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    📖 List of Abbreviations and Acronyms


    A2/AD — Anti-Access and Area Denial


    AAR — Air-to-Air Refueling


    AE — Aeromedical Evacuation


    ASTROS — Artillery Saturation Rocket System


    CAepc — Aerospace Control


    CBP — Capability-Based Planning


    CBRN — Chemical, Biological, Radiological and Nuclear


    CDS — South American Defense Council


    CELAC — Community of Latin American and Caribbean States


    COMPREP — Preparation Command


    CMDS — Countermeasures Dispensing System


    DIRCM — Directional Infrared Countermeasures


    DOTMLPF-P — Doctrine, Organization, Training, Material, Leadership and education, Personnel Facilities and Policy


    DIB — Defense Industrial Base


    EEZ — Exclusive Economic Zone


    EDT — Emerging and Disruptive Technologies


    EMBRAER — Brazilian Aeronautics Company


    EU — European Union


    FAB — Brazilian Air Force


    FARC — Revolutionary Armed Forces of Colombia


    FIR — Flight Information Region


    FOC — Full Operational Capability


    SGDC — Geostationary Satellite for Defense and Strategic Communications


    IMO — International Maritime Organization


    INT — Interdiction


    IADB — Inter-American Defense Board


    LWS — Laser Warning System


    MAFFS — Modular Airborne Fire Fighting System


    MAWS — Missile Approach Warning System


    MERCOSUR — Southern Common Market


    NDS — National Defense Strategy


    MTI — Moving Target Indication


    NVE — Night Vision Equipment


    NATO — North Atlantic Treaty Organization


    NDO — National Defense Objective


    NDP — National Defense Policy


    OBIGGS — On-Board Inert Gas Generation System


    PROANTAR — Brazilian Antarctic Program


    PROSUR — Forum for Progress and Development in South America


    PRC — People’s Republic of China


    RWR — Radar Warning Receiver


    SICOFAA — System of Cooperation Among the American Air Forces


    SO — Specific Objective


    ST&I — Science, Technology and Innovation


    TO — Theater of Operations


    TLIR — Technical, Logistical and Industrial Requirements


    UN — United Nations


    UNASUR — Union of South American Nations


    UNSC — United Nations Security Council
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    APPENDIX A - Questionnaire


    This questionnaire is a tool for obtaining data for scientific research, which will serve as a subsidy for the preparation of the Thesis presented to the Postgraduate Program in Aerospace Sciences at the Air Force University, as a requirement for obtaining the title of Doctor of Aerospace Sciences.


    Its objective is to analyze the use of the KC-390, a vector of Brazilian Aerospace Power, as a contribution to strengthening Brazil’s deterrence, as provided for in the National Defense Policy and Strategy, within the scope of South America. As a secondary objective, it also analyzed how the KC-390 can contribute to United Nations (UN) Peacekeeping and Peace Enforcement operations.


    Your participation is of fundamental importance for the conclusion of the study and development of the effects obtained.


    The questionnaire itself is made up of eighteen objective questions. Please note that there are no right or wrong opinions. Just answer as you see fit.


    Considering your professional knowledge and perception, please mark with an “X” the alternative, graded on a scale presented under the question.


    All the data and opinions expressed will be analyzed, but only the conclusions will be set out in the body of the paper.


    Thank you in advance for your cooperation.


    Bruno Américo Pereira - Lieutenant Colonel Aviator


    TERM OF FREE AND INFORMED CONSENT (TCLE)


    I agree to spontaneously collaborate with the field research developed for the thesis presented to the Postgraduate Program in Aerospace Sciences at the Air Force University, as a partial requirement for obtaining the title of Doctor of Aerospace Sciences, by Bruno Américo Pereira, Lt Col Av, whom I can contact at any time I consider substantial by e-mail at americobap@fab.mil.br. I have also been informed that the study is supervised by Prof. Dr. Flavio Neri Hadmann Jasper, whom I can contact at any time I consider substantial by e-mail at fnhjasper@gmail.com.


    By completing this questionnaire, I declare that I am aware of the absolutely academic purposes of the research and that the data obtained will be processed and presented statistically, as well as the acquisition and analysis of the data collected will be carried out solely by the researcher and his mentor.


    For Mearsheimer (2017), conventional deterrence is specifically associated with the structure of the armed forces and their application to achieve a specific objective.


    The study’s questions pointed to two National Defense Objectives (NDO) in the NDP/NDS connection:


    NDO-1 Guarantee Sovereignty, National Patriotism and Territorial Integrity; and


    NDO-5 Safeguarding people, property, resources and national interests, located abroad.


    For each objective, the perceptions of five Strategic Defense Actions were acquired, based on strengthening deterrence.


    Mearsheimer sees deterrence as a function of the specific strategy available. Therefore, considering the theoretical foundation developed by this theorist, the assumptions of the deterrence capability contained in the NDP/NDS and the operation of the KC-390 aircraft in the Aerospace Power performance between 2019 and 2023, answer the following questions, considering the influences of Strategic Defense Actions, according to the Likert scale (1932) (1 - very light to 5 - very high):


    Question 1: Provide the country with modern, well-equipped, trained Armed Forces in a state of permanent readiness, capable of deterring threats and aggressions. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 2: Demonstrate the ability to counter the concentration of hostile forces in the vicinity of borders, the limits of Brazilian jurisdictional waters and national airspace. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 3: Develop capabilities to monitor and control Brazilian airspace, cyberspace, territory, jurisdictional waters and other areas of interest. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 4: Increasing capabilities to defend and exploit cyberspace. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 5: Increasing National Mobilization capacity. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 6: Develop capabilities to protect nationals at risk and safeguard Brazilian assets, resources and interests abroad, including sea lines of communication. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very slight to 5 - very high)


    Question 7: Increasing expeditionary capacity, with a focus on readiness and permanence. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 8: Increase the participation of the Armed Forces in operational exercises with other countries. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 9: Promote the training, technological updating of material resources and doctrinal updating of human resources, for the participation of the Armed Forces in operations international. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Question 10: Develop capabilities to maintain the security of maritime lines of communication where there are national interests. How do you consider the influence of the KC-390 between 2019 and 2023 on the operationalization of this Strategic Defense Action? (1 - very light to 5 - very high)


    Considering the operational missions carried out, such as Airborne Assault, Search and Rescue, In-flight Firefighting, Air Exfiltration, Air Infiltration, In-flight Refueling, Air Resupply and Air Logistics Transportation, carried out between 2019 and 2023 with the KC-390 Millennium aircraft, classify these Air Force Actions from the perspective of the DOTMLPF-P in terms of proficiency and sufficiency, according to the following parameters (Doctrine, Organization, Training, Material, Leadership and education, Personnel, Facilities and Policy).


    Indicate your perception of the level of these Air Force Actions, carried out between 2019 and 2023, from the perspective of DOTMLPF-P in terms of proficiency and sufficiency, according to the following parameters.


    
      
        
          	
            DOTMLPF-P optics

          

          	
            Nonexistent

          

          	
            Disabled

          

          	
            Existing

          

          	
            Surplus

          
        


        
          	
            Doctrine

          

          	

          	

          	

          	
        


        
          	
            Organization

          

          	

          	

          	

          	
        


        
          	
            Training

          

          	

          	

          	

          	
        


        
          	
            Material

          

          	

          	

          	

          	
        


        
          	
            Leadership and education

          

          	

          	

          	

          	
        


        
          	
            Personnel

          

          	

          	

          	

          	
        


        
          	
            Facilities

          

          	

          	

          	

          	
        


        
          	
            Policy

          

          	

          	

          	

          	
        

      
    


    The questions about the Defense Strategy, strengthening deterrence, and the proficiency and sufficiency of Air Force Actions, from the perspective of the DOTMLPF-P, were answered, according to the following link:


    
      
        
          	
            Link to the full form (survey link)

          

          	
            https://docs.google.com/forms/d/187HomSRXs0d6Sf1n9CpxtK-FDLEhhiXVGkyJrTz25to/edit?pli=1&pli=1

          
        

      
    

  


  
    APPENDIX B - Calculation of sample probability


    The group of people, the population of this scientific research, consisted of 50 (fifty) individuals, among them military personnel who were managers of the KC-390 project and senior, middle and junior officers who flew the aircraft between 2019 and 2023. In addition, representatives of nations that have already purchased, are in the process of purchasing or intend to purchase the Millennium aircraft were also included. Nineteen (48) individuals responded to the questionnaire, and this sample is considered non-probabilistic, with its parameters given by the sample calculation formulas according to Larson and Farber (2016):


    
      [image: ](1)
    

    Where: n = sample number; p = population proportion of success; q = proportion of non-success; z = confidence level coefficient; and E = margin of error.


    According to these authors, the 90% confidence level can be used for the related research. The z coefficient for this level is given by Larson and Farber as 1.64. Considering the sample of this research work, the p and q values for the normal distribution curves can be considered equal to 0.5 (Larson and Farber, 2016). In addition, for populations considered to be finite, the correction coefficient presented by Babbie (2016) of:


    
      [image: ] (2)
    

    The sample had no correction factor.


    So, E = 1.64 x (0.5 x 0.5/19)ˆ1/2 = 0.0431 or 4.31%.


    Thus, the study population was 50 individuals, with a sample of 48 respondents, with no correction factor, a 90% confidence level and a margin of error of 4.31%.

  


  
    APPENDIX C - The KC-390 as a contribution to deterrence in South America


    The items contained in the suggestions in Chapter 5 have been adapted in this appendix to a final product structure, as recommended by CAPES for professional doctorates. In addition, this part can be detached from the main text for consideration by BoD-PPGCA at EMAER.


    Thus, this appendix is a summary of the main suggestions mentioned in the thesis, facilitating the dissemination and discussion of this information among the authorities within the General Staff of the Air Force (EMAER). Subsequently, this document could result in an official communication to the Ministry of Defense (MoD) and the Ministry of Foreign Affairs, with a view to the feasibility of implementing the suggestions made in this study.


    In addition, it would also be appropriate if EMAER proposed the formation of a Working Group, including officers from the Brazilian Air Force (FAB), focused on developing strategies for the collaborative development of the South American Air Forces. The KC-390 aircraft would be one of the main axes of this integration. This measure would not only strengthen regional relations, but also maximize the use of the Millennium aircraft in a variety of missions, boosting security and cooperative progress on the South American continent.


    Another proposal to promote cooperation between South American nations involves integrating the research results of graduate programs, such as PPGCA and PPGAO, into international forums such as the IADB and SICOFAA, where Brazil is already active. In addition, it is suggested that the Board of Directors (BoD) of the Graduate Program in Aerospace Sciences (PPGCA), in accordance with ICA 37-957, Strategic Governance of Graduate Programs, be used to evaluate and apply completed research in a practical way.


    Summary:


    This proposal aims to draw up a strategic plan for cooperation between the South American Air Forces, highlighting the role of the KC-390 Millennium aircraft as a central platform for technological and operational integration. Through an official document from the Air Force University (UNIFA) to the Air Force General Staff, it is suggested that the multifunctional capabilities of the KC-390 be included in regional integration studies, with the potential to be presented at international forums such as the IADB and SICOFAA.


    1. introduction:


    The KC-390 represents a unique opportunity for Brazil to lead regional cooperation and development efforts, offering a versatile platform capable of performing a wide range of missions. This document proposes using this aircraft as a catalyst for strategic partnerships and technological development between South American nations.


    2. Objectives of the proposal:


    • Strengthen regional cooperation through the interoperability of the Air Forces.


    • Promoting the Brazilian and South American aerospace industry through technological and industrial partnerships.


    • Use the KC-390 as a tool for defense diplomacy and strengthening political and military ties in the region.


    3. Proposed Strategies and Actions:


    a. Operational integration:


    • Combined exercises using the KC-390, emphasizing in-flight firefighting operations, humanitarian aid and in-flight refueling.


    • Propose strengthening a working group within the IADB and SICOFFA to develop common operational doctrines and interoperability protocols.


    • In the context of implementing the KC-390 in South America, international cooperation models such as SAC (Strategic Airlift Capability) and ATARES (Air Transport & Air-to-Air Refueling and other Exchange of Services) present viable solutions that do not require the creation of a specific agency. SAC, which is a NATO consortium aimed at sharing strategic transport capabilities, and ATARES, a European agreement for the exchange of air transport and refueling services, can be adapted to promote military cooperation in the South American region.


    b. Technological and industrial partnerships:


    • Establish technical cooperation agreements with South American countries, with a view to jointly developing technologies applicable to the KC-390.


    • The C-390 Millennium, an EMBRAER tactical transport aircraft, has great potential to be adapted as a gunship, with, for example, the installation of a rotating 30 mm gun and the ability to carry various armaments on its wings. This adaptation would expand its functionalities and increase its relevance in regional deterrence and rapid response scenarios, especially with its advanced self-defense countermeasures system, which improves its survival in hostile environments. Compared to the AC-130, which is effective in asymmetric warfare, adapting the C-390 strengthens Brazil’s capacity for complex missions. The creation of an AC-390 version of the Millennium aircraft is within the capabilities of the national industry and is in line with the country’s defense planning. This initiative not only enables the development of technological, industrial and operational expertise related to this offensive platform, but also responds to the challenges Brazil faces in guaranteeing its territorial sovereignty. In addition, it could represent an excellent business opportunity on the international market, especially in South America. Thus, the versatility of the Millennium aircraft, which allows it to perform combat and transport missions, strengthens Brazil’s position in military diplomacy, boosting its defense economy and capacity in Science, Technology and Innovation (ST&I).


    • Draw up or strengthen agreements, exploring opportunities for greater commercial exchange and technology transfer.


    c. Use of Academic Resources:


    • Integrating postgraduate research and projects, both in the technological area (PPGAO) and in the humanities (PPGCA and PPDHO), to develop new capabilities and innovative solutions for the KC-390.


    • Promote combined conferences and publications within SICOFFA, presenting research results and fostering academic debate.


    d. Export Promotion and Defense Economy:


    • Highlight the economic value of KC-390 exports compared to traditional products such as iron and soybeans, emphasizing the impact on the trade balance.


    • Explore the integration of the F-39 Gripen and the KC-390 Millennium in combined missions, increasing the added value of Brazilian defense exports.


    Conclusion:


    The adoption of these proposals by EMAER, followed by their presentation to the Ministry of Defense and the Ministry of Foreign Affairs, could consolidate Brazil’s position as a leader in defense cooperation in South America.


    The proposal also includes the integration of research results from postgraduate programs in international forums, such as the IADB and SICOFAA, as well as the effective action of the Board of Directors to evaluate and apply research in a practical way. The creation of a Working Group focused on developing strategies for cooperative progress on the South American continent is also suggested. This set of actions represents an important initial step towards achieving these objectives, offering a clear path for the future involvement of the KC-390 Millennium aircraft in the South American scenario.


    This versatility of the aircraft, which enables it to perform combat and transport missions, reinforces Brazil’s leadership in military diplomacy, leveraging its defense economy and ST&I capacity. Thus, cooperation around the C-390 not only improves the operational capacity of the South American armed forces, but also strengthens Brazil’s position as a central player in defense initiatives in the region, integrating technological development efforts and promoting a more robust security environment.


    In this way, the KC-390 will be used as a means to promote regional integration and technological development, consequently serving as a deterrent tool on the continent. This approach reflects the concept of Smart Power, combining Hard Power, represented by the KC-390’s military deterrence capability, with Soft Power, which manifests itself in promoting regional integration and cooperation, strengthening South American alliances and boosting joint technological advancement.


    The thesis “The KC-390 in Aerospace Power: a contribution to deterrence in South America” proposes updating the Concept of Employment (CONEMP) of the KC-390 to incorporate the Smart Power approach, prioritizing missions that integrate Hard and Soft Power actions. This strategy aims to strengthen Brazil’s role as a regional leader and global player. The combination of the KC-390’s military and humanitarian capabilities exemplifies Joseph Nye’s Smart Power principle, which argues that maximum effectiveness is achieved by balancing coercion and attraction, adapting the strategy to the specific needs of the South American context.

  


  
    APPENDIX D - AC-130J Ghostrider operational benchmarking


    Based on the benchmarking of the AC-130J Ghostrider, EMBRAER’s C-390 has great potential to be converted into a gunship version. The proposal for the Millennium aircraft includes the installation of a 30mm rotary gun, as well as wing-mounted armaments, considerably expanding its combat capabilities in different operational scenarios.


    Thus, the possible combination of the Millennium’s weapons capabilities and the KC-390’s built-in sensor systems, such as the electro-optical and infrared device (EO/IR Pod), strengthens the effectiveness of air operations, allowing for a more precise and safer response in combat scenarios.


    This article discusses the capabilities and operational history of the AC-130J Ghostrider, which remains in operation in the USAF, performing essential strike and close air support missions.


    Figure 20 - AC-130J Ghostrider


    
      [image: Uma imagem contendo Gráfico  Descrição gerada automaticamente]
    

    Source: USAF by Sergeant Christopher Boitz (2021).


    Mission


    The AC-130J Ghostrider’s main missions are close air support, air interdiction and armed reconnaissance. Close air support missions include troops in contact, convoy escort and point air defense. Air interdiction missions are conducted against pre-planned targets or targets of opportunity and include strike coordination and joint reconnaissance and surveillance missions. The AC-130J provides ground forces with an expeditionary direct-fire platform that is persistent, ideal for urban operations and delivers low-yield precision munitions against ground targets.


    Capabilities 


    The AC-130J is a highly modified C-130J aircraft that contains many advanced features. It contains an advanced flight station for two pilots with fully integrated digital avionics. The aircraft is capable of extremely precise navigation due to the fully integrated navigation systems with dual inertial navigation systems and global positioning system. The aircraft’s defense systems and weather radar are also integrated.


    In addition, the AC-130J is modified with the Precision Strike Package, which includes a mission management console, a robust communications suite, two electro-optical/infrared sensors, advanced fire control equipment, precision guided munitions delivery capability, as well as 30 mm and 105 mm armaments. The mission management system is capable of merging information on sensors, communications, environment, order of battle and operational threats.


    Operational history


    The AC-130J is a fifth-generation aircraft that replaces the ageing AC-130U/W fleet. The AC-130s have an extensive combat history dating back to Vietnam, where they destroyed more than 10,000 cargo vehicles and were responsible for many life-saving close air support missions. Over the past four decades, AC-130s have been constantly deployed to hotspots around the world in support of special operations and conventional forces. In Africa, Europe and throughout the Middle East, these gunship vectors have contributed significantly to the success of missions.


    The AC-130J aircraft was officially designated Ghostrider in May 2012. The first AC-130J aircraft completed development and evaluation tests in June 2015. Initial operational capability was reached in 2017; full operational capability is scheduled for 2025. The first AC-130J squadron, the 73rd Special Operations Squadron, was activated at Hurlburt Field, Florida, on February 23, 2018. The last delivery of the AC-130J is scheduled for fiscal year 2024.


    General characteristics 


    Main function: Close air support and air interdiction with collateral missions associated.


    Contractor: Lockheed Martin.


    Engine: Four Rolls-Royce AE 2100D3 turboprops.


    Thrust: 4,700 shaft horsepower per engine.


    Speed: 362 knots.


    Ceiling: 28,000 feet.


    Maximum take-off weight: 164,000 lbs.


    Range: 3,000 miles;


    Length: 132 feet 7 inches (39.7 meters).


    Length: 97 feet 9 inches (29.3 meters).


    Height: 39 feet 2 inches (11.9 meters).


    Crew: Two pilots, one combat systems officer, one systems operator a sensor operator and four special mission aviators.


    Armament: Precision attack package with 30 mm and 105 mm cannons


    Standoff precision-guided munitions (i.e. small bombs)


    diameter GBU-39, GBU-69 ammunition, AGM-114 Hellfire missile and


    AGM-176 Griffin missile).


    Implementation date: July 2019.


    Unit cost: $165 million.


    Inventory: Active service, there are 37 active units until the year 2024.


    The proposal to convert the EMBRAER C-390 Millennium into a gunship version, similar to the AC-130J Ghostrider, involves the installation of advanced armaments and systems to expand its combat capabilities. Below, we present a comparison between the AC-130J Ghostrider and the C-390 Millennium, highlighting relevant features for this potential conversion:


    Chart 7 - Comparison between the AC-130J Ghostrider and the C-390 Millennium


    
      
        
          	
            Features

          

          	
            AC-130J Ghostrider

          

          	
            C-390 Millennium

          
        


        
          	
            Manufacturer

          

          	
            Lockheed Martin

          

          	
            Embraer

          
        


        
          	
            Motorization

          

          	
            Four Rolls-Royce AE 2100D3 turboprops, each with 4,700 shp

          

          	
            Two IAE V2500-E5 turbofans

          
        


        
          	
            Maximum speed

          

          	
            Approximately 362 knots (670 km/h)

          

          	
            Approximately 465 knots (860 km/h)

          
        


        
          	
            Operational Ceiling

          

          	
            28,000 feet (8,534 meters)

          

          	
            36,000 feet (10,973 meters)

          
        


        
          	
            Maximum Take-Off Weight (MTOW)

          

          	
            164,000 pounds (74,389 kg)

          

          	
            185,188 pounds (84,000 kg)

          
        


        
          	
            Load capacity

          

          	
            Up to 20 tons (approx. 44,000 pounds)

          

          	
            Up to 26 tons (approx. 57,000 pounds)

          
        


        
          	
            Armaments

          

          	
            30 mm and 105 mm cannons, as well as precision guided munitions such as GBU-39, GBU-69, AGM-114 Hellfire and AGM-176 Griffin

          

          	
            Proposed installation of a rail-mounted armament system on the rear side doors, as well as wing-mounted armaments with the possibility of integrating precision-guided munitions; sensor systems such as the EO/IR Pod already incorporated

          
        

      
    


    Source: The author.


    Considerations for converting the C-390 into a gunship:


    a) Performance and Mobility: The C-390 offers greater speed and operational ceiling compared to the AC-130J, allowing for faster responses and greater flexibility in combat operations;


    b) Cargo Capacity: With a higher cargo capacity, the C-390 can accommodate a greater variety of armaments and additional systems required for the gunship role;


    c) Operational Efficiency: The use of commercial turbofan engines in the C-390 may result in lower operating and maintenance costs compared to the AC-130J’s turboprops; and


    d) Mission suitability: Although the AC-130J is designed specifically for close air support and air interdiction missions, converting the C-390 for a similar role would require significant modifications in terms of armament, targeting systems and ballistic protection.


    The conversion of the C-390 Millennium into a gunship version could have promising potential, combining the versatility and performance of the platform with enhanced combat capabilities. However, it is essential to carry out a detailed analysis to ensure that the modifications meet the operational requirements that will be established.
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