety 
Standard) No. 208 (Hollowell et al. 1999), is the index HIC (Head Injury Criterion). It is defined as the 
maximum value of the product between the duration and the average acceleration raised to 2.5: 
 
 

 
 
where:  
-  t2-t1 < 36 ms reflecting the fact that longer decelerations do not modify significantly the risk of damage; 
-  a is the resultant acceleration of the head, expressed in g. 
To evaluate the frontal and lateral impact, the HPC (Head Protection Criterion) is another criterion to apply. As 
reported in ECE R94 Rev. 01-S2 (United Nations, 2003) and R95 Rev. 02-S1 (United Nations, 2004) 
Regulations, HPC=1000 is the threshold value. 

(1) 



 
 
Moreover, the 3ms Criterion (a3ms) is defined as the acceleration level exceeded for a duration of 3 ms and 
should not exceed 80g (Got et al. 1978). This Criterion is required in ECE R21 Rev. 01-S3 (United Nations, 
2003), R25 Rev. 04 (United Nations, 1997) and FMVSS 201(United Nations, 2011). 
Considering translational and rotational accelerations, another method was defined by Newman (1986) as 
GAMBIT (Generalized Acceleration Model for Brain Injury Threshold) method. 

2.2.2.Neck Injury Criteria 

In the study of traumatic injuries of the neck, the Neck Injury Criterion (NIC) is generally used. This index was 
proposed by Boström (Boström et al. 1996) and correlates the relative movement between the center of gravity 
of the head and the base of the neck (T1 vertebra) to the cervical lesions produced by the variation of the 
pressure gradient in the spinal canal. 
The maximum value during the first 150 ms of the test is called NICmax and is considered one of the major 
indicators of whiplash. 
NHTSA proposed the Nij criterion (Schmitt et al. 2001), which is based on the linear combination of cutting 
force (Fx) and bending moment (My) and it is defined by the following formula: 
 
 
 
 

3. Experimental and numerical tools 

3.1. Introduction 

Applying the criteria, previously described, the biomechanical response of the human body to an impact can be 
evaluated by experimental and numerical methods.  
During an experimental test, a realistic accident is simulated. Generally, human surrogates, such as homologated 
ATDs (Anthropomorphic Test Devices) are used. They are equipped with sensors to measures parameters (such 
as accelerations and pressures) and they are able to record data, useful for the post-processing analysis. Dummies 
faithfully reproduce the human body features in terms of mass and inertia, size and shape, but sometimes human 
volunteers are used for low intensity and not dangerous tests. In some cases, PMHS (Post Mortem Human 
Subjects) are used for more severe tests, although the biomechanical response is different due to the dead tissues. 
Numerical methods allow to verify the correct design of the considered device, but also to reproduce the impact. 
Numerical methods distinguish between: 
• MBS (Multi Body System): based on rigid body dynamics. 
• FEM (Finite Element Method): based on continuum mechanics. 
Rigid models will be applied if only accelerations and forces must be evaluated, while, elastic models will be 
applied if the behavior of the human tissue must be studied, in terms of abrasions, lacerations and so on. 
The biomechanics reconstruction of a harmful event must first result in the determination of both the cause 
(contact or acceleration) and the type of injury. To study the danger of an impact of a RPAS against a person, 
FEM models have been built to recreate the dynamics of the phenomenon and provide an indication of the risk of 
injury through the values of biomechanical indices 

3.2. Experimental methods 

To evaluate the risks of injuries produced by impacts of light APR (up to 2 kg in weight) against persons, several 
lab tests have been performed by using dummy “drones” and an instrumented Anthropomorphic Test Device 
(ATD) Hybrid III 50%ile. 
Two types of RPAS dummies have been used: 
 
 
 
 
 

(2) 



   
• Fixed wing “drone” 

	

ü material: extruded polystyrene foam for the 

wings and the central body, alveolar 

polypropylene sheets for winglets, a carbon 

tube as internal stiffener;  

ü wingspan: 130 cm;	

ü mass: 1.926 kg.	

 
• Multirotor “drone” 

 
Fig. 4 RPAS dummies	

ü material: steel for the central body and the 

rotors, carbon tubes for the arms; 

ü diametral width: 65 cm; 

ü central disk diameter: 19 cm; 

ü motors diameter: 6 cm; 

ü mass: 1.963 kg. 

 
To launch the drone against the Anthropomorphic Test Device (ATD) a slide equipped with a carriage on which 
the dummy drone is placed has been used.  
The carriage propulsion has been achieved by using an elastic system put under tension and then released. The 
output speed depends on the tension with which the elastic bands are loaded and on the weight of the dummy 
drone. 
A speed meter (TAG Heuer PTB605) for the drone velocity measure and a high-speed camera (Olympus i-
SPEED TR - 1000 fps) for a detailed video recording have been used. 
To synchronize the acquisition of the dummy data with the high-speed camera a trigger system has been 
implemented. 

 

3.2.1. Impact evaluations 

The impacts were evaluated by referring to the procedures developed for the certification of the systems used to 
protect motorcyclists, integrated in road safety barriers, whose Norm reference is the CEN/TS 1317-8:2012. 
CEN/TS 1317-8 examines the forces acting on the head and neck of a man, more vulnerable than other parts of 
the body during the impact with the barrier, and defines the ultimate limits that do not cause serious injury to the 
body. For each test the following parameters have been considered: 
 

• HIC (Head Injury Criterion); 

Fig.5 Testing equipment 



 
 

• Fx (Neck anterior-posterior shear force); 
• Fy (Neck lateral shear force); 
• Fz (Neck tension-compression force); 
• Mx (Neck lateral bending moment); 
• Myextension (Neck extension moment); 
• Myflex (Neck flexion moment). 

 

The reference system and the conventional verses of the magnitudes are expressed in accordance with those 
shown in figure below. 

 

 
The maximum admissible values for the injury parameters are shown in the figure below. 
 

 
 

with: 
 

	 	 	

Curve	1	(Fx)	 Curve	2	(Ftension)	 Curve	3	(Fcompression)	

 
 
 
 
 

 Fig.6 Reference system for the head accelerations, and forces and moments on the neck 



   
3.2.2. Experimental results 

N. 5 APR-to-ATD impact configurations have been considered for the experimental testing: 
 

	 	 	 	 	
 

The main experimental results obtained with both APR are summarized in the following tables: 
 

Fixed	wing	RPAS	(1.926	kg)	
	

	 	 	 	 	
Test n. 008 004  006 003 009 

Impact speed 12.8 m/s 12.8 m/s 12.7 m/s 12.7 m/s 12.7 m/s 

Impact energy 158 J 158 J 155 J 155 J 155 J 
HIC 83 103 2988 36 10 
Fx -125 N 620 N 490 N 1580 N 420 N 
Fy -1300 N 170 N 302 N -130 N -88 N 

Fz 480 N 2980 N 6900 N -405 N 580 N 

Mx 102 Nm -22 Nm -22 Nm 6.7 Nm 11 Nm 

Myext 10 Nm 16 Nm 15 Nm 155 Nm 45 Nm 

Myflex -7 Nm -16 Nm -5 Nm -10 Nm -10 Nm 

 
 

Rotary	wing	RPAS	(1.963	kg)	
	

	 	 	 	 	
Test n. 010 005 007 011 - 

Impact speed 12.8 m/s 12.6 m/s 12.8 m/s 12.7 m/s n.a. 

Impact energy 161 J 156 J 161 J 158 J n.a.	
HIC 1789 2988 781 1374 n.a.	
Fx -275 N 490 N 230 N 4000 N n.a.	
Fy -4000 N 302 N 880 N -130 N n.a.	
Fz -1280 N 6900 N 500 N -500 N n.a.	
Mx 145 Nm -22 Nm 27 Nm 5.6 Nm n.a.	

Myext 11 Nm 15 Nm 3 Nm 115 Nm n.a.	
Myflex -13 Nm -5 Nm -5 Nm -19 Nm n.a.	

 
 
The experimental results underline as the impact of an APR against a person can produce very serious injuries, 
even if the drone weight is less than 2.0 kg. Both head accelerations and neck forces exceeded the maximum 
admissible values in several tests. 



 
 
In some cases also the flexion/extension moment calculated about the occipital condyle (My) showed values over 
the admissible limit. 

These results highlight the importance of reducing the severity of APR impacts, working on both the shape of 
drone and the materials, in order to reduce the kinetic energy density (sharp edges must be avoided) and increase 
the energy absorption capability. 

3.3. Numerical methods 

To study the danger of an impact of a drone against a person FEM models have been built to recreate the 
dynamics of the phenomenon and provide an indication of the risk of injury through the values of biomechanical 
indices such as HIC (acceleration on the head), forces on the neck and chest deflection. 

The simulation code used in the present study has been LS-DYNA version 9.71 R5.0, a general purpose finite 
element software based on an explicit algorithm, particularly suitable in the study of high dynamic phenomena 
involving large plastic deformation and high strain rates. 

The mechanical computations have been performed on a workstation with two quad-core CPU Intel XEON 
E5620 2.4 GHz. 

For the present study the FEM models of a fixed wing drone (UAV - Unmanned Aerial Vehicle) and a 
quadcopter drone have been made, both dimensioned so as to have shape and mass similar to those ones used in 
the experimental results.  

The following figures show the finite element models of the two UAVs. 

	

Þ	

	

Fig.7 Fixed wing “drone” – FEM model	

 

	

Þ	

	

Fig.8 Quadcopter “drone” – FEM model 

 

Both 2D SHELL and 3D BRICK elements have been used in the FE modelling. SHELL elements have been 
characterized with a Fully Integrated formulation, while for the BRICK elements a Constant Stress Solid 
Element formulation has been adopted. 



   
*MAT_PIECEWISE_LINEAR_PLASTICITY is the option used to model the elastic-plastic mechanical 
behavior of metallic drone parts while *MAT_SOIL_AND_FOAM is the constitutive law used to model the 
behavior of the extruded polystyrene foam. 

For the Anthropomorphic Test Device, a detailed FEM model of a Hybrid III 50% has been used: 

 

	

• n. nodes: 292231 
• n. elements: 452608 
• n. added mass: -- 
• n. rigid: 179 
• n. spring: 1 
• n. beam: 256 
• n. weld: 40 
• n. joint: 32 

	

Fig.9 Hybrid III 50% – FEM model 

 
The numerical models have been validated by correlating numerical and experimental results on lab tests 
performed using a simplified dummy drone. 

The response on the FEM models have been compared with the experimental results in terms of: 

• global behaviour of the drone-Hybrid III system; 

• biomechanics parameters (HIC, neck forces, neck moments, …); 

• displacements of the Hybrid III; 

• effects on the drone structure; 

• duration of the phenomenon. 

 

3.3.1. Mechanical computations 

Several mechanical computations have been carried out by using the same impact conditions used in the lab tests 
performed with both fixed wing and multirotor drones. Scope of the simulations was tuning a tool useful to 
evaluate potentially injury risks for people hit by a drone and to identify technical improvements in the drones 
layout to make them safer. 

Following a two of the simulated tests: the first one with a fixed wing drone, the second one with the quadcopter. 

 

 

 

 

 

 

 



 
 

• Test 008 (Fixed wing drone, V=12.8 km/h, Ec = 158J) 
 

	
(1)	

	
(5)	

	
(2)	

	
(6)	

	
(3)	

	
(7)	

	
(4)	

	
(8)	

 
 

RESULTS	

PARAMETER	 EXPERIMENTAL/NUMERICAL	
VALUE	

HIC	 83	/	289	
Fx	 -125	N	/	-139	N	
Fy	 -1300	N	/	-1701	N	
Fz	 480	N	/	413	N	
Mx	 102	Nm	/	131	Nm	

Myextension	 10	Nm	/	11	Nm	
Myflex	 -7	Nm	/	-11	Nm	

 



   
 

• Test 011 (Quadcopter drone, V=12.7 km/h, Ec = 158J) 
 

	
(1)	

	
(5)	

	
(2)	

	
(6)	

	
(3)	

	
(7)	

	
(4)	

	
(8)	

 
 

RESULTS	

PARAMETER	 EXPERIMENTAL/NUMERICAL	
VALUE	

HIC	 1374	/	1510	
Fx	 4000	N	/	4195	N	
Fy	 -130	N	/	341	N	
Fz	 -500	N	/	-1217	N	
Mx	 5.6Nm	/	-15	Nm	

Myextension	 115	Nm	/	215.5	Nm	
Myflex	 -19	Nm	/	-86	Nm	

 



 
 
4. A new design 

After an experimental and numerical analysis of a rotary wing configuration and of a fixed wing one, some 
configurations components have been identified as dangerous for human life. 
The most dangerous configuration elements for a fixed wing RPAS are the Pitot Tube, the propeller and the 
leading edge. The Pitot Tube is unsafe because it is a rigid component with a small radius of curvature. Its 
severity should be reduced considering a retractile configuration or protecting it with a deformable material. 
The propeller is hazardous for different reasons. First of all, it is a sharp and pointed component that can cause 
serious injuries, such as lacerations, on the human body. Moreover, in nominal conditions, the propeller operates 
at high level of RPM (Revolutions Per Minute). 
The leading edge, together with possible winglets, is dangerous because it is a cutting component. Although it is 
unsafe, it is quite improbable that the impact between the RPAS and the human body is caused by this part. To 
reduce its severity, its sharp cannot be much modified, but materials could be very important to increase the 
safety.  
In the case of a rotary wing RPAS the dangerous configuration elements are different from the ones of a fixed 
wing RPAS. In particular, propellers, external engines, landing gear, arms and every on board sharp components 
are some examples of unsafe elements. 
As for a fixed wing configuration, propellers are able to rotate at high level of RPM, causing severe injuries in 
case of impact on the human body, such as lacerations, damages to eyes and general abrasions. Therefore, a 
lateral protection by a deformable material and a superior/inferior grid in correspondence to the propeller disk 
can considerably reduce the injuries. 
Landing gear and arms must be rounded components with a high radius of curvature such that to avoid the 
penetration in the human skin in case of impact with it. 
In case of pointed components that could hit the human body, a protection by a deformable material is needed. 
For instance, a kind of “pillow” can be reproduced by a layer of deformable material all around the arms and the 
landing gear. 
To minimize the severity of the impact, both the kinetic energy and the kinetic energy density must be reduced, 
modifying the area of impact and choosing the right material, able to dissipate energy.  
To decrease the kinetic energy, the MTOM and/or the velocity at the impact must be reduced. In the first case, 
the choice of the right material is strategic to reduce the overall mass of the vehicle. On the other hand, to 
decrease the velocity, the drag coefficient can be increased with some aerodynamic overhang or with some 
additional device, such as a parachute. 
To decrease the kinetic energy density, the area of the impact must be increased modifying the shape of the 
vehicle, such as the radius of curvature. For instance, the Pitot tube can determine a high value of kinetic energy 
density to its small radius of curvature. Its severity should be reduced considering a retractile configuration or 
protecting it with a deformable material. 
The choice of the right material is primary for the configuration as a whole. Materials must be able to dissipate 
the kinetic energy at the impact, or rather they must be deformable, but at the same time it must be very light to 
reduce the structural weight. Some examples are: EPP (Expanded PolyPropylene), XPS (eXtruded PolyStyrene) 
and EPS (Expanded PolyStyrene). 
Although the choice of the materials is very significant, some other shrewdness could be applied to develop a 
harmless RPAS. Pointed and cutting components must be avoided, or rather, they could be placed on board if 
and only if a lateral protection is put in, such as a “pillow”. Arms and the landing gear are basic components that 
must be designed in a safer way with an appropriate radius of curvature or with a more rounded shape or with 
protections made by low density materials, such as the previous described ones. 
Besides materials and radius of curvature, some on board devices could be necessary to increase the level of 
safety related to the RPAS. First of all, an airbag or a parachute could be placed on board in order to open in case 
the RPAS exceeds the pre-defined level of accelerations. Parachute is useful only in case the RPAS loses control 
from a sufficient altitude above the ground, while the airbag is effective if accelerations reach a sufficient level 
to open the airbag itself. Moreover, the airbag protects the critical and unsafe components of the vehicle, while 
the parachute only reduces the speed of the RPAS, but it does not protect the unmanned configuration.  



   
Furthermore, some electronic components could increase the level of safety. For instance, a speed limiter 
could be useful to reduce the speed in case of loss control. Increasing the level of reliability of the electronic 
components could be another possible approach. Moreover, a secondary propulsion system could be placed on 
board to deaden the speed in case of loss control. This second system is in parallel to the primary one and it 
would come into operation only in case of malfunction of the overall system to decrease the kinetic energy at the 
impact. 
Finally, another device useful to decrease the dangerousness of the vehicle is a protection grid for the of 
propellers. This item is specific for rotary wing configuration to cushion the friction drag and the speed, 
therefore the kinetic energy at the impact. The grid can be placed in correspondence of the propeller disk, both 
superior and inferior, if a lateral protection is fixed. Therefore, this solution is quite similar to the ducted fan 
device. 
All these previous best practices must be taken into account during the design process to reduce the kinetic 
energy and the kinetic energy density at the impact in order to design a harmless unmanned configuration. 
In other fields, such as the automotive field, all threshold values have been defined during an experimental 
phase, therefore, also in the case of RPAS the experimental analysis is mandatory, together with a numerical one. 
Therefore, analytic, numerical and experimental analysis should be lead to evaluate the design features that a 
harmless RPAS should have.  

Conclusions 

The aim of this paper was to define a feasibility study to evaluate the level of offensiveness of small RPAS, 
whose MTOM is below 2 kg, and how to modify the configuration design to increase the safety level of the 
unmanned configuration. 
An accident analysis has been performed to identify critical aspects in the unmanned configuration design, what 
kind of impact scenario could occur and the kind of injuries on the human body in case of impact. Afterwards, 
several tests have been performed applying the automotive approach to verify how this approach can be enforced 
and eventually modified in the case of RPAS. 
Results do not completely comply with the initial expectations related to the automotive field. Indeed, due to the 
limitations during the experimental analysis, some numerical simulations were necessary to validate the 
experimental results and to better define the assessment for the certification of harmless RPAS.  
Both experimental and numerical tests could be improved in future works. 
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