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Introduction and Objectives

This document provides a high-level overview of the R&D activities that were performed by NRC during
Fiscal Year (FY) 2022-2023 as part of NRC Integrated Aerial Mobility (IAM) Program and Transport Canada
RPAS Task Force R&D collaboration. Hyperlinks to the detailed scientific reports are provided in this high-
level report. A brief overview of the regulatory research activities history, presented at the Unmanned
Canada 2022 conference, is also presented in appendix 2.

It should be noted that the research activities described in this document are performed under the IAM
Program, as one of its objectives, is to “Provide knowledge-based support to Transport Canada to enable
sustained and advanced RPAS operations of RPAS in Canadian airspace”. The IAM program also has for
objective, to develop niche technologies, as well as stimulate a stronger Canadian RPAS industry. A brief
overview of the IAM program is presented at appendix 3.

Research Areas and Project Overview

Fiscal year 2022-2023 research focus
1- Air to Air collision severity
2- Air to Air collision probability
3- Airto Ground (People) collision probability and severity
4- Detect and Avoid
5- RPAS Traffic Management (RTM)
6- lIcing
7- Urban Flows
8- Certification of Autonomous Systems
9- Noise

The following image shows the correlation between IAM regulation related research areas and TC’'s R&D

plan.

Federal RPAS R&TD Portfolio
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The following table presents work/milestones achieved, future research and the research projects’
regulatory impact. More detailed information on the projects is provided in the subsequent sections of
this report.

Research Supporting Regulation Project list
Work / Milestones achieved

Research area . Projects in FY2022-2023 Next Steps Potential Impact on regulations
. ) TBC, Air Risk Class {Inform the regulatory risk thresholds)
Mixed airspace models L ) o . B .
1.1 canad validation based on traffic | Align risk classes with Canadian airspace
. . . across Canada
Air to Air collision Canadian Airspace Modeling densities traffic

probability and severity
AWMS25 windshield on | TBC, potentially composite

1.2 |Drone Impact Assessment Inform the regulatory risk thresholds

. ) . cockpit parts
{experimental impact testing)
Injury criteria that Understanding of injury severity and
Air to ground collision 21 encompasses all population 18D mitigation requirements Inform the
probability and severity and injury Threshold and regulatory risk thresholds as well as
o } various sRPAS Standard 922 appendix C.
Human injury Severity
Onboard DAA system inform on the level of performance
Detect and Avoid 3.1 evaluation (optical and TBD required in the regulations. Inform
DAA system testing Radar) Standard 922.09
TBC, continuation of Provide a research tool and digital twin for
RTM 4.1 RTM simulator development research simulator the RTM flight trials to simulate various
RTM Trials support development scenarios
TBDC, development of

Development of a small

5.1 |Investigation of effect of icing - outdoor test capability for Inform environmental effects, and
outdoor test capability . . o .
on Small rotors medium RPAS required monitoring, restriction or
. TBC, Validating th measures to be put in place to operate in
Icing and extreme allcating the ) . p p p )
th Collect and analvsis of RPAS modeling of canadian  |challenging environmental conditions. Will
weather
2 ° ?—f andana \;SI‘I\ISRTZ Ma6 urban airflow also inform on standard methods to test
™ |Investigation of effect of pew_orgﬂtance T haust characteristics by system performance in those conditions.
wind in different {n@ tunnef exhaus measuring on-site flow Informs standard 922.11
environments field
Investigation of thrustin TBC, continue supporting
Certification of 64 autonomy, Pilot emerging requirements of | Certification of autonomy research will
Autonomy " |certification of autonomous | intervention time study and applied autonomous inform future regulations
systems Flight Test Technigues systems
Littérature review on RPAS . .
. - TBC, guantify the source relevance to the development of noise
. noise thatis of relevance to ) ) ) )
Noise i noise and propagation of |standards for lightweight and small (MTOM
the development of noise commonly used RPAS <150 kg) multi-rotor RPAS
7.1 |Littérature Review standards v 8

Table 1 Research progress overview

Air to Air Collision Severity (1)

This multi-year project is a follow up investigation of windshield drone strike testing performed in Fiscal
Year (FY) 2019-2020. This year’s project is utilizing a real cockpit of an AWM 525 certified aircraft to
conduct drone impact tests on windshields at representative speeds. Utilizing a real cockpit provides the

real boundary conditions of the windshield attachment. The project has the following objectives;

e To perform drone impact tests on Part 25 aircrafts windshields
e To assess damage severity on windshields and cockpit structure

e To assess the lethality of windshield debris on aircraft pilots
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To assess the lethality of the windshield debris resulting from the drone impact, two ballistic gel torsos
simulating the pilot and co-pilot were located appropriately within the cockpit. Such dummies are made
out of organic biodegradable materials and include the spine, rib cage, organs, neck and brain/blood in
the skull.

In addition, the cockpit procured for the test was instrumented with the following:

1- Accelerometers to measure structural vibrations of the windshields structure and
instrumentation panel during the impact.

2- High speed camera to capture the impact sequence, damage progression during impact and
density and distribution of the glass debris as they spall off the windshield and travel towards the
test dummies.

3- High speed camera to measure drone speed prior to impacting the windshield

A first impact test on the windshield on the AWMS525 cockpit occurred in fall 2022. A second test is
happening in winter 2023 with a different projectile. A hyperlink to the full report is provided below, in
addition to hyperlinks to previous reports.

Publications

e Drone impact assessment on aircraft structure: flat plate testing and analysis (Hyperlink)
e Drone impact assessment on aircraft structure: windshield and leading-edge testing and analysis

(Hyperlink)
e Drone impact on Part 23 aircraft structures (Hyperlink).

Air to Air Collision Probability Project (2)

Near mid-air collision (NMAC) risk is an impediment to the integration of Remotely Piloted Aircraft
Systems (RPAS) into non-segregated airspace. Since NMAC rates vary with the airspace density, various
regions of Canada are expected to have different safety requirements. The main objective of this multi-
year work is to develop statistical models of various Canadian Airspaces, which will allow for the
assessment of risk when incorporating RPAS with specific performance envelopes into various airspaces
in Canada.

In FY 2022-2023, the close collaboration with Carleton University continued and phase 3 of the project
focused on development of mixed airspace models across Canada.

Publications

e Report on model creation (hyperlink)
e Software repository containing airspace models and reports (hyperlink)


https://nrc-publications.canada.ca/eng/view/object/?id=9d4ecd38-e032-4f73-80f1-51b77e0aa679
https://nrc-publications.canada.ca/eng/view/object/?id=28f1d264-a3c2-449b-bbc1-39747f58e632
https://nrc-publications.canada.ca/eng/view/object/?id=004fd2e7-ad74-4d6e-ae6f-9ca0320ded84
https://nrc-publications.canada.ca/eng/view/object/?id=41ffddd5-bc2e-45a7-9d48-c41a6d7e030b
https://github.com/nrc-cnrc/Canadian-Airspace-Models
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Air to Ground Collision Severity (Injury Severity) (3)

The effect of a ground collision between a small RPAS and a human is a potential concern. The effects of
RPAS impact on humans, more specifically, head injuries are not well documented. Furthermore, little is
known about the effects of RPAS rigidity and mass on the human body during an impact.

In the previous Phase | of this project, a DJI Phantom 3 finite element model (FEM) was developed and
both average male and small female skull and brain responses were simulated. Here, the main focus was
set on validation of head injuries for the average male model, as the experimental data was available in
the FAA ASSURE report for male head responses during different impact scenarios. During Phase | of the
project, it was noticed that there is no suitable experimental data for the small female and children head
responses during an impact with a flying object. For this reason, the Phase Il work addresses several
missing challenges that were not in the scope of the Phase I. In addition, in Phase | work, only one type of
small RPAS (sRPAS) (Phantom 3) was modeled which limited the scalability to applying to various sRPAS

types.

In the Phase Il, Year 1 (FY 2020-2021) of this project, the project was stretched to accomplish three main
objectives: 1) Validate the small female model based on data available in the literature, to better justify
the large gender-related differences found in Phase 1; 2) Extend understanding of potential injuries into
more vulnerable populations especially children; and 3) develop a new sRPAS model for Mavic Pro.

In this FY2022-2023 project (Phase Il, Year 2), there are four main objectives that are built on learned
knowledge out of previous projects. The first objective was to validate the developed Mavic pro model
using experimental test data from ASSURE report #14. The second objective was to compare the Mavic
pro impact simulation with the available data for DJI Phantom 3, to understand sRPAS-specific injury
severity and tolerance. The third objective was to investigate vulnerable population (small female and
children) using both DJI Phantom 3 and Mavic models. The fourth objective was to develop scalability on
vulnerable population based on aforementioned collected data.

The Mavic pro model developed during Phase 2, in year 1, demonstrated good numerical stability under
various impacts. The validation work will also demonstrate how different sRPAS could affect head
responses during impact scenarios. Such knowledge is especially critical as various sRPAS models are
expected in real-world usage and need to be studied.

Leveraging developed DJI Phantom 3 and Mavic Pro sRPAS models, and various impact simulations on the
average male, small female, and 10, 6, and 3 YO children, an in-depth and comprehensive understanding
of sRPAS impact to various populations’ heads is being performed through simulation tools. In-house
developed codes are used to analyze injury metrics including HIC (head injury criteria), BrIC (brain injury
criteria), and CSDM (cumulative strain damage measure). By comparing all these data, the differences
among male, small female and 3, 6 & 10 YO children are being identified, which provide a unique
opportunity to understand how injury criteria should adjust according to each vulnerable population.
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At the end, developing scalability is being conducted after grouping all collected data including two types
of sRPAS to human head impacts, various kinetic energies, various impact directions, as well as various
populations. It is expected that through such a comprehensive and systematic analysis, we can scale the
safety regulations to various sRPAS under different impact scenarios.

Publications

e Phase 1 ground severity report is available online (Hyperlink).

Detect and Avoid (DAA) (4)

Transport Canada / NRC have identified several key areas of technology performance evaluation that are
required to enable safe BVLOS operations. A specific one is RPAS detect and avoid (DAA) capability.
Advancing technology performance assessment in this area will help guide operational risk assessments
for future BVLOS SFOC applications as well as inform regulatory developments.

As a result, TC performed a targeted call for participation to industry, which targeted
technologies/systems with detection technology onboard the RPA.

National Research Council Canada and Transport Canada obtained participation from 3 manufacturers of
airborne DAA systems with different approaches to DAA (1 electro-optical and 2 radar-based) with the
intent of conducting simultaneous performance evaluations via flight test. This performance validation
will assist TC to better understand the current ‘state of the art’ regarding performance, applicability of
current standards, as well as the associated means and methods of compliance related to DAA systems.
All three candidate technologies were installed on Bell 205 helicopter (‘ownship’, Figure below)

Figure 2 DAA systems installation on NRC Bell 205


https://nrc-publications.canada.ca/eng/view/object/?id=3deebbef-6ca5-4046-b10f-f2585390d3a7
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Phase 2 (FY2022-2023) of the project focuses on the collection and analysis of near mid-air collision
intercepts using different geometries (speeds/angles). Two intruder aircrafts were selected, NRC Bell 206
Jet Ranger, a light single engine helicopter, the Jet-Ranger is representative of the smaller end of Radar
Cross Section (RCS) for rotorcraft that are likely to be encountered in low altitude flight and the NRC
Harvard Mk IV fixed wing aerobatic trainer aircraft, which is representative of fixed wing General Aviation
traffic.

In FY2022-2023, the following main activities are being performed;

e |dentify Test Cases/Develop Test plan: This defines all the intercepts required to fully test the
performance of the systems. This test plan was developed in conjunctions with TC DAA SMEs.

o Flight Test Campaign 1 (Jet-Ranger): Conducting 5 hours of flight test intercepts of Jet-Ranger vs
Bell 205.

e Flight Test Campaign 2 (Fixed Wing): Conduct 5 hours of flight test intercepts of the fixed wing
GA aircraft (Harvard) vs Bell 205.

To date 67 intercepts have been conducted as part of the two flight test campaigns.

e Data Analysis and Reporting: This report details the system integration aspects, and performance
of each DAA system during the flight testing providing an assessment of detection and tracking
performance (range, accuracy) for each of the intercepts conducted.

Publications

e Ground based DAA performance evaluation report (hyperlink)
e Airborne DAA trials (Hyperlink)

RPAS Traffic Management (RTM) (5)

The FY2022-2023 work consists of the second phase of a collaboration project aimed at developing an
RTM Simulator. Initiated by National Research Council Canada (NRC) during FY 2021-2022, the project’s
objective is to provide a research tool for the RTM flight trials to simulate various scenarios.

During the first phase of this collaboration, NRC embarked on investigating different design patterns for
the simulator architecture as a distributed software that can easily scale up to interface with service
implementations and user interfaces across various platforms. The architecture design was implemented
with data definition for the 24 services that make up RTM service. It also defined interface end-points to
communicate with open-source UAV simulators such as ROS/Gazebo and AIRSIM to exchange data for
visualization and rendering. The software design is scalable and allows for remote connections through a
layer of Remote Procedure Calls (RPC) that invokes the services.

During FY2022-2023, the following main activities are performed;

10


https://nrc-publications.canada.ca/eng/view/object/?id=696b7609-45fa-4da3-8e51-084c27b640d3
https://nrc-publications.canada.ca/eng/view/object/?id=1fe2a764-93b2-4a1a-9d1a-8b620b824ec3
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e Revise and implement NRC Sim’s high-level design according to the updated RTM service
definitions and a notional architecture

o Implement priority services (Remote ID, flight planning, geo-fencing and surveillance), and
provide interface to integrate with the NRC traffic and density modeling

e Run simulations and use cases with synthetic data for BVLOS in low-risk environment

The major project output will be a software package that has a modular, service-oriented architecture
(SOA) design and is implemented in a high-level programming language to interface with external and
remote RTM services with specified communication protocols. Based on existing literature or standards
(where applicable) a logic for Remote ID, Flight Planning, Geo fencing, and Surveillance services is being
coded to accommodate simulation testing. NRC is testing the implementation with multiple use cases for
BVLOS low risk environment with and without data communication noises factored in to gauge the
robustness of the design and software.

This project directly supports the RTM AT objectives and the Systems Engineering Sub-Working group for
developing SE technical tools and capabilities that facilitate data-driven decision and policy making

Publications:

e State of the art in RTM technology for phase 2 trials (Hyperlink)

Icing (6)

Aircraft encounters with icing conditions during flight are recognized as a major safety hazard, with the
resulting accretion of ice on critical surfaces leading to degradation of aerodynamic performance such as
increased drag and stall at higher speeds and lower angles of attack. The threat posed by in-flight icing
encounters is particularly concerning for Remotely Piloted Aircraft Systems (RPAS’s) that operate at lower
altitudes and lower speeds where the frequency of icing events is increased and the resulting ice accretion
enhanced when compared to larger aircraft. In addition, RPAS’s often lack the ability to detect the
occurrence of an icing event from which the risk can be assessed and appropriate corrective action
performed.

The previous icing research has concentrated on the degradation in performance that rotors and
propellers may experience when exposed to an icing environment and has demonstrated that levels of
thrust loss and power consumption increase can occur that would be detrimental to maintaining safe
flight of the system.

While the information that has been gained from the experimental studies on RPAS rotors and propellers
in icing has been vital to understanding the influence of adverse weather on vehicle performance, there
was a need to translate this information to the operation of the RPAS as a complete unit. Consequently,
an experimental capability is being developed at the NRC which extends the previous testing, performed
as part of phases 3 and 4 of this study on medium size rotors (around 21inches in diameter), and allows

11
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for full RPAS system icing tests to be performed. Considering the increase in size of the test volume that
is required to provide a simulated icing environment for the whole vehicle as well as the need to access
GPS signals in order to maintain steady and controlled flight, this updated icing rig is being positioned
outdoors where the ambient temperature in the winter months (December to March) will provide the
necessary conditions for the icing simulation.

By testing the full RPAS in icing and examining the vehicle performance through data provided by the
onboard control system, e.g., rotor power and stability, it will be possible to evaluate the overall
susceptibility to icing and relate this to the rotor performance degradation obtained in the previous
project phases.

The work to be conducted as part of this test phase is separated into three sections. Firstly, a spray rig
capable of providing a controlled cloud of water drops with known drop size distribution and liquid water
concentration was designed, built and calibrated in an outdoor location in Ottawa, Canada, on the
Montreal Road campus of the NRC. Secondly, a series of tests is being performed in which small RPAS are
flown in the spray cloud under atmospheric conditions that will ensure drop supercooling and, therefore,
icing of the system will occur. And, lastly, information from the RPAS operation and control system will be
analyzed to ascertain performance degradation with output compared to rotor only data obtained during
the previous phases of this study. Considering this approach involves the development of a unique test
capability for outdoor operation of RPAS in icing, the experimental rig used in this project phase will be
considered as a pilot system with flexibility to address potential design and operational challenges that
may occur during this study and help de-risk development of a larger test facility that may form part of
future project phases.

Publications:

e Investigation of tolerance for icing of small UAV rotors/propellers: phase 1 (Hyperlink)

e Investigation of tolerance for icing of small UAV rotors/propellers: phase 2 (Hyperlink)

e Investigation of tolerance for icing of UAV rotors/propellers: phase 3 test rig development
and calibration (Hyperlink)

e Investigation of tolerance for icing of UAV rotors/propellers: phase 3 test

results(Hyperlink)
e Investigation of tolerance for icing of UAV rotors/propellers: phase 4 (Hyperlink)

Urban Airflows: Effect of wind in different environments project (7)

This is the third year of the project, Phase lll, of a multi-year collaboration between TC and NRC on Urban
Flows. The first phase of this collaboration included categorization of flow types within the urban
environment that are expected to challenge RPAS operation. The five urban airflow types identified during
Phase | as potentially hazardous to RPAS are: speed, direction, shear, turbulence and vorticity (S'DS*TV).

12


https://nrc-publications.canada.ca/eng/view/object/?id=6e28009c-c7c5-4ebd-b408-27604e35fef5
https://nrc-publications.canada.ca/eng/view/object/?id=148ae376-0898-402e-b0eb-a5407195ed48
https://nrc-publications.canada.ca/eng/view/object/?id=cafb1297-ba86-45eb-8747-aebe37129ba5
https://nrc-publications.canada.ca/eng/view/object/?id=75e0feef-8d63-445a-9189-b7d0188f575d
https://nrc-publications.canada.ca/eng/view/object/?id=1e20550e-f43c-4b70-b32c-153b426c67e6
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For the second year, flow-fields of four urban models representing Canadian cities were evaluated using
model scale wind tunnel testing to determine the magnitudes and locations of the extreme airflow
features, S'DS?TV. The turbulence intensity results from the urban airflow test were used to determine
the full-scale flow conditions for a second wind tunnel test where five small RPAS were evaluated for flight
stability for a range in turbulence. The wind speed limit for stable flying for each RPAS was found for a
range in turbulence intensity determined by the ability of the auto-pilot to maintain hover position.

To complete the evaluation of the RPAS response to urban airflow types, for Phase lll, the results of the
urban airflow test for the remaining three airflow types including direction, shear and vorticity (DS2V)
were analysed. The airflow types were simulated at full scale for a second small RPAS wind tunnel test to
determine what effect each of the flow types has on RPAS stability and to understand which of the S'DS?*TV
urban airflow types will govern guidance for safe urban operations.

The project objective is to support the TC RPAS Task Force development of regulations for safe operation
within urban environments, by wind tunnel testing to evaluate the flight response of commonly used RPAS
within simulations of the extreme airflow types expected within Canadian cities. Impacts on potential
regulations and benefits to the RPAS industry include:

» Safety of RPAS operations in cities improved by:
e Providing aerodynamic knowledge of RPAS operational limits within typical Canadian urban
airflows for the purpose of developing regulations for higher-risk RPAS operations; and
e Preparing technologies to inform future amendments to Regulations (CARs) for RPAS; and
e Developing methods for assessing RPAS response to representative urban flow features.

e Support the Canadian RPAS industry by:
e Improving knowledge of urban flows with RPAS manufacturers to ensure safe design and product
specifications; and
e Enabling Canadian RPAS operators to partner with NRC to mutually benefit from RPAS wind tunnel
testing.

The main activity for FY 2022-2023 is to facilitate and collect data from flight tests of RPAS at the outdoor
test platform located at the exit flow of the NRC 3 m x 6 m Wind Tunnel. The response of each RPAS to a
range of values in wind speed for the urban flow types is video recorded and time synchronized with wind
tunnel flow characteristic data for evaluation of operational limits and flow type effects.

Publications

e Urban airflow: what drone pilots need to know (Hyperlink).

e Link to the video (Hyperlink)

e Urban airflow FY2021-2022 report (hyperlink)

o RPAS operator guidance and safety assurance tools for the urban environment phase 3 (hyperlink)
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Certification of Autonomous Systems (8)

Over the last number of years Remotely Piloted Aircraft Systems (RPAS) operators, manufacturers,
regulators and researchers alike have been focusing attention on the development of Beyond Visual Line
of Sight (BVLOS) operational capabilities. As the potential for true BVLOS operations comes more plausible
and possible in Canada (and around the world) it is apparent that operators will look to gain efficiencies
and enhanced capabilities achievable through applying increased automation (a.k.a. autonomy) to aircraft
operations. Although technical and regulatory challenges remain, research, experimentation and
development are already rapidly evolving to focus on autonomous operations of UAS through to larger
platforms, including crewed aircraft and Optionally Piloted Vehicles (OPV). In the area of certification,
autonomous aircraft operations present a complex challenge in a number of domains. Certification
approaches traditionally applied to aircraft may not be well suited for autonomous systems without
revision. For example, with increasing levels of automation, tasks traditionally performed by the pilot
(such as specific types of decision making) could be assigned to an autonomous agent. Thus, regulations
that are currently specified for operations or pilot certification may require a complementary certification
stipulation. The potential for non-determinism in the decision-making process of autonomous algorithms
presents an equally challenging topic for certification.

The NRC has commenced a large multi-year research project focusing on the development of a vertical lift
autonomy demonstrator through collaborations with other government departments (specifically DND),
a major OEM along with a number of Canadian academic institutions and Small to Medium Enterprises
(SMEs). This project is entitled the Canadian Vertical Lift Autonomy Demonstration (CVLAD). The objective
of the project is to demonstrate autonomous vertical lift flight technologies, evaluate technology maturity
levels, provide insight into concept development and operations of autonomous vehicles, and to create
an Autonomous X-Aircraft capability to support on-going development of autonomy in Canada. The
autonomy demonstration project affords a unique opportunity to gain insight into the certification
considerations applicable to autonomous aircraft, beyond a simple literature survey but rather as part of
the research and development of full-scale autonomous flight systems. As a result, a Canadian
Certification of Autonomous Flight Systems (CCAFS) Working Group (WG) has been formed between the
TCCA’s RPAS Task Force, the DND’s Directorate of Technical Airworthiness and Engineering Support
(DTAES) and NRC to focus the benefits of this autonomous research into the regulatory domain. The
overall objective of this work is to provide information and data to support and guide TC and DTAES in the
creation of new, or amending existing, regulations which would support the certification of autonomous
flight systems. In particular, this activity should support TC and DTAES in developing a set of performance-
based airworthiness requirements for autonomous flight, along with the associated means of compliance.
This effort will take multiple years to complete and will be based upon experience and expert knowledge
gained through the development of autonomous flight systems as part of the on-going research at NRC
related to autonomous flight systems.

In FY 2022-2023 the autonomous flight system research focused on system design, algorithm
development, as well as development of test techniques to assess autonomous flight systems.

14
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The main activities conducted in FY 2022-2023 are;

e Co-Lead the CCAFS WG, along with co-chairs from TC and DTAES.

e Investigate the human role in limiting behaviour of adaptive/non-deterministic
systems

e Continue the pilot intervention time study

e Development and evaluation of flight test techniques for assessment of
autonomy

o Perform the pilot task analysis of CVLAD build Il architecture

e Report on autonomy envelopes

e Develop a report on trust of autonomy

Publications

e (Canadian Certification of Autonomous Flight Systems Working Group (CCAFS WG) — Summary
Report FY19 through FY22 (hyperlink)

Noise (9)

The utilization of Remotely Piloted Aircraft Systems (RPAS) has significantly increased over the years. New
applications such as package delivery, medical supply, or urban videography are leading to an increase in
the use of such aircraft systems particularly in dense urban city centres. For RPAS use to be sustainable,
sound levels may have to be kept near or below the region’s usual background noise levels. This can vary
considerably from large city centres to suburbs to rural areas. Further, studies have shown that noise
pollution from RPAS can potentially be a significant barrier to public acceptability, suggesting that future
noise regulations may have to take social acceptance into account, i.e., not just safe noise levels, but also
noise annoyance and human perception.

Currently, it is not clear what level of noise regulation will be required for RPAS as these systems can have
a wide range of noise source characteristics due to different fuselage designs, propulsion configurations,
weight, and flight modes. Characterizing their noise in a standardized way is challenging, but will be key
to ensure sustainable operation. The work performed in this FY2022-2023 project consists of a literature
review on RPAS noise that is of relevance to the development of noise standards for lightweight and small
(MTOM < 150 kg) multi-rotor RPAS. In addition, the review will also identify shortcomings of current noise
standards (e.g. ICAO standards for helicopters) and propose some guidance for future standards that are
relevant to RPAS with a particular consideration given to human noise perception, sound annoyance, and
societal acceptance.

Publications

e FY23 report (Hyperlink)
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International Committees Engagement
NRC Aero researchers active on the abovementioned projects are currently involved in the following
related committees:

e AHS: Handling Qualities

e ASTM: AC377

e ASTM: F38/WK62668 DAA

e |SO TC20/SC16 Std council Canada

o NATO: FT 3 Flt Test Tech Team

e NATO: Rotorcraft Modelling

e RTCA: SC-147 TA&CAS

e RTCA: SC-228 MOPS UAS

e RTMAC

e RTMAC System Engineering WG

e SAE: G10 — Aero Behavioral Eng.

e SFTE/SETP eVTOL Flight Test Committee

Research Funding Mechanisms

R&D funding mechanisms are explored as a way to help encourage research to be done by industry and
academia,

CRIAQ
TC and NRC worked with CRIAQ to perform a fourth call for RPAS projects in the 2022-2023 fiscal year.
The objective was to use CRIAQ’S network, and CRIAQ would sponsor projects to be performed by

university and in industry. The research areas proposed by TC-NRC correspond to “enabling technologies”
for BVLOS operations.

In total, 12 Organizations submitted project ideas. The call for proposals that went out is presented in
Appendix 1 of this report.

NRC IRAP

Collaboration with the National Research Council-Industrial Research Assistance Program (NRC-IRAP) was
significant in the current fiscal year. IRAP Aerospace Sector Team Lead at IRAP were very involved in the
CRIAQ Call for Proposals.

Conclusion

The strategic partnership between TC and NRC continued in FY2022-2023, with the delivery of scientific
data supporting regulation development in the priority areas.
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This progress report is a living document which has a main objective to provide a yearly high-level update
on the TC-NRC collaborative RPAS research effort. For more details, the reader is invited to consult the
reports generated by each research project.
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Appendix 1, 2022 CRIAQ-NRC-TC RPAS Call for proposals

Program Details & Objectives

CRIAQ is organizing a fourth call for project ideas on Remotely Piloted Aircraft Systems (RPAS)
technologies in collaboration with the National Research Council of Canada (NRC) and Transport Canada
(TQ).

This program aims to identify innovative technology ideas and collect scientific data that will support the
development of regulations, test methods and certification methods of compliance that will enable the
safe operations of RPAS (also known as UAV or UAS) in Canada.

CRIAQ will support Transport Canada and NRC in the deployment of a research and development
program on RPAS, using their networks with the objective of:
Promoting collaborative research activities to support the development of the Canadian
regulatory framework.
Supporting other key initiatives as required.

This year’s theme is looking at technologies development and/or demonstrations that will enable Beyond
Visual Line of Sight (BVLOS) operations of RPAS. Interested industrial partners are invited to submit a
project idea in collaboration with research partners for the “Beyond Visual Line of Sight (BVLOS) Enabling
Technologies” theme.

Details on project funding

This program does not guarantee access to funding for your project; funding will need to be secured
through a specific funding program.

Applicants who receive a positive evaluation of their project idea will be provided with contact
information to local funding agencies by CRIAQ.

Submission Process:

For this Call edition, all applicants are invited to pitch their project idea in front of the evaluation during
the RDV Forum 2023 to be held on February 14th and 15th in Montreal.

Please note that the participation at the event is not mandatory for the project selection. It is, however,
recommended to find project partners, meet the committee and network with your peers.

For each proposal, please follow the link below to complete the submission form(s) by December 9th,
2022: Please click here. For more information, please contact projets@criag.aero with the Subject « RPAS
Call for Project Ideas »

Application submission and approval process

All project ideas will be evaluated by a joint committee composed of representatives from CRIAQ, the
NRC and TC. CRIAQ will act as the contact point for receiving project ideas and coordinating the initiative.
All Quebec-led projects dealing with Technological Readiness Level (TRL) 2 to 6 and meeting CRIAQ
criteria will also be invited to follow the CRIAQ process**. Project teams may also make direct contact
with other Canadian funding agencies if they meet their eligibility criteria. Depending on the content of
the final project plan, Transport Canada may act as an advisor or observer of the project.

Eligibility Criteria:
18
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Projects must address the theme BVLOS Enabling Technologies.

Project ideas must be submitted by an industrial partner.

Industrial partners must have an R&D presence and/or manufacturing facility in Canada, and
operations in Canada must be able to commercialize the R&D results of the project.

The industrial partner(s) must have an annual sale and/or annual investments of $500,000.
Intellectual property arising from the project will be managed by the project participants, as
CRIAQ-NRC-TC does not claim or manage intellectual property rights.
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Appendix 2, NRC Aero - TC RPAS TF collaborative research update

el 5o ot

Summary

Based on R&D conducted in FY 21-22

Presented by Charles Vidal (NRC)
Prepared by Carlos Ruella (TC) - October 2022

RPAS R&D Projects Reports

Canadi

RPAS TF R&D Mandate and Partners

— Provide R&D data that supports
regulatory and policy framework
development.

— TC is collaborating with the FAA and FAA
Assure to share R&D data and reduce
duplication of research.

= TC is working with the '‘National
Research Council Canada' (NRC) to
perform R&D to support the regulatory
development for RPAS operations.

— The within Transport
Canada supports the growth of applied
and technology R&D.
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RPAS TF Current Research Areas

TC and the NRC have identified these T areas as the RED shorl term pricrities, in ordar 1o fll the
existing gaps to create BVLOS regulations:

RA&D Stranegy: BPAS Research Priarines
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ﬂ 2019 test setup L

Drone Impact Assessment (Part 25 windshield testing)

* General Description:

- Back in 2019 we assessed the impact severity of a drone against a
windshield of a Part 25 aircraft.

- Interest in repeating this experiment using a full size Part 25 cockpit,
also instrumenting the inside of the cockpit to better understand the
impact to the flight crew.

= Organizations Involved

DRDC — Funding and Technical Support
TC RPAS Task Force / TC NAC — SMEs
MRC — Project Execution
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s ﬁﬂ E E TASK =

Drone Impact Assessment (Part 25 windshield testing)

= Work executed;
- Cockpit of a Dash 8 was obtained to perform the testing during the current
Fy 22-23.
= Expected relevant results ;
— Better understanding of impacts with a maore realistic test setup
= Internal instrumentation will be placed to assess the amount of glass shed
and its impact on the pilots

LIMCLY EE E ETAsK-;:
i

Airspace Modeling

+ General Description:

Development of statistical models of Canadian airspace using aircraft
track data provided by NAV Canada. The project is comprised of 3 phases
to be completed by March 2023,

* Organizations Involved:

TC RPAS Task Force — Research coordinator
MRC — Research coordinator

MAY Canada = SME and Data support
Carleton University — Project Execution
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URCLE
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Airspace Modeling (Phases of the project)

™,
. Phase 1 o r'/ Phase 2 b . Phase 3 o
= Sensor ooverape analysis + Mefrics astabbshment
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Human Injury Severity
= General Description:

To support the development and amendment of injury criteria for small
RPAS to human impacts. Also to investigate how vulnerable
populations respond differently during RPAS head impacts.

This phase focussed on further validating the small female human head-
model, looking at the head response of children and developing a new
sRPAS model to study

Organizations Involved:

TC RPAS Task Force — Research coordinator
MNRC = Research coordinator

Western University — Project Execution
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Human Injury Severity

+ Testing executed:
- BExtensive literature review conducted

- Identified cadaveric data appropriate for
small female model validation

- Mid-report is primarily focused on describing
cadaveric literature that is suitable for model
validation.

* Relevant results : 1

Preliminary validation in terms of brain
displacement showed that the small female
model was valid in demonstrating brain motions
and could be reasonably justified as being
appropriate to study brain strains

b
4

L ] = o i L e il
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RTM Trial Support

+ General Description:

As part of our R&D program we collaborate with the NRC to support the
execution of the ongoing RPAS Traffic Management (RTM) trials.

1. Analyze the data coming out of the trial participants to validate it
and provide the Task Force with a summary report

2. Develop a simulation tool to asses the interaction of the different
services present in the RTM environment

Organizations Involved:
TC RPAS Task Force — Research coordinator
NRC - Project execution
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s ﬁﬂ E E TASK =
RTM Trial Support

« Work executed:

— MRC reviewed the data coming fram the RTM trial participants.

= The "“RTM simulator® has a modular structure that will allow users 1o easily simulate
the differant modeled RTM services (work in progress), or interface their swn
particular service implementations, and change/monitor their behaviours as
reguired,

— With the architecture of the simulation complete, the specific services can be
designed and incorporated.

Onboard DAA NRC / TC trials

+ General Description:

The purpose of these trials is to evaluate the performance level of Non-
Cooperative, airborne, DAA systems. This trial is targeted directly at
DAA systems manufacturers.

Trial participants:
Iris Automation (Onboard camera based DAA system, 360deg FOV)
Echodyne (Cnboard radar based DAA system)

- Fortem Technologies (Onboard radar based DAA system)

* Organizations Involved:

TC RPAS Task Force — Research coordinator

MRC — Project execution

DAl Manufacturers = Provide a loaner system for testing

25



UNCLASSIFIED / NON CLASSIFIE

Onboard DAA NRC / TC trials

+ Testing Strategy:
= MRC and TC establishing a test plan
— The DAA systams are installed an the Ball 205
surrogate RPAS host
— 2 NRC aircraft will pose as the surrogate traditional
aviation inktruder:
o Jet Renger
o Harvard
— Al aireraft are fully instrumented to provide high
quality truth data
Ball 205
+  Work Executed :
- Last FY all 3 DAA systerms were integrated onto the
Bell 205, and the airworthiness clearance was given
to conduct flight testing.
- The DAA performance testing is happening during
summer/fall 2022, fix wing intercepts were
completed.

SR
o

Drone Propeller Icing Tolerance

+ General Description:

Further assessment of RPAS rotor in icing conditions was
performed. The focus was on development of guidance
materials and future regulations/standards related to flight
in icing conditions.

+ Organizations Involved:
TC RPAS Task Force — Research coordinator
TC NAC = SMEs

FAA — SMEs reviewed test planning
MRC — Project Execution
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Drone Propeller Icing Tolerance

« Relevant results :

— In general, it was observed that there is an improvement in thrust performance at -
5 C compared to -12° C

— For freezing drizzle, thrust values were maintained beyond the 122 second limit

= For freezing rain, dependent on precipitation strength and temperature, in some
cases the thrust is significatively reduced before reaching the theoretical limit of 122
seconds

= Applying different size gnt roughness to the leading edges demanstrated the ability
to emulate only some of the results from icing testing

= Mare results and graph will be availakle in the final publicly available repart

-

-_—
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Urban Airflow

+ General Description:

The purpose of this multi-phase
project is to support Transport
Canada (TC) with the development of
knowledge and tools to promote
RPAS operator awareness and safety
assurance for flight within the urban
environment.

* Organizations Involved:
TC RPAS Task Force = Research
coordinator

MRC — Project Execution
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Urban Airflow

+ Testing executed:

Wind tunnel testing to evaluate the flow-fields of four
urban medels to determine the magnitude and
locations of extreme airflow featuras identified as
potentially hazardous to RPAS operations

Wind tunnel testing of five off-the-shelf small RFAS
which were evaluated for flight stability for a range
of turbulence

Preliminary 2.5 safety margin, i.e, an RPA that can
fly safely at 25km/'h clean flaw winds, should nat be
flawn in a city whan winds are reported over 10kmh,

fah Mawic b Mavic I O ENVO 11 Dual  idi Phantom 4 Pro ) Makrice UKL
Ml ity P
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Certification of Autonomy

+« General Description:

— Study on how to accredit andfor certify flying systems with higher levels of
autenamy

— Long term project 2018-2024

— NRC researchers drafted documents and proposals that were then
discussed within a multi-disciplinary working group.

+ Organizations Involved

TC RPAS Task Force = Research coordinator [ SMEs
TC NAC = SMEs

DND DTAES — SMEs

NRC - Project Execution

FAA — SME participating in working groups
MNASA— SME participating in working groups

n 18
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Certification of Autonomy

+ Overall Objectives:
= Autonomaous obstacle (air, ground, static and dynamic) detection and mapping
— Autonomaus Path Planning (Deterministic & Mon-Deterministic)
= Autonomy in Human-Machine Teaming
— Development of Flight Test Techniques to assess autonomous flight
systems capabilities/performance

* Relevant results FY 2022 :
- Summary report, this will get publehed and will summarize the work done in the past 4 years
= Human Raole in Limiting Adaptive ND - Litterature Survey
- Pilst Intervention study
= CWVLAD test plan open and dose loop, including a prefiminary flight test report
- System safety assessment updated
= Trust in autonomy updated document
- Thaese reports and presentations are the basis for the next years work.

UNECLE
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TC/NRC Published reports

+«  One of the main goals of our R&D program is to publish our results and share
them with the international community to avoid duplication of effart.

+  Reports/papers already published online;

[Cperaior guidance ]

+  The folcwing reporis ang under raviaw and showd be published online span
= LookMoih/TCMARC DA triak report coming soon
- RPASIONg report
—-  Certicaton of AURDnomy Sumimany Repo (describing 4 vears of work)

- 20
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For any additional guestions regarding the Transport Canada RPAS Task
Force R&D program, please contact Carlos Ruella:

Canada

Bl 1 (RiSk
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Appendix 3, NRC Aero IAM Program presentation

MG ChIC

1 HRC.CAMNADACA

INTEGRATED AERIAL
MOBILITY PROGRAM ;

Charles Vidal, Program Leader

Ali Benmeddour, Operating Environment Technology Lead
Behnam Ashrafi, Integrated Design Technology Lead

Derek Gowanlock, Flight Autonomy Technology Lead

Bell i trmsres : l Canadi
The National Research Council
of Canada

The MRC is Canada’s largest federal R&D organization
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Diedivar poicy sokfians for govamment

3,700 1,000 $1B 7,500

grienfists COMpAanies arral ZME
ENginears with R&D budget dients
ard technicians collaboralians
100s

af mational and inlemaional pariness

a*ew :

31



UNCLASSIFIED / NON CLASSIFIE

Aerospace Research Center
Laboratories / Programs

fgrodynamics Lab  Asrospace Manufacturing  Flght Research Gas Turbine

Te Cenber materials FPeformance
ﬂﬂmﬂ-‘f n Laboratory e Laboratory
b Integrated 'f Loy Efriis giod .ﬂmsp&tt?rudurll:lnehpnwnk
“harist I'Inhllll'.u Avlation Program & Cortification e

IAM Program Objectives

Goal and Objectives

Support the ecosysiem and grow Canada's indusirial
capabilities in the strategic and global Advanced Air
Mobility market.

NRC Mandate:
Supportbusiness &
innovation - =
Advance scentific and £
technical knowledge —— A
Caliver palicy salubans ORI
far gavermiment g
ddvance nachi
b technologies
Advanced Aerial Mobility application spectrum
Mobility of:
ﬁ{’- E
. r
& e
Services Cargo Feople

Commercial and security/defence

Integrated Aerial Mobility (I1AM)
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IAM Program Scope

[ |
W Auionosy

Hamza Aba &l &lls Derek Gowanlack

Multk-yeargoals

+ Davelep expanmental and
computational Modelling and
simulation capabilibes and tools for
Al

# Characterze RPASicing and
develop effective ice detection and
e pratectan technologies

# Evaluate exirems arflows within
Canadian cities and invesbgate
stabdty limits and suitability of

Operating
Environment navel cantral systems

r Datermine small RPAS airta-air
and arde-grownd calllsion mpest
for safe cperations in civiian
arspace and populated areas

A Thiee year project:

Project summary — RPAS in Urban Airflow

R1 YE Za — Urban Alrfiow YEAR 2b - RPAS

A MO TUMMEL | A WIND TUNNEL TEST

— 1
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RPAS in Urban Airflow

Urban airflows — Canadian city evaluation:

Drone cannon facility 200

+ Unique “super cannon” has
bean developed at NRC in
close collaboration with
Transport Canada & Defence
Research and Development
Canada

Drone cannon facility @@@

« Impact testing has been
conducted on selected
aircraft components
(part 25 and part 23)

Ceasna 172 companans
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Drone cannon facility
For full scientific reports: nrc-publications. canada.ca

Experimental resulls being used

by Transport Canada to develop
regulatory framework and guidelines
for the operation of UAYS in the
Canadian airspace

Experimental database used to validate
and fine-tune numerical simulations at
MRC and international partners

Current work s focused on lethality
assessment for drone impact on part
25 windshields

Icing of small RPAS propellers ot
& ice risk mitigation for RPAS 000

leing of amall RPAS propellers

+ Development of a testing capability
for small props

+ Invesfigation of tolerance for icing 3 L i =
of small props. at high RPM F B |
E H"-Hﬂ.l
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Icing of small RPAS propellers s
& ice risk mitigation for RPAS 000
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lce risk mitigation for RPAS

+ Formulation of novel, erosion resistant
slippery polyurethane (SPU) lcephobic
coatings

it tomrnn wrngreirh

« Characterization of hydrophobic, icephohic
and sand erosion resistance properties of
SPU eoatings

Dewlopment of kghtly durade cephabic
3 atings for RPAS
« Formulation of low thermal conductivity S

{low-TC}) SPU coatings (ongaoing)

+ In-flight demonsgtration of icephobic coating
technology (NATO AVT activity, cngoing)
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Drone rotor icing facility

Unique drone facility for testing medium
to large rotors in icing (12-36" diameter)

« Calibrated environment in cold room to
simulate drone in-flight icing encounters

« Test stand measures rotor performance
as ice bullds on blade surfaces

Drone rotor icing facility @@@

Results ovarview

« Small and large drop (freezing rain)
icing conditions achieved

« Drop size and water concentrations
infiuence rate of rotor thrust loss

« Facility description and test results
available at: nrc-publications.canada.ca

Ground collision human safety @@@

Investigated drone to head impact responses “.v(‘-gu_-rn

* Developed and validated a representative quadcopter

ey Toarsgsn  Tr
finite element model i1

faracd

+ Comprehensively investigated head responses and

various injury mefrics and supported wsing head injury
criteria (HIC) under frontal, lateral, and vertical impacts
+ |denfified differences befween average male and small
female, highlighting the need to protect vulnerable e e

population

. . [&tiwant (ranh Soeeares
« |dentified large structural effects related to drone design

a8 v
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Ground collision human safety | @@@

Coracw  Cowu

Ongoing activities Ju] [ T \-\"{!HI.{'I'II@

+ Investigating how vuinerable populations
such as children respond during colisions

« Investigating structural effects of a new
drone model

+ High-speed testing of drone impacl responses

B i

*e® =

Muitk-yeargoals

~ Develap and publically demanstrate
sale & efficient sutonomous flight
algarithms

# Develop Validation &
TestBenchmarking Techniguees for
differant levels of sutemated
sysioms

* Provide expert understanding of
Flight autancmy 1o enatie regulabian
4 devaelopment

Autonomy

inin Flight Comroly

ML Based Landing Zone |de on

Canadian Vertical Lift Autonomy
Demonstration - Project Objectives

Demonstrate kit based, advanced autonomous flight technology
onthe Bell 412 and CH147 Chinook

+ Reduce crew workload

* Provide Improvements to operational capability

« \ehicle life extension through envelope protection

« Research & Technology Development to TRLT

Link the demonstration to a viable production path

Create a Strategic Autonomy capability within Canada

*8® o
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Canadian vertical lift autonomy P —
demonstration (51

CVLAD hardware & infrastructure development

Fudonamy displays

Lurmribrd Cpal 3 Lidar Sutoromy & research

work stations
8%

Canadian vertical lift autonomy L P—
demonstration @0

CVLAD hardware & infrastructure development

& | Sutonomy inbegraled
e nio fighl simulation

Canadian vertical lift autonomy Pyt ey
demonstration (a1 e

CVLAD algorithm and software developmant

Aagonomy guidance
{20 in this exampla)

Mission management
& trgeciory planning

Trajeclory command imegration

WL-basid landing zonse ideniificaion WiELIOIN oty

Liddar Foim ¢houd exploiation
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Detect and Avoid

Airborne DAA Sensor Performance Eval [TC):
1. Echodyne EchaFlight Radar

2 Forem R20i Radar

3. Irs Casla X Opticad
Flight Test:
2 Campaigns (Bel 206 & Harvard)

A5 Intercepts Flown Ta Date

Toguer ! Dogrvmy Wt ss prar moke

Canadian Airspace Modeling

+  Objectives:
+  Ald the introduction of RPAS in Non-
segregated airspace by developing a

Canadian specific tool to assess collision risk Canadian
between RPAS and intruder aircraft Airspace
+  Develop models and methods to allow risk Model

assessment for RPAS with specific
performance envelopes in various airspaces

in Canada

Muft-year goals

» Merial Robotics:! Devedop aedial robatics
tachnologies far inspaction and
mairtananca of elevated siructuras and
sacunty applcatiang

» Cigunter Drone and RPAS Traffic
Managemaent (R TM] Davalop and
validate advanced Alenabled Countar

| r'l[E}r;rEﬂ I._—___'d drane lechnologas, and develop- o=
i implement new capabiliies o enable SR T
Aerial RTM in Canada and support raguiatian -

develnpmants

Services

» Advanced Remode Sensing Lulize an
irtagratad systam of sansors (9.0
hyparspectral, LIDAR, asromagnetics and
mFemmallR] o develop BVLOS
appkcations. implement acvanca
analyiics (=g, data fushon) Tor different
appkcations far natural and man-mada
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Contact Inspection and Maintenance
deployment from UAS

Technologioal Challenges

= Slaniiy

# Desderfy [ Precision posfBonmg
= Changing &G, Flight dynamics
* Coupled dynamics

Ongoéng Development [NRS)
= [HpCKIre M BRI

= Sermineg and Aulomanon

* Hew onboard manipaalons

Irespeacd {Rapair

BP&% perched on s HAPAS parchad on & BPA% daing an
wwrind swrhing hiade - wwind reshing hlade - d Sk s docking -
Ewgaaimantal ~ Similatian HIL Expezimanial

Concepd

Counter Drone and Target Detection

= Improvement of classification at far digtance
for small targets using meta data from
multiple sensors e.g., radar and PTZ camera

= Muliiple NATO conferences presentations
~ B Peer-reviewed |EEE papers (Conf and

Jeurnal)

» 2" Plage inan Internaticnal Competition
hifps:Awesdetc 20713 wordpress, comycommitie
af

T aew &

RPAS Traffic Management (RTM)

~ RATD to support roll out of RTM architecture
and network in Canada

= RTM Technotogy Measures of Performance -
Guideline for Trials

#~ RTM software development for multiple drone

# Algorithm developments- Optical-based object
detection systems and collisien avoidance
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IAM — Remote sensing and
advanced analytics

UNCLASSIFIED / NON CLASSIFIE

Integrased aerisl sanvices

006

UJav-thermal based heat loss determination

-
(CFB Gagetown and Kingston) S
Emerging technologies for monitoring and
Managing water levels around rallway tracks

(NRC's automotive and surface transportation/ Ly thermal LAY Hyperspectral
Transport Canada)

Uay hyperspectral for climate change
research (Canadian Airbome Biodiversity
Observatory =CABO)
Ual: PhotogrammearntryRGEILIDAR

Development of data fusion algorithms

it year goals

= Imegrated AN Cabin Praject Muli-
nbjective oplimization and projotype
marafac oring of a subfioor and side floor
cabin structurs

L]

Malse redicticn and Urkan Air Makaty
Propulsor Aeroacousties Develop and
demorstrale low-noiss LGN propulsion

Do pociami; fes’ By

Integrated
Design

y

Law-grder simulmicns af Mying tad
solutions Fradicion of sermdynamic
performance of UMM configurations and
rohors

= Specialized Propulsicn Facilites

Integrated design oo

Moise reduction

+ UAM specific acoustic testing facilities

+ Low nolse propulsion technologies - < b
computational optimization and d
expermental validation Anechaic crhambes Al aphrmization

Propulsion

+ Specialized propulsion facilifies

+ LAM propulsion systems sea-level
& altitude testing

Afitude tesling
89
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Low-order simulations of flying taxi . AN
solutions for the IAM program eeco

+ Development of quick asrodynamic
analysis prediction tools for air mobility
configurations. including propeller

rotor slipstreams il
« Automation for variable positioning,
lited wings or propelier nacelles
\
L
Ratating propeliars - /
\
*ee®
Low-order simulations of flying taxi i
solutions for the IAM program oo

Ongoing activities

+ Investigation configurations
with coaxial and ducted fans =

- Investigation propeller m. TS E;“‘H
performance in ground effect 'mw‘m mr

a9

Detailed conceptual design | AN,
of a UAM (phase 1) e oo

« Created and utiized an iterative
component sizing and mass
calculation code

+ Selected components (batteries,
motors, etc. ) that fulfil the power
and mass requirements

Selected cabin lyoul
Tor concepiua design

® Queens smMED

UMIVESSITY P s e
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Detailed conceptual design
of a UAM (phase 1)

Airframe configuration

+ Performed stability analysis on
10+ unique concepts

* Produced detailed CAD
interpretation of proposed design

© Queens SMED

UHINEREIT e

THANK YOU

Charles Vidal, eng.

Program r, Integrated Aerial Mobility (LAM)

Charles.Vic C.ca

nrc.aerobdt-edaaero.cnrc@nrc-cnre.

4] [errfemw Codvwn
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e

CAD randenng

"9

HRC.CAMNADACA
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