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Abstract: This literature review examines recent advancements in Shape Memory Alloy (SMA)–based honeycomb and cellular 
morphing structures for adaptive aerodynamic surfaces, with research spanning from 2018 to 2025. Special emphasis is placed 
on inverse morphing design methodologies, compliant structural mechanisms, selective laser melted SMA lattices, and thermal-
mechanical actuation strategies enabling continuous, hinge-less deformation for wings and control surfaces. SMA honeycomb 
actuators have emerged as a lightweight and compact solution capable of achieving significant deformation amplitudes, high 
actuation strain recovery, and embedded smart functionality suitable for small-scale unmanned aerial vehicles (UAVs), micro air 
vehicles (MAVs), and experimental adaptive wings. Studies demonstrate that SMA-integrated honeycomb structures provide 
smooth camber variation, trailing-edge deflection, and active twist control while retaining structural stability and aerodynamic 
continuity. Across the reviewed works, several important themes arise: (i) The development of inverse design frameworks to 
determine optimal SMA placement for achieving target aerodynamic shapes, (ii) The increasing use of selective laser melting 
(SLM) and additive manufacturing for fabricating complex SMA micro-lattices, (iii) improved Multiphysics modelling 
approaches that couple thermal activation, phase transformation, honeycomb deformation mechanics, and aerodynamic loading, 
and (iv) experimental validation of morphing prototypes for trailing-edge devices and adaptive airfoils. Benefits include 
enhanced lift coefficients at low speeds, drag reduction through smooth camber control, improved gust response, and increased 
adaptability across multiple flight regimes. However, limitations persist, including slow SMA cooling rates, nonlinear hysteresis, 
high energy consumption for repeated actuation, and structural fatigue concerns. 
This review synthesizes findings across 15 major studies to identify current capabilities, comparative methodologies, emerging 
challenges, and future pathways for SMA honeycomb–based adaptive flight technologies. The collective analysis highlights the 
growing maturity of SMA morphing concepts and underscores the potential for fully integrated, sensor-driven adaptive wings 
designed through inverse-design optimization and validated through coupled Multiphysics simulations and experiments. The 
report concludes by outlining the next steps required to transition SMA honeycomb morphing systems from laboratory 
demonstrators to field-deployable systems for UAVs and future aircraft. 
Keywords: Shape Memory Alloys (SMA), Honeycomb Structures, Morphing Wings, Inverse Design Optimization, Thermal 
Management, Compliant Mechanisms, Hysteresis Compensation, High-Cycle Fatigue, UAVs, Finite Element Analysis (FEA). 

 
I. INTRODUCTION 

A. Background and Significance 
Morphing aircraft technologies have gained increasing relevance in modern aerospace engineering, particularly for applications 
requiring high manoeuvrability, silent operation, and multi-mission adaptability. Traditional hinged control surfaces introduce 
discontinuities in aerodynamic profiles, leading to localized flow separation, increased drag, and acoustic noise. Such surfaces also 
rely on complex linkages, bearings, and hydraulic or electric actuators, adding weight and maintenance challenges. In contrast, 
seamless morphing surfaces allow continuous geometric transformation of wings and control surfaces, maintaining aerodynamic 
smoothness and enabling shape optimization throughout flight. 
Shape Memory Alloys (SMAs), especially nickel–titanium (NiTi) alloys, have emerged as one of the most promising materials for 
morphing systems due to their high actuation strain, compactness, solid-state operation, and capacity for generating significant 
actuation forces. When combined with lightweight honeycomb or cellular structures, SMAs can reshape aerodynamic surfaces 
through bending, twisting, or out-of-plane deformation without requiring conventional hinges. Honeycombs are particularly 
attractive for morphing due to their tunable stiffness, anisotropic deformation modes, and compatibility with embedded actuators. 
SMA–honeycomb hybrid structures have demonstrated versatile deformation, from localized trailing-edge bending to distributed 
camber change and wing twist. 
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Recent research has extended the concept further by incorporating SLM-fabricated SMA micro-lattices, compliant cellular skins, 
and feedback control using temperature and strain sensors. These advancements have created opportunities for adaptive trailing 
edges, load-alleviation systems, noise-reducing high-lift devices, and energy-efficient UAVs capable of in-flight aerodynamic 
optimization. 
 
B. Problem Statement / Motivation 
Despite clear advantages, SMA-based morphing systems face several persistent challenges:  
1) Slow cooling and limited actuation frequency 
2) Nonlinear hysteresis requiring advanced control strategies 
3) Thermal gradients causing uneven deformation 
4) Limited fatigue life under cyclic actuation 
5) Difficulty predicting coupled thermal-structural-aerodynamic behaviour 
6) Manufacturing constraints for embedding SMAs within thin, flexible wings 
7) Lack of inverse design tools for morphing shape prediction 
These limitations motivate the need for a consolidated understanding of SMA honeycomb morphing systems: how they are 
designed, modelled, actuated, controlled, and validated. This review synthesizes research to clarify current capabilities and the 
remaining barriers to practical deployment. 
 
C. Scope and Objectives 
This report reviews SMA honeycomb actuators and related morphing systems across 15 recent research publications. The objectives 
are to: 
1) Summarize the fundamental principles governing SMA actuation and honeycomb deformation 
2) Examine advances in modelling, fabrication, actuator placement, and inverse-design optimization 
3) Compare morphing strategies across trailing edges, adaptive wings, and SMA torsion mechanisms 
4) Analyse experimental validations and CFD-based aerodynamic performance 
5) Identify key limitations, open challenges, and future development opportunities 
 
D. Organization of the Report  
The report follows the same structure as the reference review paper, consisting of: 
1) Section 1:Introduction  
2) Section 2: Theoretical background 
3) Section 3: Detailed literature review 
4) Section 4: Critical analysis 
5) Section 5: Research gaps and future scope 
6) Section 6: Conclusion 
7) Section 7: References  

 
II. THEORETICAL BACKGROUND / FUNDAMENTALS 

A. Shape Memory Alloy Thermo-Mechanics 
SMAs operate on solid-state phase transitions between martensite and austenite phases. Heating triggers austenitic transformation, 
contracting the material; cooling returns it toward martensitic form. Key equations describe stress–strain–temperature coupling: 

Constitutive Relation 
σ=E(ε−εtr) 
Transformation Induced Strain 
εtr=εLξ 
where 

ε_L = Maximum transformation strain, 
ξ = Martensite fraction. 

 
Transformation temperatures (A_s, A_f, M_s, M_f) define actuation thresholds.  
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B. Mechanics of Honeycomb Structures 
Honeycomb structures deform through bending and shear of cell walls. Their mechanical properties depend on wall thickness, cell 
geometry, and material: 

Eeff=ES(t/l)3 
Honeycomb types used in morphing: 
 Regular hexagonal 
 Re-entrant auxetic 
 Curved-wall compliant honeycombs 
 SLM-printed SMA micro-lattices 

 
C. Aerodynamic Importance of Morphing 
Morphing trailing edges enhance: 

 Lift coefficient at low speeds 
 Stall angle through improved flow reattachment 
 L/D ratio for endurance improvement 
 Noise reduction due to continuous surface curvature 
The aerodynamic forces follow: 
L=1/2ρV2SCL 
D=1/2ρV2SCD 

Morphing modifies pressure distribution, directly influencing CL and CD. 
 
D. Inverse Design of SMA Honeycomb Actuators 
Inverse design frameworks seek actuator configurations to match a target aerodynamic shape. The deformation field d is modelled 
as: 

d=f(G,A,T)d=f(G,A,T) 
where 

G = honeycomb geometry, 
A = SMA actuator layout, 
T = temperature distribution. 

This method reduces trial-and-error and enables optimized morphing performance. 
 
E. Multiphysics Coupling 
SMA-based morphing requires solving: 

 Heat diffusion 
 Phase transformation 
 Structural deformation 
 Aerodynamic loading 
 Control laws 

Thus, fully coupled thermomechanical–aerodynamic models are essential. 
 

III. REVIEW OF LITERATURE 
A. Honeycomb Structure Filling Morphing Wing Trailing Edge Design Strategy 
This study introduces an SMA-filled honeycomb trailing-edge mechanism incorporating distributed actuation and real-time 
deformation feedback. By embedding SMA wires within a customized honeycomb geometry, the researchers demonstrate smooth 
trailing-edge bending under controlled thermal activation. 
Key contributions include: 
 A deformation-feedback loop using strain sensors 
 Inverse-design optimization of SMA placement 
 2D and 3D morphing demonstrated experimentally 
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 Deflections up to 15° without structural buckling 
The approach significantly improves control precision and morphing repeatability, making it suitable for adaptive UAV control. 
 
B. Adaptive Wing with SMA Torsion Actuators: 
This paper presents an SMA torsion-based mechanism enabling wing twist for roll control. SMA tubes or rods are heated to 
generate torsional moments. 
Findings: 
 Achieved structural twist angles of 5–10° 
 Offers compact integration compared to servos 
 Weight-efficient for small UAVs 
 Requires advanced thermal management 
This study highlights SMA torsion as a promising alternative to ailerons. 

 
C. SLM-Fabricated SMA Honeycomb Arrays 
This research explores the fabrication of SMA honeycomb arrays using Selective Laser Melting (SLM), enabling complex 
geometries not possible through traditional manufacturing. 
Key results: 
 Precise control over cell size and orientation 
 Large recoverable strain without fatigue failure 
 High actuation speed due to thin cell walls 
 Strong repeatability under cyclic heating 
SLM-SMA honeycombs offer high geometric freedom, essential for custom morphing designs. 

 
D. Adaptive Trailing Edge SMA Cellular Structure Design 
This study demonstrates a cellular trailing-edge structure with SMA wires embedded directly into cell walls. 
Highlights: 
 Achieves 10–20° deflection 
 Single-piece compliant cellular mechanism 
 CFD shows improved lift and reduced drag 
 Demonstrates scalability for larger wings 
The hinge-less design offers low aerodynamic penalty. 

 
E. Seamless Morphing Trailing Edge 
This work designs a seamless trailing-edge with no rigid joints, using flexible skin materials and an internal SMA-driven 
mechanism. 
Important contributions: 
 Full-scale prototype fabrication 
 Bench testing validates actuator performance 
 Smooth camber variation without discontinuities 
 Improved flow attachment in CFD simulations 
Such designs reduce noise and aerodynamic disturbances. 

 
F. Adaptive Airfoil Control Using SMA Actuator 
This paper integrates SMA actuators with neural-network-based control to stabilize airfoil shape changes. 
Findings: 
 SMA hysteresis compensated through AI 
 Stable morphing without overshoot 
 Reduces steady-state error 
 Demonstrates adaptability under varying loads 
This marks a step towards intelligent morphing control. 
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G. Finite Element Modelling of SMA Honeycomb Structures 
This study develops detailed FEA models capturing SMA phase transformation and honeycomb mechanics. 
Conclusions: 
 Accurate prediction of deformation patterns 
 Multiphysics simulation of temperature–strain coupling 
 Guides optimal actuator placement 
 Predicts structural failure modes 
The model is essential for inverse-design frameworks. 

 
H. Overview of SMA Morphing Surfaces 
This comprehensive review categorizes SMA morphing applications: 
 Trailing-edge morphing 
 Variable camber surfaces 
 SMA torsion actuators 
 Adaptive leading edges 
 Micro-actuated structures 
Challenges highlighted include cooling rates, fatigue, and nonlinear actuation. 

 
I. SMA Actuator Control Systems 
This work reviews control techniques: 
 PID with thermal compensation 
 Feedforward hysteresis modelling 
 Hybrid neural–PID controllers 
 Temperature-based deformation estimation 
Closed-loop control is shown to significantly improve accuracy. 

 
J. Variable Camber Wing Using Honeycomb Structure 
Key contributions: 
 Honeycomb acts as flexible skeleton 
 Enables smooth camber variation without hinges 
 CFD shows improved aerodynamic performance 
 Prototype demonstrates structural integrity 
This concept is ideal for lightweight UAVs. 

 
K. Thermal Analysis of SMA Actuators 
This study investigates thermal distribution and actuation times. 
Findings: 
 Heating time dominates response lag 
 Honeycomb provides passive cooling pathways 
 Repeated actuation leads to thermal buildup 
 Predictive thermal modelling improves control accuracy 
Thermal management remains a major bottleneck. 

 
L. Experimental Validation of SMA Honeycomb Structures 
Results include: 
 Consistent cyclic deformation 
 High durability under moderate thermal cycles 
 Good agreement with FEA models 
 Demonstration of manufacturability 
Validates SMA honeycomb systems for real-world use. 
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M. Dynamic Response of SMA Honeycomb Panels 
Investigates low-frequency vibrational response. 
Findings: 
 SMA honeycombs suitable for low-frequency morphing 
 Limited applicability for rapid actuation 
 Structural damping improves stability 
 Important for gust load control 
Useful for designing flutter-resistant morphing surfaces. 

 
N. CFD Study of SMA Wire-Based Morphing Wing 
Key results: 
 Lift increased by 6–15% 
 Drag reduced through camber optimization 
 Improved stall margins 
 Flow separation reduced 
CFD confirms strong aerodynamic benefits. 

 
O. HERWINGT Morphing High-Lift Device 
This project presents a compliant morphing high-lift device. 
Highlights: 
 Semi-span demonstrator tested 
 Achieved large smooth deformation 
 Improved low-speed performance 
 Promising for commercial aircraft applications 
Sets benchmark for real-world morphing integration. 

 
IV. DISCUSSION AND CRITICAL ANALYSIS 

The collective body of research on SMA honeycomb actuators reveals a rapidly evolving field that is moving from conceptual 
prototypes to validated structural–aerodynamic systems capable of real-time morphing. This section synthesizes the major 
technological trends, compares methodologies across studies, and highlights unresolved issues that shape the future of SMA-based 
adaptive flight. 
 
A. Major Technological Trends 
1) Increasing Adoption of Inverse Design and Multiphysics Optimization: A prominent trend is the shift from empirical actuator 

placement toward inverse design, where the desired aerodynamic deformation is prescribed first, and optimization algorithms 
determine the required SMA activation pattern and honeycomb geometry. These frameworks integrate thermal–structural 
modelling, nonlinear SMA constitutive laws, and aerodynamic performance metrics. As demonstrated in Papers 1, 7, and 15, 
such techniques dramatically reduce design cycles and improve morphing accuracy, especially when combined with FEM and 
CFD validation. 

2) Widespread Use of Additive Manufacturing for SMA Lattices: SLM-fabricated SMA lattices (Pap represent a transformative 
development. Unlike traditional SMA wires or strips, SLM lattices can be tailored at the mesoscale to achieve anisotropic 
stiffness, graded porosity, or auxetic behaviour. This design freedom enables unprecedented control over deformation modes 
and significantly enhances actuation efficiency. Furthermore, SLM enables embedding SMA directly within structural 
components, eliminating assembly steps and reducing failure points. 

3) Emergence of Seamless, Hinge-less Morphing Structures: Several studies demonstrate the aerodynamic benefits of hinge-less 
trailing edges and continuous camber surfaces. These systems minimize boundary-layer disturbances and prevent the formation 
of tip vortices that occur at hinge gaps. Seamless surfaces also reduce acoustic noise and improve stealth characteristics, making 
them promising for surveillance UAVs and low-noise platforms. 
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4) Integration of Sensor-Based Feedback Control: Closed-loop control strategies  represent a critical advancement over open-loop 
SMA actuation, which suffers from thermal lag and hysteresis. Modern systems embed strain gauges, thermocouples, or fiber 
Bragg grating sensors to track real-time deformation and temperature, enabling adaptive adjustment of input power. Neural-
network-assisted control has shown promise in compensating for nonlinearities and environmental disturbances. 

5) Growing Emphasis on MDO for Adaptive Wing Systems: Consistent with trends in UAV optimization research, SMA-based 
morphing systems are increasingly incorporated into multi-disciplinary design optimization (MDO) pipelines that include 
structural mass constraints, aerodynamic loads, thermal dynamics, and actuator energy consumption. This integration is crucial 
for evaluating real-world performance beyond isolated lab tests. 
 

B. Cross-Study Comparisons and Performance Insights 
1) Aerodynamic Performance Improvements: CFD studies consistently report improvements in lift coefficients ranging from 6% 

to 20%, depending on the degree of camber change. Seamless morphing trailing edges exhibit smoother pressure gradients and 
delayed flow separation, enhancing low-speed manoeuvrability. 

2) Structural Responses and Deformation Modes: Honeycomb and lattice structures enable distributed deformation rather than 
point-based bending.  

This difference leads to: 
 Lower stress concentrations 
 Improved fatigue resistance 
 More predictable deformation shapes 
Auxetic and re-entrant honeycombs further enhance compliance and deformation amplitude. 
 
3) Actuation Energy and Thermal Behaviour: Multiple studies highlight high energy consumption during heating and slow 

cooldown periods. Although honeycomb structures provide passive cooling pathways, active cooling (heat sinks, embedded 
channels, phase-change materials) remains underexplored. 

4) Control Accuracy and Repeatability: Neural-network-based and hybrid PID controllers achieve superior shape tracking under 
thermal hysteresis. Inverse design combined with feedback control yields sub-millimetre accuracy in tip deflection. 

5) Durability and Fatigue Considerations: Repeated actuation cycles induce microstructural evolution within SMAs. Papers 3 and 
12 show promising durability over several thousand cycles, but long-term fatigue under real flight loads is largely untested. 
 

C. Persistent Challenges and Unresolved Issues  
Despite significant advancements, several limitations limit immediate deployment: 
1) Limited Actuation Frequency: SMA cooling rates restrict actuation frequencies to roughly 0.1–1 Hz, reducing applicability to 

fast control tasks such as flutter mitigation. 
2) Complex Nonlinear Behaviour: The nonlinear thermo-mechanical behaviour of SMA requires advanced modelling and control 

to prevent overshoot, oscillations, or partial transformation 
3) Integration Challenges: Embedding SMA actuators within thin airfoil structures complicates wiring, insulation, and heat 

distribution. 
4) High Power Requirements for UAVs: Small UAVs often lack sufficient onboard energy for sustained SMA heating, 

necessitating advanced power management. 
5) Lack of Standardized Testing: Most prototypes undergo lab-scale testing; few studies perform full-flight endurance trials or 

environmental testing under humidity, icing, or variable temperatures. 
 

D. Practical Implications and Recommendations  
The reviewed literature suggests several practical implications: 
1) Morphing systems should be used selectively during flight phases (take off, landing, loiter) to minimize energy consumption. 
2) Integration with solar-powered or hybrid UAVs could offset SMA power demands. 
3) Thermal modelling must be incorporated into control laws to improve response time. 
4) Honeycomb geometry should be co-optimized with actuator layout for maximum deformation. 
5) SLM SMA lattices hold strong potential for industrial-scale aircraft morphing systems. 
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V. RESEARCH GAPS AND FUTURE SCOPE 
Although SMA honeycomb morphing systems show strong potential, several fundamental and practical research gaps remain. 
Addressing these gaps is essential for transitioning SMA morphing from experimental prototypes to operational aerospace systems. 
 
A. Identified Research Gaps  
1) Limited Full-Scale Flight Validation: Although many studies demonstrate deformation in lab tests, few incorporate SMA 

morphing wings into real UAVs for long-duration flights. Environmental effects such as wind gusts, temperature gradients, 
solar heating, and vibration are not fully understood. 

2) Lack of Integrated Aero–Thermo–Structural Models: Most existing models isolate thermal, mechanical, or aerodynamic 
components. Fully coupled models are essential for accurate prediction of in-flight performance, particularly under dynamic 
loads. 

3) Actuator Power and Energy Efficiency Challenges: SMA heating requires substantial power. Little research addresses 
optimizing power distribution, using regenerative schemes, or integrating SMA actuation into hybrid energy systems. 

4) Insufficient Work on Fast-Cooling Technologies 
Morphing response is limited by SMA cooling. Innovations such as: 
 High-conductivity composite skins 
 Forced-air microchannels 
 Heat spreaders 
 Liquid cooling loops 
 PCM-enhanced honeycomb cells are seldom explored. 
 
5) Long-Term Fatigue and Reliability Data: Most studies report fewer than 500–1000 cycles. Aircraft components typically 

require 10⁵–10⁶ cycles. SMA degradation under cyclic thermomechanical loading remains unknown. 
6) Limited Exploration of Multi-Functional Materials: Integration with advanced materials—such as carbon nanotube skins, 

graphene-based heaters, or smart composites—could drastically improve performance but remains underexplored. 
7) No Standardized Test Metrics 
Unlike traditional actuators, SMA morphing lacks standardized criteria for: 
 Transformation efficiency 
 Cycle fatigue 
 Thermal lag 
 Deformation repeatability 
 Energy per deformation 
A unified framework is required. 

 
B. Future Scope and Research Directions  
1) AI-Driven Real-Time Control and Inverse-Design Systems 
Machine learning can be integrated into: 
 Predictive thermal control 
 Hysteresis compensation 
 Autonomous morphing decisions based on flight conditions 
 Optimization of SMA activation sequences 
Deep learning combined with reduced-order models could dramatically improve adaptability. 
 
2) Development of Hybrid SMA–Compliant Mechanisms 
SMAs with: 
 Electroactive polymers 
 Piezoelectric materials 
 Magnetorheological actuators could compensate for SMA’s slow actuation frequency. 
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3) Active Cooling Technologies for High-Frequency Morphing 
Future systems may integrate: 
 Embedded micro heat pipes 
 Vapor chamber structures 
 Conductive graphene skins 
 Fluidic cooling networks within honeycomb walls 
These technologies could enable actuation frequencies >2 Hz. 
 
4) Large-Scale Flight Demonstrators 
Full-scale UAV demonstrators incorporating SMA honeycomb morphing are necessary to assess: 
 Aerodynamic efficiency 
 Control authority 
 Thermal behaviour under real-world conditions 
 Structural durability 
Such studies will drive technology readiness. 
 
5) Integrated Energy-Morphing Optimization 
Future research should couple: 
 Onboard energy forecasting 
 SMA power budgeting 
 Morphing scheduling 
 Solar energy integration to enable energy-aware morphing strategies. 
 
6) Standardization and Open-Access Databases 
Creating shared test cases, benchmarks, and open-source datasets will accelerate research and promote cross-comparison among 
laboratories. 

 
7) Sustainable and Lightweight Manufacturing Approaches 
Exploring recyclable SMA composites and lightweight cellular materials could improve environmental sustainability and 
manufacturability. 
 

VI. CONCLUSION 
The body of research reviewed in this report shows how far SMA honeycomb actuators have come—and how much potential they 
hold—for enabling the next generation of adaptive aircraft. What makes these systems so compelling is the way they blend smart 
materials with lightweight, flexible structures to create wings and control surfaces that can actively reshape themselves in flight. 
Rather than relying on traditional hinges or rigid mechanisms, SMA-based honeycomb architectures allow surfaces to bend and 
twist smoothly, maintaining aerodynamic continuity while reducing drag and mechanical complexity. This fundamentally changes 
how small UAVs and future aircraft can be designed. 
A clear pattern across the studies is the steady shift from basic demonstrations of SMA actuation to far more refined approaches that 
integrate inverse design, Multiphysics simulation, and sensor-driven control. Researchers are no longer just proving that SMAs can 
bend a surface—they are now predicting exactly how much it should bend, where the actuators should be placed, and how thermal, 
mechanical, and aerodynamic behaviours interact moment by moment. These advances have made morphing more precise, more 
repeatable, and much better suited for real aerodynamic applications. 
There has also been a major leap forward in fabrication techniques. Additive manufacturing, especially selective laser melting, now 
makes it possible to create SMA honeycomb structures with intricate, tailored geometries that simply could not be produced before. 
These lattices offer customizable stiffness, highly efficient actuation, and the ability to deform in very controlled ways. Combined 
with flexible skins and embedded sensors, they form the backbone of promising morphing trailing edges, adaptive camber wings, 
and torsional actuators. 
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Of course, challenges remain. SMA cooling continues to limit actuation speed, which restricts how frequently the surface can 
change shape. Power consumption is still a concern for small unmanned platforms, and long-term durability under real flight loads 
is not yet fully understood. Moreover, although the lab results are impressive, there is still a noticeable lack of full-scale, long-
duration flight testing that would show how these systems behave under wind, temperature shifts, and real-time control demands. 
Even so, the direction of progress is clear and encouraging. With ongoing improvements in thermal management, lightweight 
materials, AI-based control, and integrated aero-thermo-structural modelling, SMA honeycomb actuators are becoming increasingly 
viable for practical applications. As research continues, these systems are expected to transition from experimental prototypes to 
reliable components in advanced UAVs, morphing wings, and high-lift devices. 
Overall, SMA honeycomb structures offer an exciting path forward for adaptive flight. They combine material intelligence, 
structural efficiency, and aerodynamic performance in a way that traditional mechanisms simply cannot match. With continued 
development and real-world validation, they may soon enable aircraft that can truly reshape themselves to meet the demands of each 
mission and every phase of flight. 
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