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Abstract 

This paper presents a piloted simulation study aimed at assessing the practicality and usability of minimum-

energy conversion and reconversion trajectories and flight control system for vectored-thrust eVTOL aircraft 

when flown by flight-naïve operators. The investigation evaluates whether such energy-optimal profiles can be 

feasibly and effectively tracked using manual control, both with and without visual target command guidance. 

Objective performance measures based on Flight Test Manoeuvre (FTM) criteria and eye-tracking metrics, 

combined with subjective assessments of NASA Task Load Index and specifically designed comfort ratings, 

were employed to quantify task performance and cognitive workload. The results demonstrate that minimum 

energy transitions are generally flyable by up to untrained users, particularly when aided by the proposed 

target command guidance system, which yielded a 92% compliance rate with the FTM desired criteria (Level 

1) handling qualities (HQ) across participant groups. The study further identifies that cognitive workload and 

HQ were influenced by control sensitivity variations during conversion, and by the prolonged tracking of incre-

mentally changing target commands during reconversion. In response, design recommendations are proposed 

to enhance pilot usability with potential trade-offs in the fundamental energy efficiency objectives. These find-

ings contribute to the ongoing development of pilot-autonomy interaction strategies and transition guidance 

systems for next-generation AAM vehicles. 

 

1. INTRODUCTION 

The emergence of eVTOL aircraft signifies a trans-

formative shift in the evolution of the AAM aviation 

sector [1]. Within the eVTOL design space, vectored-

thrust and LPC configurations have gained promi-

nence due to their superior cruise efficiency and ex-

tended operational range compared with multicopter 

architectures [2]. These performance advantages are 

especially important given the present limitations in 

battery energy density and power capacity, which re-

strict mission endurance and payload capabilities of 

electric propulsion systems [3]. However, the adop-

tion of compound eVTOL configurations introduces 

the need for a transition phase between hover and 

forward flight-encompassing both conversion and re-

conversion manoeuvres, which entails unique control 

challenges not encountered in single-regime aircraft. 

These flight phases require complicated control chal-

lenges that diverge from those observed in single-

mode aircraft operations. While prior research has 

addressed the dynamic characteristics and control 

law requirements during these transitions [4-5], the 

derivation of energy-optimal transition strategies re-

mains highly dependent on vehicle-specific parame-

ters and design constraints. 

Several recent studies have explored energy-optimal 

trajectories and power-efficient transition profiles for 

various tilt-wing and tiltrotor eVTOL configurations [6-

9]. These approaches commonly employ optimisation 

techniques to minimise energy consumption during 

mode transitions while satisfying flight envelope con-

straints. Nevertheless, whether such optimal transi-

tion profiles are tractable and flyable by human oper-

ators, particularly by flight-naïve individuals not yet 

been thoroughly evaluated. The practical realisation 

of energy-optimal performance in piloted scenarios 

remains an open question. 

From an operational standpoint, human-in-the-loop 

control will remain essential in the near term, because 

full-scale autonomous eVTOL deployment is unlikely 

before 2035 due to regulatory challenges [10]. Con-

sequently, research into Pilot-Automation Interaction 

(PAI) is of growing importance to characterise the 

spectrum of pilot-autonomy relationships under vary-

ing levels of automation [11]. This study situates itself 

within a PAI-1 to PAI-2 boundary, where the pilot is 

responsible for manually tracking command cues with 

limited augmentation. The current study operates 

within a regime below PAI-2, where pilots are respon-

sible for manually tracking target command guidance 

with only intermittent assistance from automated 



control modes. However, the behavioural dynamics 

between pilot responses and system-provided guid-

ance cues under energy constraints, particularly for 

flight-naïve participants, remain insufficiently investi-

gated. 

Existing work from the EU MyCopter project [12-13] 

identified Acceleration Command Speed Hold (ACSH) 

as a preferable control response mode for flight-naïve 

operators, especially in personal aerial vehicle (PAV) 

and transition flight contexts, offering favourable HQ 

ratings. This response type is increasingly prevalent 

in eVTOL control architectures [11], though ergo-

nomic and cognitive challenges may persist. Although 

fixed-base simulations have demonstrated accepta-

ble performance in precision control and low-speed 

flight tasks using ACSH response types [14], the re-

sponse was not less intuitive for the professional test 

pilots. The research test pilots required more practice 

to achieve proficiency, particularly when compared 

with conventional attitude rate control system. Re-

sponse type has also been shown to influence pilot 

delay and compensation behaviour [15], reinforcing 

the importance of evaluating cognitive workload and 

attentional demand in ACSH-based systems. To mit-

igate these challenges, prior work has explored optic 

flow and tau-based guidance to support landing tasks 

for flight-naïve pilots under ACSH response condi-

tions [16]. Even though comprehending a pilot’s cog-

nitive workload is fundamental to the piloted flight 

simulation [17], no study has yet quantitatively exam-

ined visual attention or cognitive workload, particu-

larly during the conversion and reconversion of vec-

tored-trust aircraft operating under minimum energy 

conditions. 

To address these research gaps, the present study 

investigates whether flight-naïve participants can 

successfully execute minimum-energy conversion 

and reconversion manoeuvres using guidance-based 

control. Performance is assessed through both objec-

tive metrics, including FTM-based evaluation criteria 

and gaze-derived attention measures, and subjective 

metrics such as NASA TLX workload ratings [18] and 

a specially designed five-item comfort scale devel-

oped with the assistance of the Human Factors team 

at Cranfield.  

The remainder of this paper is organised as follows. 

First, the experimental setup and simulation environ-

ment used to capture pilot trajectory performance are 

presented. The subsequent section presents the pi-

loted evaluation results under both guidance-assisted 

and unguided conditions. This is followed by a discus-

sion of the implications for flight-naïve pilot usability 

and eVTOL system design. Finally, the paper con-

cludes with a summary of key findings and implica-

tions for future research. 

 

2. AIRCRAFT MODELLING DESCRIPTION 

2.1. Aston Martin Volante Vision 

The Aston Martin Volante Vision Concept model, il-

lustrated in Figure 1, is adopted as the research air-

craft in this thesis. This concept design was devel-

oped in collaboration with Cranfield Aerospace Solu-

tions, Cranfield University, and Rolls-Royce. Its con-

figuration parameters and performance metrics are 

summarised in Table 1. 

 

Figure 1 Aston Martin Volante Vision concept. 

Table 1 Volante Vision aircraft configuration parame-

ters. 

Characteristic Imperial Metric 

Max gross weight 3,306 lb 1,500 kg 

Roll inertia, 𝐼𝑥𝑥 1,230 slug ft2 1,668 kg m2 

Pitch inertia, 𝐼𝑦𝑦 4,484 slug ft2 6,079 kg m2 

Yaw inertia, 𝐼𝑧𝑧 5,700 slug ft2 7,728 kg m2 

Product inertia, 
𝐼𝑥𝑧 

−125 slug ft2 −169 kg m2 

Passengers 2 to 3 pax + 1 crew 

Wingspan 28.0 ft 8.5 m 

Length 31.0 ft 9.6 m 

Height 5.6 ft 1.7 m 

Range 162 nm 300 km 

Service ceiling 3,000 ft 914 m 

Cruise speed 121 kt 224 km/h 

Max speed (at 
cruise) 

173 kt 320 km/h 



The aircraft ducted rotor is positioned aft of the cock-

pit and features an electrical RPM control with a fixed 

blade pitch angle. The forward tilt rotor pairs are 

counter-rotating and can be tilted forward and back. 

The aircraft is equipped with canards, and trailing-

edge elevons on the main wing are provided. Moreo-

ver, the aircraft features rudders on the fin. 

2.2. Aerodynamic Modelling 

Figure 2 illustrates the modelling summary of the Vo-

lante Vision components. 

 

Figure 2 Schematic of the Volante Vision modelling components. 

The Athena Vortex Lattice [19] method is used to an-

alyse aerodynamic characteristics and derive the aer-

odynamic derivatives. The blade element momentum 

theory solver called QPROP [20] was used to predict 

the performance of the rotor thrust, along with semi-

empirical corrections for coaxial rotors [21], neglect-

ing viscous effects at high blade angle of attack. It is 

acknowledged that this ultimately degrades its fidelity 

when applied across the entire flight envelope. More-

over, considering that the predominant portion of 

downwash during the tilting phase occurs beneath the 

fuselage with minimal contact to the structure, the 

model disregards aerodynamic interference. The lift 

coefficient 𝐶𝐿 , drag coefficient 𝐶𝐷 , and pitching mo-

ment coefficient 𝐶𝑀  are modelled in Equations from 

(1) to (3) based on the reference [22]. In these equa-

tions, 𝐶𝐿0
 is the zero-lift coefficient, an 𝐶𝐿𝛼

 is the lift 

curve slope. 𝐶𝐿𝑞
 and 𝐶𝐿𝜂

 are lift coefficients due to 

pitch rate (𝑞) and elevon deflection (𝜂), respectively. 

𝐶𝐷0
 is the zero-lift drag coefficient, 𝐾 is the lift-induced 

drag coefficient factor, 𝐶𝐷𝜂
 is the drag coefficient due 

to 𝜂, 𝐶𝑀0
 is the zero-lift moment pitch coefficient, 𝐶𝑀𝛼

 

is the pitching moment slope. 𝐶𝑀𝑞
 and 𝐶𝑀𝜂

 are pitch 

moment coefficients due to 𝑞 and 𝜂, respectively. To-

gether, these equations represent the aerodynamic 

coefficients as functions of the angle of attack 𝛼, pitch 

rate 𝑞, and elevon deflection 𝜂. 

𝐶𝐿 = 𝐶𝐿0
+ 𝐶𝐿𝛼

𝛼 + 𝐶𝐿𝑞
𝑞 + 𝐶𝐿𝜂

𝜂 

𝐶𝐷 = 𝐶𝐷0
+ 𝐾𝐶𝐿

2 + 𝐶𝐷𝜂
𝜂  

𝐶𝑀 = 𝐶𝑀0
+ 𝐶𝑀𝛼

𝛼 + 𝐶𝑀𝑞
𝑞 + 𝐶𝑀𝜂

𝜂 

(1) 
 

(2) 
 

(3) 
 
 

2.3. Control Mechanism 

Figure 3 shows longitudinal control effectors. In the 

low-speed hover configuration, both the ducted rotor 

and the tilt rotor pair collaborate to provide the neces-

sary lift. Pitch and heave control is achieved through 

the differential and collective adjustment of the ducted 

and tilt rotor RPM speeds. Transitioning from the 

hover configuration to the fixed-wing aircraft configu-

ration, and vice versa, is facilitated by varying the 

shaft tilt angle, 𝑖𝑇, thereby changing the direction of 

the fore rotor thrust vector. This strategy also contrib-

utes to surge control. In the fixed-wing aircraft config-

uration, the lifting surfaces generate sufficient aero-

dynamic lift to support the weight of the aircraft. 

Hence, the ducted rotor becomes redundant, and for-

ward thrust is generated by the tilted fore rotors to 

move the aircraft. Moreover, in the fixed-wing 



operation condition, the main wing trailing-edge ele-

von is employed instead of the canard for pitch control 

in the fixed-wing aircraft configuration. 

 

Figure 3 Longitudinal control effectors of the Vo-

lante Vision. 

2.4. Actuator Dynamics 

Incorporating the additional dynamics of components, 

such as motor lag and control surface actuator dy-

namics, is essential to model the stability and re-

sponse characteristics of the aircraft augmented with 

FCS. Table 2 provides a detailed description of the 

model parameters for both actuator and motor dy-

namics.  

Table 2 Actuator model parameters. 

 Bandwidth 
(rad/sec) 

Value limit 
Rate limit 
(deg/sec) 

Tilt motor 10 0 – 95 deg 9 

Front mo-
tor 

10 
0 – 2500 

rpm 
 

Rear mo-
tor 

10 
0 – 1800 

rpm 
 

Elevon 30 ±30 deg 90 

 

The tilting actuator and motor lag dynamics are mod-

elled as first-order systems with a bandwidth of 10 

rad/sec, which is specifically selected to ensure that 

they are not intrusive in the overall system perfor-

mance. The elevon control surface dynamics are rep-

resented as second-order systems, with a damping 

ratio of 0.75 and a bandwidth of 30 rad/sec. This 

bandwidth was derived from electro-mechanical actu-

ator characteristics typically spanning from 3.5 to 8 

Hz [23]. Typical rate limits for control surfaces reach 

the full actuator range per second [24]. However, to 

mitigate the risk of Category II Pilot-Induced Oscilla-

tions (PIO) due to rate or position limitations [25], a 

rate limit of 90 deg/sec was imposed in elevon actua-

tor. A tilt rate limit of 6 deg/sec was implemented, re-

flecting HQ and minimum energy considerations, 

which are discussed in detail in the subsequent sec-

tions. 

3. THEORITICAL BACKGROUND 

3.1. Minimum Energy FCS Architecture 

Figure 4 presents the overview of control response 

types and effector usage across the hover, transition, 

and cruise regimes of a tiltrotor eVTOL aircraft, distin-

guishing between longitudinal-axis control (LC) and 

heave-axis control (HC) channels. The architecture 

includes inner-loop stability and control augmentation 

to achieve Level 1 HQs. Detailed FCS design can be 

found in previous study [26]. 

 

Figure 4 Overview of control response types and ef-

fector allocation. 

 

3.2. Minimum Energy Command Profiles 

Figure 5 presents the revised minimum-energy target 

command profiles for conversion and reconversion, 

updated based on the preferences and performance 

characteristics of flight-naïve pilots, in comparison to 

the baseline profiles in the previous study [9,26]. 

Both profiles incorporate a 0.2-second delay in the 

target command guidance indicator to compensate 

for pilot processing delay, as reported in previous 

studies [27]. Consequently, the actual target com-

mand is displayed with a 0.2-second lag relative to 

the current flight condition. In particular, the reconver-

sion schedule has been modified to feature a more 

uniform deceleration segment, reflecting findings that 

constant acceleration profiles are associated with re-

duced subjective workload according to NASA TLX 

assessments [16]. The target command profiles for 

both conversion and reconversion were formulated to 

minimise pilot workload such that precise tracking of 

the guidance symbol inherently results in minimum-



energy trajectories while simultaneously satisfying all 

desired performance criteria defined within the FTM 

evaluation metrics in Table C, which will be further 

discussed in the following section. 

 

 

Figure 5 Minimum energy target command guidance 
profiles for conversion (top) and reconversion (bot-
tom). 

 

4. EXPERIMENTAL SETUP 

4.1. Participants Background 

Participants consisted of 12 individuals from three 

distinct background groups, classified based on their 

prior flight or simulation experience, as summarised 

in Table 3.  

Table 3 Participant group classification by flight expe-

rience 

Group Experience Level 
Participant 
Identifiers 

A No flight simulation ex-
perience 

P1–P5 

B Prior flight simulation 
experience 

P6–P10 

C Certified pilots P11–P12 

 

Group A included five participants with no flight simu-

lation experience (P1 - P5), while Group B comprised 

five individuals with 2,770 prior average flight simula-

tion experience hours (P6–P10). Group C consisted 

of two certified fixed-wing pilots (P11–P12) with 7,250 

average flying hours. 

 

4.2. Flight Simulation Facility 

The Rolls-Royce Future Systems Simulator (FSS) at 

Cranfield University, shown in Figure 6, is a fixed-

base research simulator offering medium- to high-fi-

delity capabilities, developed to support advanced 

studies in flight deck design, human factors, systems 

integration (mainly engine), and the experimental as-

sessment of emerging aviation technologies within a 

controlled and repeatable test environment. Further 

technical details regarding the architecture, capabili-

ties, and implementation of the FSS can be found in 

the reference [28].  

The simulation inceptor hardware comprised a two-

axis left-hand side-arm controller, thrust levers, and 

rudder pedals. As the study focuses on conversion 

and reconversion manoeuvres, lateral and directional 

control interfaces were not actively employed. Addi-

tionally, an autopilot function was engaged to main-

tain constant height throughout the manoeuvres, 

thereby isolating the test subject's task to longitudinal 

control. Participants were primarily required to use 

the left-hand inceptor, depicted in Figure 6, to track 

the minimum energy conversion and reconversion 

target command guidance. This inceptor configura-

tion aligns with those adopted in previous eVTOL 

studies [29-31], including those conducted by NASA 

[11,32] and industrial developers such as Joby Avia-

tion, Archer, etc. [33]. 

 

 

Figure 6 External and interior views of Rolls-Royce 

FSS. 

 



4.3. Eye Tracking Device 

The eye-tracking data in this study were collected us-

ing a lightweight, head-mounted device designed for 

high-precision binocular gaze tracking in both natural-

istic and simulator-based environments, as illustrated 

in Figure 7 [34]. Specifically, the employed eye track-

ing device features a scene camera with a resolution 

of 1600 × 1200 pixels, a frame rate of 30 Hz, and a 

field of view of 103° × 77°. The system incorporates 

dual infrared eye cameras with a resolution of 

192 × 192 pixels operating at a sampling rate of 

200 Hz. It offers a spatial accuracy of 1.8° median an-

gular error without user calibration, which can be im-

proved to approximately 1.3° following a simple offset 

correction. The system also provides an intrinsic gaze 

stability noise of approximately 0.3° root mean square 

(RMS) during fixations. To evaluate pilot visual atten-

tion and cognitive workload during the conversion and 

reconversion manoeuvres, five specific eye-tracking 

parameters were selected: the number of blinks, and 

the proportion of fixation counts directed toward the 

target command guidance, pitch attitude and altitude 

indicators on the Primary Flight Display (PFD), and 

the external visual scene.  

 

Figure 7 Eye tracking device used for fixation and 

blink analysis. 

 

4.4. Development of Flight Test Manoeuvres 

Table C outlines FTM in the study and associated 

performance criteria for evaluating conversion and re-

conversion phases during level flight. Evaluation met-

rics include minimum time constraints for completing 

conversion and reconversion, terminal airspeed ac-

curacy, pitch attitude deviation, altitude deviation, etc. 

The criteria are categorised into desired and ade-

quate standards, reflecting varying levels of pilot 

workload acceptability and control precision. The task 

is conducted across hover, conversion/reconversion, 

and aircraft modes, and is designed to assess HQs 

such as stability, agility, and comfort under minimum 

energy manoeuvring conditions. The objective of this 

FTM is to evaluate the aircraft ability to execute level 

flight accelerations and decelerations via automatic 

rotor tilting, while maintaining height and heading 

throughout the manoeuvre. The manoeuvre descrip-

tion specifies two distinct phases: conversion from 

hover to cruise, and reconversion from cruise to 

hover. During conversion, the aircraft initiates a longi-

tudinal acceleration to reach 105 knots while holding 

altitude with a constant pitch attitude; reconversion 

follows the inverse sequence, decelerating from 

cruise to a stabilised hover. 

 

4.5. Target Command Guidance System 

For the assessment of manually flown minimum-en-

ergy trajectories, test subjects were provided with a 

PFD incorporating a target command guidance indi-

cator. Figure 8 illustrates the PFD interface used dur-

ing the conversion and reconversion FTMs. The min-

imum-energy guidance cues were integrated into the 

head-down display to simulate Instrument Meteoro-

logical Conditions (IMC). In good visual environments 

(GVE), the same guidance would ideally be pre-

sented on a head-up display (HUD) to support more 

effective pilot workload allocation. 

 

Figure 8 Head-down display used for conversion/re-
conversion FTMs. 

 

4.6. Procedure 

Table 4 summarises the experimental procedure and 

task timeline for the piloted simulation study. The pro-

tocol was structured into five sequential stages: Intro-

duction, Brief, Familiarisation, Flight Simulation, and 

Debrief, with an overall session duration of approxi-

mately 110 minutes. During the Introduction phase (5 

minutes), participants were asked to sign a consent 

form and complete a demographic survey. This was 

followed by a Briefing session (15 minutes), where 



participants reviewed the eVTOL model, flight control 

mechanisms, the PFD, and FTM involving conversion 

and reconversion. The Familiarisation phase (30 

minutes) allowed participants to conduct a practice 

simulation flight to become accustomed to the sce-

nario and controls. The main Flight Simulation task 

(30 minutes) required participants to perform the con-

version/reconversion FTM under experimental condi-

tions. Each participant completed three consecutive 

attempts, either with or without the target command 

guidance system at each, depending on the assigned 

test condition. In the absence of guidance, partici-

pants were briefed on the energy optimal profiles and 

the derivation of Figure 5, enabling them to regulate 

the current acceleration in an attempt to infer and fol-

low the minimum energy trajectory based on their un-

derstanding of the dynamics. This was conducted un-

der the supervision of both a flight instructor and an 

eye-tracking operator. Objective performance 

measures, such as task time and simulator-logged 

flight parameters, were recorded. In setups referenc-

ing prior research protocols, additional data such as 

eye-scan patterns, video recordings, and verbal pro-

tocol data were also collected. In the final Debrief 

stage (30 minutes), participants completed the 

NASA-TLX to assess perceived workload and a com-

fort rating survey, shown in Appendices A and B, 

along with qualitative feedback on their flight experi-

ence.  

Table 4 Experimental procedure and task timeline 
for piloted simulation study. 

Task Description Duration 

Introduc-
tion 

Participants are asked to 
sign a consent form and 
complete a demographic 
survey. 

5 min 

Brief Participants review the eV-
TOL model, flight control 
mechanism, PFD, and con-
version/re-conversion FTM. 

15 min 

Familiari-
sation 

Participants practice flight 
simulations for task familiar-
isation. 

30 min 

Flight 
simulation 

Participants perform con-
version/re-conversion FTM 
trials with or without target 
command guidance sys-
tem. 

30 min 

Debrief Participants complete 
NASA-TLX and comfort rat-
ing survey and provide 
feedback on their flight sim-
ulation experience. 

30 min 

5. SIMULATION RESULTS  

The primary objective of this study was to demon-

strate a conversion and reconversion flight profile that 

is both easy to perform and comfortable for the pilot, 

while also achieving minimum energy consumption 

as outlined in the preceding section. The results indi-

cated that all participant groups were able to success-

fully complete the conversion and reconversion ma-

noeuvres under the defined experimental conditions. 

This conclusion is substantiated by objective metrics, 

including the deviation from energy-optimal trajecto-

ries and cognitive workload indicators derived from 

fixation and blink parameters, as well as by subjective 

measures such as NASA TLX workload assessments 

and participant comfort ratings. The following section 

presents a detailed analysis of the results, accompa-

nied by discussions of key performance trends, work-

load implications, and the influence of guidance aug-

mentation. 

 

5.1. Comparison of Objective Ratings 

a. Conversion FTM Evaluation 

Figure 9 to Figure 16 present the piloted simulation 

results for the conversion manoeuvre conducted 

with/without the target command guidance system. 

The conversion profile is segmented into three char-

acteristic phases, denoted as P1, P2, and P3. Phase 

P1 begins immediately after the automatic control sys-

tem transitions into ACSH mode, aligning all partici-

pant results from a consistent initial condition. This 

phase corresponds to the initial acceleration seg-

ment, where the longitudinal acceleration increases 

up to approximately 0.2 g within the first 5 seconds. 

Phase P2 represents the intermediate segment of the 

manoeuvre, during which a nearly constant accelera-

tion is maintained to reach a cruise speed of approxi-

mately 105 kt. Phase P3 denotes the final segment, in 

which the pilot decelerates the aircraft to complete the 

conversion manoeuvre at the desired terminal air-

speed range according to FTM.  



 

Figure 9 Deviation error against minimum energy 
trajectory during conversion (C) FTMs with (W) and 
without (WO) target command guidance. 

As shown in Figure 9, the acceleration deviations 

from the desired command reference profile depicted 

in Figure 5 were small enough for the majority of test 

subjects to meet the desired criteria of conversion 

FTMs. Specifically, minimum energy conversion tra-

jectories flown with the target command guidance 

system demonstrated superior performance com-

pared to those flown without guidance. This was evi-

denced by reduced deviations from the desired mini-

mum-energy acceleration profiles and a higher level 

of compliance with the defined performance criteria 

outlined in the FTM specification. 

Figure 10 illustrates the mean longitudinal inceptor in-

puts applied by the three participant groups through-

out the conversion manoeuvre.  

 

Figure 10 Longitudinal inceptor inputs during conver-

sion introduced by 12 test subjects. 

During Phase P1, the majority of participants in-

creased their inceptor input to approximately 66%, 

which aligns with the inceptor input required to gener-

ate the target acceleration of 0.2 g, as shown in 

Figure 5. This anticipatory behaviour reflects partici-

pants’ understanding that the control interface dy-

namics include a rate limiter of 0.05 g/sec, and that 

prompt acceleration build-up is essential to align with 

the minimum-energy trajectory. 

It was Phase P2 where most of the deviation in Figure 

9  occurred, as shown in Figure 11. As Phase P2 be-

gins, any inceptor input resulting in acceleration 

above 0.2 g intensifies control sensitivity due to the 

steep segment of the conversion tilt schedule. Specif-

ically, beyond a rotor shaft angle of 55 deg, the sched-

ule is configured to produce a tilt rate of 6 deg/s only 

when acceleration remains at 0.2 g. If higher acceler-

ation is applied while the tilt schedule remains locked 

to airspeed, the resulting tilt rate exceeds the in-

tended 6 deg/sec and reaches up to 8.5 deg/sec, as 

shown in Figure 12. This elevated tilt rate increases 

control sensitivity, making the aircraft more respon-

sive to small inceptor inputs. This effect is visible in 

Figure 13, where some participants exhibited accel-

eration levels reaching up to 0.3 g during early Phase 

P2. This led to notable deviations from the desired 

FTM criteria in the unguided condition, as evidenced 

by the pitch attitude variations in Figure 14 and the 

acceleration discrepancies in Figure 11. The target 

command guidance system was shown to mitigate 

this effect by enabling participants to better regulate 

inceptor inputs and maintain acceleration closer to 

the 0.2 g target. 

 

Figure 11 Conversion profile comparison between the 

desired target command and piloted simulation re-

sults. 



 

Figure 12 Rotor shaft angle response during conver-

sion FTM across experimental groups with/without 

guidance. 

 

Figure 13 Acceleration response during conversion 

FTM across experimental groups with/without guid-

ance. 

 

 

Figure 14 Pitch attitude response during conversion 

FTM across experimental groups with/without guid-

ance. 

Moreover, the opposite issue becomes more pro-

nounced when modulating the inceptor input to re-

duce acceleration. This asymmetry arises because 

pushing the inceptor forward continuously lowers the 

rotor shaft angle, which contributes to increased 

acceleration. Consequently, pulling the inceptor back 

to achieve decreasing acceleration becomes less ef-

fective due to the altered control sensitivity induced 

by the changing tilt dynamics. This disparity in control 

sensitivity is reflected in Figure 11, where accelera-

tion deviations above the target were larger than 

those below. Such non-uniform sensitivity aligns with 

feedback, particularly from Group C, which noted that 

“current acceleration does not move linearly.” Once 

the shaft angle drops below 55 degrees in Phase P2, 

the tilt schedule transitions to a more gradual slope, 

thereby alleviating the control sensitivity issues ob-

served earlier in the manoeuvre. The observed im-

provement in control sensitivity and HQ associated 

with a lower tilt rate is consistent with the findings re-

ported in the reference [24]. 

In Phase P3, deceleration is applied to bring the air-

speed down to the FTM-specified terminal speed of 

105 kt (±2 kt). The steep slope of the tilt schedule 

does not exacerbate control sensitivity in this phase, 

because the declining acceleration inherently results 

in a reduced tilt rate. As shown in Figure 15, most 

participants, except for a few, especially in unguided 

trials, successfully met terminal airspeed targets. 

Throughout all phases, altitude remained within de-

sired limits due to autopilot height-hold engagement, 

referring to Figure 16. 

 

Figure 15 True airspeed response during conversion 

FTM across experimental groups with/without guid-

ance. 



 

Figure 16 Height response during conversion FTM 

across experimental groups with/without guidance. 

 

b. Reconversion FTM Evaluation 

Figure 17 to Figure 24 present the simulation results 

for reconversion FTMs, conducted with/without the 

aid of target command guidance systems. Each 

phase of the reconversion trajectory is segmented 

into three characteristic regions, labelled P1 to P3. The 

first region, P1, corresponds to the initial deceleration 

build-up, reaching approximately −0.12 g over a du-

ration of 20 sec. This is followed by P2, representing 

the phase of sustained constant deceleration before 

the aircraft approaches near-hover speeds of 5 kt. 

The final segment, P3, captures the termination phase 

of the reconversion manoeuvre, in which deceleration 

is further modulated to settle the airspeed at the des-

ignated terminal value. Overall, as shown in Figure 

17, the deceleration deviations from the desired com-

mand reference profile depicted in Figure 5 were low 

enough for test subjects to achieve the most desired 

criteria of reconversion FTMs. In particular, minimum-

energy reconversion trajectories flown with the target 

command guidance system demonstrated superior 

performance compared to those flown without the 

guidance symbol. This was evidenced by reduced de-

viations from the desired minimum energy decelera-

tion profiles and a higher level of compliance with the 

performance criteria defined in the FTM specification. 

 

 

Figure 17 Deviation error against minimum energy 

trajectory during Reconversion (R) FTMs with/without 

target command guidance. 

 

Figure 18 illustrates the mean longitudinal inceptor in-

puts applied by the three participant groups through-

out the reconversion manoeuvre. During Phase P1, 

continuously pulled back the inceptor for approxi-

mately 20 seconds, reaching around -40%. This tar-

get deceleration value corresponds to the inceptor in-

put required to achieve the target deceleration of -

0.12 g, as defined in the minimum-energy trajectory 

shown in Figure 5.  

Most of the deviation observed in Figure 17 is primar-

ily attributed to Phase P1, as corroborated by the trend 

illustrated in Figure 19. This is further supported by 

the wide variation in rotor shaft angle prior to reaching 

95 degrees, as illustrated in Figure 20, which reflects 

the differing deceleration command trends depicted 

in Figure 21. These variations ultimately result in the 

pitch attitude deviations shown in Figure 22, particu-

larly under unguided conditions. This was not only 

due to the piloting challenge associated with tracking 

a continuously changing deceleration target during 

reconversion, but also due to the adverse impact on 

FCS performance when participants failed to pre-

cisely track the target command guidance. Specifi-

cally, imprecise tracking leads to flying outside the 

conditions for which neutral control input mapping, il-

lustrated in previous study [26], was designed, 

thereby degrading FCS performance.   

The resulting mismatch is most clearly reflected in the 

two major deceleration deviation peaks seen in Fig-

ure 19. The first peak corresponds to the point at 

which the system transitions to RPM-based control, 

where neutral mapping of the elevon becomes active. 

The second peak is associated with the cessation of 



tilt rate changes, which had previously acted as a dy-

namic disturbance, coupled with the accumulated de-

viation from the intended flight condition for which the 

neutral control input mapping was designed. 

 

Figure 18 Longitudinal inceptor inputs during recon-

version applied by 12 test subjects. 

 

Figure 19 Reconversion profile comparison between 

the desired target command and piloted simulation 

results. 

 

Figure 20 Rotor shaft angle response during recon-

version FTM across experimental groups with/without 

guidance. 

 

Figure 21 Acceleration response during reconversion 

FTM across experimental groups with/without guid-

ance. 

 

Figure 22 Pitch attitude response during reconversion 

FTM across experimental groups with/without guid-

ance. 

In contrast, this control coupling issue related to neu-

tral input mapping was negligible during the conver-

sion manoeuvre. At lower speeds, particularly far be-

low stall conditions, conversion flight relies more 

heavily on powered thrust, limiting the range of oper-

ational flight conditions and thus minimising deviation 

from those designed for neutral control mapping. 

Conversely, during reconversion, a broader spectrum 

of flight conditions remains viable, even at constant 

deceleration, due to the combined use of powered 

and aerodynamic control. As a result, the FCS during 

reconversion is more susceptible to performance 

degradation when deviating from the prescribed flight 

regime. This disparity accounts for the substantially 

higher mean deviation error observed in reconversion 

(Figure 17) compared to conversion (Figure 9). 

However, the control sensitivity issue attributed to the 

tilt schedule, which was evident during conversion, 

did not manifest in the reconversion manoeuvre, 



despite both phases employing the same designed 

maximum tilt rate of 6 deg/sec. This discrepancy can 

be explained by fundamental differences between the 

aerodynamic and propulsion requirements in conver-

sion and reconversion. During conversion, tilting be-

yond 55 degrees occurs below around 0.25VS, neces-

sitating a high proportion of powered lift rather than 

aerodynamic lift. Additionally, as conversion flight in-

volves positive acceleration, further thrust must be 

generated and redirected via rotor tilting. This cou-

pling between large thrust magnitudes and tilt rate 

variations amplifies the control sensitivity. In contrast, 

reconversion occurs at relatively lower thrust de-

mands. For instance, at a rotor shaft angle of 60 de-

grees, the total required thrust during reconversion is 

approximately 27% of that required during conver-

sion. This difference in thrust magnitude means that 

even with the same nominal tilt rate, the dynamic cou-

pling between the tilt mechanism and the aircraft re-

sponse is further alleviated in reconversion with no 

observable control sensitivity issue. 

In Phase P2 of the reconversion manoeuvre, a con-

stant maximum deceleration is commanded by lever-

aging the horizontal force component of the powered 

thrust, while maintaining the rotor shaft angle at ap-

proximately 95 deg. This segment is designed to re-

duce airspeed efficiently before transitioning to the fi-

nal phase. During P3, participants are tasked with ter-

minating the reconversion precisely at 0 kt, within the 

terminal airspeed boundary of ±2 kt as defined in the 

FTM. As the airspeed drops below 5 kt, a discrete 5 

deg step reduction in rotor shaft angle is commanded, 

shifting it from 95 degrees back to 90 degrees. To 

avoid a sudden pitch-up motion resulting from this 

change due to the FCS compensation, a steady rotor 

shaft angle reduction strategy was applied to mitigate 

abrupt attitude disturbances. This control approach is 

reflected in the observed increases in deceleration 

and pitch attitude in Figure 21 and Figure 22, respec-

tively. 

However, in unguided trials, some participants contin-

ued to pull back on the inceptor during the automatic 

transition from ACSH to Translational Rate Control 

(TRC), unintentionally commanding negative air-

speed, while appropriate for deceleration in ACSH. 

When this input was combined with the maximum de-

celeration rate of −0.12 g and the step input rotor 

shaft angle control strategy, it often led to overshoot-

ing or delayed convergence to the desired terminal 

speed, particularly in the absence of target command 

guidance, as illustrated in Figure 23 and Figure 20. 

Despite these challenges, altitude control was con-

sistently maintained within desired boundaries 

throughout all reconversion phases due to the active 

engagement of the autopilot height-hold function, as 

shown in Figure 24. 

 

Figure 23 True airspeed response during reconver-

sion FTM across experimental groups with/without 

guidance. 

 

Figure 24 Height response during reconversion FTM 

across experimental groups with/without guidance. 

 

5.2. Comparison of Subjective Ratings 

Figure 25 and Figure 26 present the average normal-

ised NASA TLX workload and comfort ratings re-

ported by all test participants across three groups (A, 

B, C). The "AVG" column indicates the average rating 

across the three groups for each condition. Overall, 

all average NASA TLX workload ratings remained as 

a low workload below 50%. Particularly, conversion 

and reconversion scenarios involving the target com-

mand guidance system consistently yielded the low-

est workload ratings. In addition to TLX ratings, all 

comfort ratings were recorded high at around 80% 

across all the groups. 



 

Figure 25 Normalised NASA TLX ratings across par-
ticipant groups and experimental conditions. 

 

Figure 26 Normalised comfort ratings across partici-
pant groups and experimental conditions. 

 

5.3. Comparison of Cognitive Workload 

a. Fixation Evaluation 

A fixation, in the context of cognitive psychology, re-

fers to the brief interval during which the eyes remain 

relatively stationary, focusing on a specific visual ele-

ment. Fixations are key indicators of where and how 

visual attention is allocated during a task. Fixation 

count (the number of discrete fixations) and fixation 

duration (the average time spent per fixation) are two 

fundamental metrics commonly employed to infer 

cognitive workload, visual scanning behaviour, and 

task engagement. 

Figure 27 provides a representative example of fixa-

tion behaviour recorded by the eye-tracking system 

during the conversion and reconversion manoeuvres. 

Fixation data were categorised across predefined Ar-

eas of Interest (AOIs), specifically the external view 

(AOI-1), target command guidance indicator (AOI-2), 

attitude display area (AOI-3), and altitude indicator 

(AOI-4). Each fixation event is depicted as a circle, 

with its radius corresponding to the fixation duration, 

while the associated fixation count is displayed adja-

cent to the gaze point. In this particular instance, the 

participant briefly fixated on the external scene in 

AOI-1 before directing visual attention from the rotor 

shaft angle region in AOI-3 to the target command 

guidance symbol in AOI-2. 

Figure 28 and Figure 29 reveal how fixation metrics—

average fixation duration and number of fixations—

varied across different visual interface areas during 

conversion and reconversion FTMs for three groups. 

Overall, the Target Command Guidance area consist-

ently elicited the highest fixation durations and fixa-

tion counts across all AOIs and manoeuvres. This 

suggests that participants placed substantial trust in 

the acceleration indicator as a reliable reference for 

achieving minimum-energy trajectories and satisfying 

the desired FTM performance criteria. Notably, con-

ditions involving guidance (C/W and R/W) induced 

higher cognitive workload—manifested as longer fix-

ation times during conversion and higher fixation 

counts during reconversion—compared to unguided 

conditions. This elevated visual and cognitive en-

gagement aligns with reduced deviation from the 

ideal minimum-energy trajectory observed in Figure 5, 

reflecting a performance-effort trade-off. 

 

 

Figure 27 Sample fixation mapping output from the 

eye tracking device. 

 

More specifically, the increased cognitive workload 

observed during Phase P2 of the conversion 



manoeuvre appears to be a significant contributor to 

prolonged fixation durations. During this phase, the 

control sensitivity intensifies due to the steep seg-

ment of the conversion tilt schedule. The tilt rate of 6 

deg/s is only guaranteed if the commanded accelera-

tion is precisely 0.2 g before the rotor shaft angle 

reaches approximately 55 deg, as shown in Figure 12. 

Even minor positive deviations in inceptor input rela-

tive to the optimal acceleration result in tilt rates ex-

ceeding 6 deg/sec, producing higher-than-expected 

acceleration. Furthermore, the non-differentiable 

slope of the tilt schedule near the 55 deg transition 

point results in an abrupt change in control sensitivity. 

Following this point, the tilt rate drops, leading to a 

smoother conversion phase. These transitions in the 

tilt schedule require test subjects to actively monitor 

and continuously compensate for their control inputs, 

thereby imposing a higher cognitive workload, partic-

ularly during the early portion of Phase P2. This is 

supported by eye-tracking metrics showing elevated 

fixation activity in this interval.  

 

 
(a) Target command guidance                                    (b) Attitude display area 

 

 
(d) External view                                                  (c) Altitude indicator 

Figure 28 Average fixation time across visual interface during conversion and reconversion FTMs.

When it comes to reconversion, it was Phase P1 that 
accounted for the majority of the observed fixation 
counts. This segment involved a continuously in-
creasing target deceleration command over a pro-
longed duration of approximately 20 seconds, aiming 
to reach −0.12 g prior to attaining a rotor shaft angle 
of 95 deg. The need for sustained visual monitoring 
and precise input adjustments during this phase im-
posed a cognitive demand on the participants, 

resulting in the highest fixation activity among the 
three reconversion phases (P1 to P3). This was con-
sistent with test subject comments indicating that they 
were aware the maximum applicable deceleration 
was tightly constrained to remain within a reasonable 
pitch attitude range for passenger comfort, particu-
larly before reaching a rotor shaft angle of 95 deg. 

 



 
(a) Target command guidance                                       (b) Attitude display area 

 

 
(c) Altitude indicator                                                       (d) External view 

 

Figure 29 Number of fixations across visual interface during conversion and reconversion FTMs. 

 

b. Blinks Evaluation 

Figure 30 and Figure 31 present comparative results 

of blink-related metrics during conversion and recon-

version, namely, the total number of blinks and aver-

age blink duration, across three participant groups 

under two experimental conditions: with/wtihout tar-

get command guidance. These blink metrics provide 

valuable insight into the pilot's attentional state and 

cognitive workload level during flight manoeuvres. 

Blink duration reflects the level of visual focus and 

alertness during task execution, with shorter dura-

tions typically indicating higher visual attention or en-

gagement. In contrast, the number of blinks serves as 

an indicator of cognitive workload and stress. A 

higher frequency of blinks is generally associated with 

increased mental effort, fatigue, or stress, as the cog-

nitive system attempts to regulate and cope with task 

demands. 

 

Figure 30 Average blink duration across experimental 

groups during conversion and reconversion FTMs. 



 

Figure 31 Number of blinks across experimental 

groups during conversion and reconversion FTMs. 

Overall, the average blink duration remained con-

sistent across all participant groups, not exceeding 

the average healthy benchmark of 334 ms [35]. This 

suggests that, from a visual engagement perspective, 

the task did not impose excessive strain, which aligns 

with the comfort rating outcomes presented in Figure 

26. However, despite the similarity in blink duration, a 

noticeable increase in blink frequency was observed 

in both conversion and reconversion manoeuvres 

when the target command guidance system was em-

ployed. This elevated blink rate suggests that partici-

pants experienced greater cognitive workload and 

stress in the guided conditions compared to trials 

without the guidance symbol. The observed increase 

is attributable to the additional cognitive demand as-

sociated with managing nonlinear control sensitivity 

during the conversion phase and tracking the pro-

longed, gradually changing target command during 

the reconversion phase. These interpretations are 

supported by the fixation durations and counts pre-

sented in Figure 28 and Figure 29. 

 

5.4. Discussion 

The central objective of this research was to evaluate 

whether minimum-energy trajectories are both com-

fortable and manageable for flight-naïve pilots. This 

question was addressed through a comprehensive 

analysis of objective performance metrics and subjec-

tive workload and comfort ratings. The results demon-

strate that deviations from the target command pro-

files were generally low enough across all groups and 

trials to meet the majority of the FTM desired criteria. 

These findings are corroborated by low average 

scores on the NASA TLX workload assessments and 

consistently high comfort ratings. 

Performance outcomes, however, exhibited a de-

pendence on the availability of target command guid-

ance. Participants assisted by the guidance system 

achieved higher compliance rates with FTM desired 

criteria, 92% for both C/W and R/W, compared to 66% 

for C/WO and only 42% for R/WO. These results un-

derscore the importance of target command guidance 

augmentation in facilitating successful adherence to 

minimum-energy trajectories and meeting desired cri-

teria defined in the FTM, particularly in reconversion 

scenarios. The R/WO condition yielded the lowest 

success rate, primarily due to pitch attitude deviations 

exceeding the 5 deg limit, which was triggered by the 

automatic transition from ACSH to TRC. Participant 

feedback highlighted the need for consistent re-

sponse characteristics during reconversion. This sug-

gests that providing pilots with the manual engage-

ment or disengagement of ACSH and TRC modes 

near hover speed may mitigate confusion and im-

prove HQ. With the aid of the target command guid-

ance system, 92% of participants from all groups, ir-

respective of prior background, successfully tracked 

minimum-energy transition strategies and met the de-

sired criteria defined in the FTM. This directly ad-

dresses the research objective and affirms the suita-

bility of the proposed approach. Nonetheless, aspects 

of the control design and trajectory formulation may 

require further refinement to reduce cognitive work-

load.  

From the transition trajectory design perspective, 

minimum-energy transition strategies in conversion 

require a prompt reduction of the rotor shaft angle, 

and the associated tilt schedule induces varying con-

trol sensitivity that prevents pilots from forming relia-

ble expectations about control input-response char-

acteristics. These issues suggest that the tilt schedule 

should be constructed to ensure differentiability at 

least with respect to airspeed and shaft angle, and in-

corporate more gradual slopes to mitigate abrupt sen-

sitivity changes. While such modifications would help 

mitigate abrupt sensitivity changes, they would inher-

ently compromise the minimum-energy mechanism, 

particularly in the conversion phase. For reconversion, 

the gradual increase of target command guidance 

during Phase P1 was perceived as demanding, espe-

cially compared to the constant deceleration phase 

that followed. This challenge stems from the require-

ment to track an incrementally increasing decelera-

tion profile over approximately 20 seconds prior to 

reaching a shaft angle of 95 deg, under the constraint 

of maintaining pitch attitudes below 5 deg for 



passenger comfort. Test subject feedback, particu-

larly from Group C, indicated that a gradual increase 

in target command over such an extended duration is 

impractical in operational flight scenarios, where pi-

lots must also manage concurrent tasks. This further 

supports the recommendation to implement an accel-

eration-hold function, even for constant accelera-

tion/deceleration profiles. This observation suggests 

that, given aerodynamic drag dominates more decel-

eration before 95 deg, initiating reconversion at a 

higher airspeed, where the −0.12 g target is immedi-

ately attainable, could enable the use of a constant 

deceleration profile from the outset. It is proposed that 

reconversion commence with pitch attitudes below 

the maximum 5 deg limit, in contrast to the current 

scheme where attitude remains saturated throughout 

the manoeuvre. However, initiating reconversion at 

higher speeds as a means of enabling immediate ap-

plication of a constant deceleration profile entails op-

erating under high advance ratio conditions. Such 

conditions may adversely impact propulsion system 

efficiency due to increased rotor aerodynamic losses 

and potential degradation in power effectiveness. 

Therefore, while this approach may enhance HQ and 

reduce pilot workload, it introduces an additional 

trade-off that compromises the energy-optimality of 

the reconversion strategy. 

From a human factors standpoint, a large volume of 

fixations were made on the target command guidance 

across all three groups during the four scenarios, 

compared to the fixations made on the remaining 

three AOI’s. The results indicate that, while partici-

pants achieved a higher compliance rate with the tar-

get guidance system activated, the expenditure of at-

tention to the expense of other AOI’s indicates a po-

tential loss of situational awareness in operators while 

managing the conversion/reconversion manually. In 

periods of high cognitive workload, the lack of fixa-

tions detected in the study for all flight parameters re-

vealed a potential design flaw, which would draw too 

much attention from participants during the proposed 

conditions. While the scanning behaviour can be at-

tributed to the experience and exposure of partici-

pants to the eVTOL, the distribution of fixations indi-

cates a bottleneck in cognition which could prevent 

sufficient scanning of the flight environment and ter-

rain clearance during low-level flight. This could be 

resolved by utilising an audio chime when pilots are 

receiving the allotted flight profile for either conver-

sion or reconversion flight, which can divert some vis-

ual attention to flight altitude and conflict detection 

monitoring. Additionally, heads-up display can be fur-

ther incorporated with the target command guidance 

to promote a better heads-up philosophy for eVTOL 

operators, especially in GVE, as well as providing in-

tuitive information presentation to pilots operating in 

this scenario. 

  

6. CONCLUSIONS 

This study has evaluated the feasibility of minimum-

energy transition trajectories for vectored-thrust eV-

TOL aircraft in piloted operation by flight-naïve users. 

The results indicate that, under experimental condi-

tions, both conversion and reconversion manoeuvres 

were successfully performed by participants with var-

ying levels of flight experience, particularly when 

aided by a target command guidance system. Objec-

tive tracking errors remained within thresholds de-

fined by the FTM desired criteria along with eye-track-

ing indicators, and subjective measures, such as 

workload ratings and, comfort assessments, affirmed 

the usability of the proposed control and guidance ar-

chitecture. From the results obtained in this study, the 

following conclusions have been established: 

• The guidance system significantly improved pilot 

task performance, increasing FTM compliance 

from 66% and 42% in unguided conversion and 

reconversion to 92% in both guided cases. 

• Subjective assessments using the NASA TLX 

and comfort ratings revealed overall low workload 

below 50% and high comfort above 80% for min-

imum energy transitions phases. 

• During conversion, rapid rotor shaft angle 

changes inherent to the minimum-energy tilt 

schedule resulted in variable control sensitivity, 

which challenged pilot expectations and re-

sponse predictability. 

• Differentiable tilt profiles with smoother gradients 

can further improve minimum energy conversion, 

even if such modifications compromise absolute 

energy-optimality. 

• In reconversion, the gradual increase in deceler-

ation command prior to tilt saturation imposed 

sustained cognitive effort over approximately 20 

seconds, which was reported as demanding by 

pilot participants. 

• Reconversion profiles can be further enhanced 

by beginning at higher airspeeds where constant 

deceleration targets are immediately achievable, 



while such modifications may incur aerodynamic 

and power efficiency penalties. 

• Supplementary auditory cues and heads-up dis-

play HUD integration are recommended to offload 

visual demand and promote better scan behav-

iour. 
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APPENDIX A 

 

Figure A NASA TLX Questionnaire. 

 

 

 

 

 

 

 

APPENDIX B 

 

Figure B Comfort Rating Scale for Piloted Simula-

tion Study. 

 

 

 

  



APPENDIX C 

Table C FTM and its performance criteria for Conversion/re-conversion 

TITLE Conversion/re-conversion FTM – level flight 

Mission; 
Flight 
Mode 

Hover mode, conversion/re-conversion mode, aircraft mode 

Critical 
HQs 

Check stability, agility and comfort rating during minimum energy conversion and re-conver-
sion rotor tilting profiles. 

Objec-
tives 

Check ability to perform level flight accelerations and decelerations via rotor tilting, while main-
taining height and heading. 

Manoeu-
vre De-
scription 

Conversion: 

• Start a stabilised hover at 100 ft height. In the GVE, initiate a longitudinal acceleration to 
a cruise airspeed of 105 kts, and maintain altitude constant with pitch attitude during con-
version. Upon reaching the target airspeed, initiate a deceleration by holding altitude con-
stant with pitch attitude. 

Re-conversion: 

• Start a trimmed flight at a cruise airspeed of 105 kts and 100 ft height. In the GVE, initiate 
a longitudinal deceleration to a stabilised hover, and maintain altitude constant with pitch 
attitude during reconversion. Upon reaching the hover speed, initiate a deceleration by 
holding altitude constant with pitch attitude. 
 

Perfor-
mance 
Standards 

 Desired Adequate 

• Complete conversion within time 𝑇 < Δ𝑇 + 𝑇min 𝑇min = 32 sec 

Δ𝑇 = 8 sec 

𝑇min = 32 sec 

Δ𝑇 = 15 sec 

• Complete re-conversion within time 𝑇 < Δ𝑇 +
𝑇min 

𝑇min = 69 sec 
Δ𝑇 = 10 sec 

𝑇𝑚𝑖𝑛 = 69 sec 
Δ𝑇 = 20 sec 

• Terminal airspeed to be captured within 𝑋 kts: ± 2 kts ± 3 kts 

• Maintain acceleration within 𝑋 g of wing-level 
mode: 

± 0.3 g ± 0.6 g 

• Maintain pitch within 𝑋 deg of wing-level mode: ± 5 deg 
 

± 10 deg 
 

• Maintain heading within 𝑋 deg of initial head-
ing: 

± 5 deg 
 

± 10 deg 
 

• Maintain altitude within 𝑋 feet of initial height: ± 15 ft 
 

± 30 ft 
 

• Maintain lateral track within 𝑋 feet of initial posi-
tion: 

± 0.3 D ± 0.6 D 
 

• Any oscillations or inter-axis coupling shall not 
be: 

Undesirable Objectionable 

• Control harmony between axes shall not be: Undesirable Objectionable 

 


