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Abstract. This work aims to map hydraulic and pneumatic system applications in military machinery and equipment.
Hydraulic and pneumatic systems used in the Army are very significant due to their advantages such as the high forces
through small devices (high power density) and high response velocity, due to fast-acting with high accelerations, and
besides being reliable systems. As a methodology for this work, various databases of scientific papers and research
reports were used in order to verify previously developed solutions and monitor the design evolution of mechanisms and
fluid power systems used by the Army. As result, a new viewpoint about military machinery centered on three main
modular systems is presented including: mechanisms, power drive system, and control system. Highlighting the power
drive system, the current state of hydraulic and pneumatic systems is discussed, and it is shown how they are being used
in machinery and equipment by the Army.
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1. INTRODUCTION

The Army, as well as civil companies, face similar problems such as decreasing budget, increasing capacity, increasing
efficiency and a constant concern to be updated to keep up with or stay ahead of the concurrence, but their product
development and constraints may be different. Mittal and Caddell (2021) and Harnack (2012) present one important
difference which is the product's lifecycle. According to Harnack (2012), military products are commonly designed to
last more than 20 years. Many military products use fluid power into their systems to perform their functions. Besides
that, fluid power systems also have energy storage capacity through hydropneumatic accumulators, self-lubricating
properties, best reliability in hard work, and flexibility of installation of their actuators through a combination of hose and
low weight actuators (Durfee et al., 2015; Linsingen, 2001).

This paper aims to map hydraulic and pneumatic applications in military machinery and equipment. The mapping was
done by systematic research at databases of journals, technical magazines, conferences, and books to classify the use of
fluid power in military equipment and machinery. It was done through two approaches, a restrictive approach, which
criteria were developed and all of them must be attended, and a comprehensive approach, which some of the criteria of
the first approach may not be attended, in other words, military applications may appear instead of military equipment.

The rest of this paper is organized as follows. Section 2 presents the literature review containing fundamental review
principles and data collection. Followed by Section 3, which discusses the data found, their results, and their impact. At
last, Section 4 presents conclusions.

2. LITERATURE REVIEW

The basis of this literature review is military equipment and fluid power. It is necessary to define each term to find
their applications. After defining these terms, the state of the art is presented.

2.1 Military equipment

During this research, many papers and works dealing with military equipment were found in literature, however, a
clear difference between military and non-military equipment is not identified. Its lack may impact other definitions. For
example, according to Qiang et al. (2011), there is not a precise definition of Military Equipment Lean Maintenance.
More definitions or a consensus of one definition of military equipment would help to develop the Military Equipment
Lean Maintenance definition. All definitions found about military equipment are listed below.
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Alexander (1988) describes military equipment, like most other products, as a set of attributes grouped into familiar
categories such as performance, cost, reliability, and style. For this type of equipment, reliability has an important role,
which must be demanded. Middleton et al. (2006) state that "the function of military equipment is to provide tools to
allow the armed services to discharge their full spectrum of envisaged activity and to do it well".

On the other hand, the Brazilian Army (Estado-Maior do Exército, 2003) describes Military Employment Material as
armament, ammunition, military equipment, and other naval, air, land, and amphibious materials or means for private or
characteristic use of the armed forces, as well as their spare parts and accessories. The Brazilian Army (Estado-Maior do
Exército, 2003) also describes equipment as all items, except uniforms and armaments, necessary to equip a military or
military organization to perform a mission.

Based on the definitions above, the authors of this paper assume that military equipment can be divided into two
categories. The first is the equipment of private or characteristic use of the armed forces. For example, armament and
ammunition. The second is the equipment (typically non-military) that is being used for military purposes. For example,
a vehicle.

Modern military equipment consists of a mechatronic system because it comprises mechanical, electrical/electronic,
and information systems and must present high efficiency and accuracy. According to Valdiero and Rasia (2016),
mechatronics systems are centered on three main modular systems: mechanisms, power drive system, and control system.
The mechanism is a mechanical part that performs the movements of the structure or kinematic chain. The power drive
system is responsible for the application of force on prismatic joints or torque on rotating joints in the system. The power
drive can be electrical, hydraulic, or pneumatic and it produces a movement of the mechanism. The Control system is the
hardware and software part responsible for obtaining and issuing a response signal to start or stop.

The Ministry of Defense works to implement policies and initiatives that seek to improve the operational capacity of
the Navy, Army, and Air Force with the search for technological autonomy (Ministry of Defense, 2020). This
modernization will increase effectiveness, efficiency, and capacity of the Army machinery and equipment. In consequence
of this modernization, the Army will be able to fulfill its missions in the best way possible. This work is intended to show
the evolution of equipment and technologies used and to identify where the applications of fluid power systems best suit,
besides identifying product ideas and characteristics desirable that have not yet been developed as a way of viewing future
products. Within this context, the definition of fluid power systems is presented below.

2.2 Fluid power

Adapting from Linsingen and De Negri (2020), one can define “a fluid power system, from a general perspective, is
an arrangement of interconnected components that uses fluid under pressure to provide energy transmission and control”.

Power drive, which uses liquid, like oil or water, is a hydraulic system and when using air it is a pneumatic system.
Fluid power circuits feature a conversion of mechanical energy to fluid energy and then convert fluid energy back to
mechanical energy (Cundiff and Kocher, 2020). Figure 1 illustrates this concept.

Fluid power applications have many advantages as they can achieve high force and high response velocity. It has a
high power density due to its small size. It has an energy storage capacity through hydropneumatic accumulators. The
fluid itself has self-cooling properties. Hose and lightweight actuators make its installation flexible. As downside
hydraulic fluid needs to be filtered, it can cavitate and cause loss of precision, and fluid power components have some
inherent nonlinearities characteristics as friction and leakage.

Mechanical Hydraulic Mechanical
e == —— -
Energy Energy Energy

Figure 1. lllustration of the concept of fluid power (adapted from Cundiff and Kocher, 2020)
2.3 Research Methodology

As a methodology for this approach, various databases of scientific papers and reports were used to verify previously
developed solutions. As a first approach, focusing on finding recent studies related to military equipment with fluid power
systems, criteria presented in Table 1 were used.

Table 1 presents the inclusion criteria. For this approach, an exclusion criterion was also used. If one of the criteria
is just cited or used as an example and it is not a part of the subject, then the article found is excluded. In other words, if
the work in analyzes loses focus on one of the military, equipment, or fluid power criteria it is excluded. Table 2 presents
the results found.
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Table 1. Criteria and their explanations.

Criteria Explanation
The work in analyses must be related to
the military area
Related to equipment or The work in analyses must be related to
machinery any sort of equipment or machinery.
The work in analyses must be related to
the application of fluid power

Military related

Fluid power related

Table 2. Recent research of fluid power.

Application Reference
Armored Engineering Vehicle Dabing et al. (2019)

. Wei et al. (2019)
Artillery Nie et al. (2018)
Exoskeleton robots Kim et al. (2015)
Tank Gun Zhang et al. (2020)
Tracked Armored Vehicles Guogiang and Xingye (2014)

Furthermore, a more comprehensive approach was used in order to map military equipment and machinery that uses
fluid power. For this research, it is considered Brazilian Army description of Military Employment Material considering
private or characteristic use of the armed forces. As a methodology for this approach, databases of scientific papers and
reports were used to verify previously developed military solutions. As a result of this research, all criteria of Table 1 may
not be attended, but through the references presented it is possible to identify the use of fluid power on those equipment
and machinery. The result of this research is presented in Table 3.

Table 3. Applications of fluid power.

Application Reference
. Arbuzov et al. (2019)
Aircraft Wheeler (2016)
Ammunition Transportation Yun-long et al. (2011)

Bartnicki et al. (2016)
Tran et al. (2019)
Jha et al. (2018)
Liang et al. (2018)
Chen et al. (2009)

Explosive Ordnance Disposal

Exoskeleton

Missile Li et al. (2008)
Ship Bruzzese et al. (2013)
Simulation Tester Xu et al. (2019)
Tank Sundaresh (2016)

Bartnicki and Klimek (2019)

Unmanned Ground Vehicle Tran et al, (2006)

After the use of the research methodology and review of the papers, the applications of fluid power systems in military
equipment were systematized and presented in section 3.1.

3. RESULTS AND DISCUSSION
3.1 Fluid power in military equipment
As a result of the research, Table 4 was consolidated. It presents where some studies from tables 2 and 3 are applied,

the purpose why fluid power system is applied, and the hydraulic or pneumatic components that were utilized for the
design of the fluid power system circuit.
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Table 4. Applications, functionality, and conceptions of fluid power in military equipment.

Application Functionality The conception of fluid power system Reference
Reliable positing of an A r_\ydraul_ic system compose'd'of: Dpub]e- _
Armored vehicle arm (gun, winch) with a acting cylinder; 4-way 3-p_05|t|on directional Dabing et al.
' control valve; Pressure relief valve; Bypass (2019)

linear actuator

valve; Reservoir and Filter.

Armored Vehicle

Shifting gear

A pneumatic system composed of: Double-
acting cylinder; Single-action cylinder
retraction by spring; 5-way 3 position
directional control valve; 4-way 2-position
directional control valve Proportional pressure
control valve; Accumulator; Pressure relief
valve; Primary energy conversion unit.

Guogiang and
Xingye (2014)

Self-propelled
Artillery

Acrtillery projectile
transfer arm

A hydraulic system composed of: Double-
acting cylinder; 4-way 3-position directional
control valve.

Wei et al. (2019)

Elevation-balancing
Machine of Artillery
Platform

Precision control of the
electro-hydraulic
position servo system

A hydraulic system composed of: Double-
acting telescopic cylinder; 4-way 3-position
directional control valve; Accumulator.

Nie et al. (2018)

Exoskeleton Robot

Carry heavy loads

A hydraulic system composed of: Double-
acting cylinder; 4-way 3-position directional
control valve; 2-way 2-position directional
control valve; Hydraulic pump with fixed-
displacement; Check valve; Reservoir; Primary
energy conversion unit.

Kim et al. (2015)

Tank Gun

Rapid response positing

A hydraulic system composed of: Double-
acting cylinder; Accumulator; Check valve;
Pressure relief valve; 2-way 2-position
directional control valve; Primary energy
conversion unit; Hydraulic motor Fixed-
displacement, two directions of flow, two
directions of rotation.

Zhang et al. (2020)

Unmanned Ground
Vehicles

Increase the working
capacity

A hydraulic system composed of: Double-
acting cylinder; 4-way 3-position directional
control valve; Hydraulic pressure boosters;
Accumulator; Hydraulic pump with variable-
displacement; Pressure relief valve; Reservoir;
Filter; Check valve; Primary energy conversion
unit.

Bartnicki and
Klimek (2019)

Improve the robust

A hydraulic system composed of: 4-way 3-
position directional control valve; Pressure
relief valve; Accumulator; Reservoir with

Missile performance of the drain; Filter: Hydraulic pump with variable- Chen et al. (2009)
system - 2 - .
displacement; Primary energy conversion unit;
Hydraulic motor with fixed-displacement,
A hydraulic system composed of: Double-
Determines the viability |acting telescopic cylinder; 4-way 3-position
Missile and reliability of the directional control valve; Pressure relief valve; Li et al. (2008)
armament system. Reservoir; Hydraulic pump with fixed-
displacement.
A hydraulic system composed of: Double-
N Simulate vibration test acting cylind(.er; 4-way 3-p_osition d.irectional
Ammunition of ammunition control valve; Pressure_ relief valvg, _ Yun-long et al.
Transport Accumulator; Reservoir; Hydraulic pump with (2011)

transportation

fixed-displacement; Primary energy conversion
unit.
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3.2 State of art

Five military applications of fluid power circuits from Table 4 were chosen to exemplify the current state of the art,
how they are applied, and it is also presented some advantages and disadvantages in each case.

3.2.1 Exoskeleton robot

Kim et al. (2015) built an exoskeleton robot to increase mobility and the ability to carry heavy loads. The chosen
control system was the virtual joint torque control method because it has shown good human-robot interaction. The power
drive through hydraulic actuators is used for having a high power density (produces high force with a low weight device),
even having a relatively low accuracy and some non-linearity.

Hydraulic systems, represented in Fig. 2, aim to provide high force through a low weight system. This system consists
of: an engine, a reservoir, a pump, control valves, temperature sensors, and double-acting cylinders.

Double acting cylinder stance mode
stance L35
o 3-way servo valve "
" a
UTE Ht ]
check >/ i b - .
valve ' swing activell 3
\ mode 2
T B % o o
| ; < B: g - g
S P — e R
Vi Bypass val | ) / actuators
Motor S f’ i
| . o ]
Pum Tank == 7 Aa—m"
P ! F /. /\
passive poz
moduie 4
Tank 4 /

Figure 2. The conception of an exoskeleton robot (adapted from Kim et al., 2015)

3.2.2 Missile

Chen et al. (2009) propose an advanced method of active disturbance rejection control (ADRC) to tactical missiles.
This method aims to improve the dynamic response and the robust performance of the electro-hydraulic actuator. During
the flight, the rudder passes through relevant external disturbances. These disturbances can affect the hinge moment and
rudder angle. An electro-hydraulic actuator was chosen because it provides a high driving force with low mass and small
volume, fast and continuous response.

The hydraulic system, shown in Fig. 3, is composed of: digital control, current amplifier, directional control valve,
pressure relief valves, accumulator, potentiometer, and hydraulic motor. The hydraulic system aims to control the angular
position of the rudder.

Current Digital
Amplifier Controller +

Figure 3. Electro-hydraulic system (source: Chen et al., 2009)
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3.2.3 Armored Vehicle

Guogiang and Xingye (2014) carried out a refit in the automatic mechanical transmission (ATM) based on the
shaft-fixed mechanical transmission gearbox to shift gears rapidly and smoothly. The shaft-fixed mechanical transmission
gearbox usually fatigues the drivers because the drivers need to shift gears frequently.

The gear shifting is automated through ATM which requires a control system and a power system. The power
system, represented in Fig. 4, is a pneumatic system composed of: gearshift cylinders, directional control valve, pressure

relief valve, proportional pressure control valve, accumulators, air compressor, and a single action cylinder with a
retraction by spring.

a10 Af1 AT2 AT2 ATa ATS

S SR LR
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="t @
- E Clutch cylinder
R | <
=

Figure 4. Pneumatic AMT control system (adapted from Guogiang and Xingye, 2014)

3.2.4 Tank Gun

Zhang et al. (2020) propose the substitution of the original actuator of a tank gun for a new electro-hydrostatic actuator
(EHA) which has a faster response (Fig. 5). The original valve-controlled servo actuator has high control precision and
fast response, but it is easily contaminated and has a high cost. The new electro-hydraulic actuator has low energy
consumption, low volume, low weight and it is highly reliable. The electro-hydraulic actuator system is composed of:
hydraulic cylinder, directional control valve, filter, check valve, pressure relief valve, accumulator, pump, sensor, motor,
controller, and driver.
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Figure 5. Electro-hydraulic system (adapted from Zhang et al., 2020)
3.2.5 Unmanned Ground Vehicles

Bartnicki and Klimek (2019) studied the use of a hydraulic amplifier in the drive system of an Unmanned Ground
Vehicle. Many Unmanned Ground Vehicles are powered by electricity because it has low consumption of energy which
guarantees a greater working time. Since electrical actuators have low power density, a combination of electric and
hydraulic drive systems will solve this problem. The resulting system will increase working capacity while using low
electric consumption.
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The hydraulic system is composed of: an electric motor or fuel motor, pump, check valve, pressure relief valve,
directional control valve, pressure intensifier, hydraulic cylinder, sensor, filter, and reservoir.

a2

O T L —_—————

Figure 6. Hydraulic system with pressure amplifier of Unmanned Ground Vehicle (adapted from Bartnicki and
Klimek, 2019)

3.3 Data collection

As a result, it was expected to find a greater number of related research for both the approach of military equipment
state of art review and for the approach of use of military equipment, presented in section 2.3. This is due to the fact that
there are many papers carried out aiming at applications that may not be military.

The restrictions imposed by the criteria of Table 1 may exclude research that may be indirectly related to the objective
of this work. The research found may not be directly related to equipment, machinery, or military application, but it can
be indirectly applied in this type of equipment. Either through direct application or as part of an equipment subsystem.
This can be seen from the point of view of the use of off-the-shelf products as defense equipment (Mathopo and
Marnewick, 2017) and from the point of view of Harnarck (2012) who says that the use of off-the-shelf products with
shorter life cycles are often used as components.

A similar interpretation can also be obtained by remarking the function of military equipment stated by Middleton et
al. (2006). When non-military equipment fulfills the function requirements of military equipment, that non-military
equipment can be used as military equipment. As an example, a pneumatic muscle for robotic manipulators (Robinson et
al., 2015) can have applications in the military area.

Another explanation for fewer paper publications of state of art regarding military equipment is that information may
be classified information. Information security is important for many groups as industry, government, and academia
(Schumacher and Ghosh, 1999).

3.4 Data analysis

Through the data obtained from tables 2 and 3 and the point of view of the use of off-the-shelf products, it is possible
to notice that the use of fluid power applications is very comprehensive. Due to the wide application of non-military
system solutions in military equipment, the evolution of such equipment and technology will follow non-military
technologies. Taking this into account, it can be noticed that equipment that does not use fluid power can benefit from it.
For example, ammunition can indirectly benefit from the ammunition transport study by Yun-long et al. (2011).

From Table 4 it can be seen that there is a wide variety of fluid power applications with different functionalities. This
is a consequence of the variety of fluid power circuits. These conceptions, either hydraulic or pneumatic, can be improved
in two different ways: firstly, using the same circuit with better and more efficient components. For example, the use of
Digital Hydraulic Actuator (Belan, 2018) or Electro-Hydrostatic System (Agostini et al., 2020) in substitution of the
Electro-Hydraulic Actuator. Secondly, through designs with different circuits that provide greater efficiency or work
capacity to the equipment. The best application of fluid power depends on the scenario that it is applied due to their
constraints inherited.

Regarding the military equipment evolution, it was noticed that they are turning into mechatronic systems to improve
their accuracy, response, and effectiveness. The military equipment, which already is mechatronic systems, is evolving
by improving its parts either being mechanism, power drive, or system control. For example, Guogiang and Xingye (2014)
carried out a refit on a tracked armored vehicle to improve the shifting gear. Another example is the study of Bartnicki
and Klimek (2019) developing a hybrid electric and hydraulic system to provide higher force with lower consumption of
energy.
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A mechatronic equipment system can be divided into 3 parts (mechanism, power drive system, and control system).
Even with the improvement of the control system or mechanism a power drive will still be necessary to produce the force
or to generate the movement. This shows the importance of power drive and fluid power.

4, CONCLUSION

It was not found a clear definition of the difference between military and non-military equipment, as it depends on
the purpose for which the equipment is being used. Based on other definitions, the authors present a new point of view of
military equipment.

Even though military equipment does not directly utilize fluid power technology, there are several indirect ways in
which it benefits from it. Therefore, it can be concluded that the application of fluid power is increasing as the equipment
becomes mechatronic systems to increase efficiency, accuracy, or capacity. Therefore, there are opportunities for
engineering improvement using more efficient technologies.

The results of this work can also serve as a guideline for future research and improvement of military equipment and
machinery considering new aspects of energy efficiency.

5. ACKNOWLEDGMENTS

The authors would like to express their gratitude to the Laboratory of Hydraulic and Pneumatic Systems (LASHIP)
and the Hardware Laboratory (LHW) of the Department of Mechanical Engineering of Federal University of Santa
Catarina (UFSC) for the support to this project (SIGPEX Numbers: 202002173, 202023266 and 202002437), to the
Brazilian Army, and to CNPq (National Council for Scientific and Technological Development) for the support to this
work. The opinions and findings expressed in this work are those of the authors and should not be interpreted as an official
report of the Army position, policy, or decision.

6. REFERENCES

Agostini, T., De Negri, V., Minav, T. and Pietola, M., 2020. "Effect of Energy Recovery on Efficiency in Electro-
Hydrostatic Closed System for Differential Actuator”. In Actuators of the Multidisciplinary Digital Publishing
Institute.

Alexander, A. J., 1988. “The Cost and Benefits of Reliability in Military Equipment”. Santa Monica, CA, USA. Issued
by The RAND Corporation.

Arbuzov, I. V., Serebryanskii, S. A. and Strelets, D. Y., 2019. “Forming the Technical Concept of Aircraft Power Systems
of the Perspective Aircraft Taking Into Account the Outside Mechanical Impacts”. In Proceeding of the IEEE 10th
International Conference on Mechanical and Aerospace Engineering (ICMAE), pp. 85-88.

Bartnicki, A., Krogul, P. and Spadlo, K., 2016. “Influence of an EOD engineer robot manipulator structure on the
effector's accuracy using intuitive control system”. In Proceeding of the 21st International Conference on Methods
and Models in Automation and Robotics (MMAR), pp. 1148-1153.

Bartnicki, A. and Klimek, A., 2019. “The Research of Hydraulic Pressure Intensifier for Use in Electric Drive System”.
In Proceeding of the IEEE Access, vol. 7, pp. 20172-20177.

Belan, H.C., 2018. Sistemas de atuacdo hidraulicos digitais para avides com foco em eficiéncia energética (in Portuguese).
Doctoral Dissertation, Graduate Program in Mechanical Engineering, Federal University of Santa Catarina,
Floriandpolis, Brazil.

Bruzzese, C., Tessarolo, A., Mazzuca, T. and Scala, G., 2013. “A closer look to conventional hydraulic ship actuator
systems and the convenience of shifting to (possibly) all-electric drives”. In Proceeding of the 2013 IEEE Electric
Ship Technologies Symposium (ESTS), pp. 220-227.

Chen, H., Peng, Z., Fu, Y. and Qi, X., 2009. “The application of active disturbance rejection control method to tactical
missile electro-hydraulic actuator”. In Proceeding of the 9th International Conference on Electronic Measurement &
Instruments, pp. 3-647-3-651.

Cundiff, J. S. and Kocher, M. F., 2020. “Fluid Power Circuits and Controls”. Boca Raton, FL, USA. Issued by CRC
Press Taylor & Francis Group. 2" Edition.

Dabing, X., Zhiqiang, C., Hao, G., Fei, W. and Yong, H., 2019. “Parameter Identification of Hydraulic System of Armored
Engineering Vehicle”. In Proceeding of the 2019 IEEE 8th International Conference on Fluid Power and
Mechatronics (FPM), pp. 127-132.

Durfee, W., Sun, Z. and de Ven, J.V., 2015. “Fluid Power System Dynamics”. Center for Compact and Efficient Fluid
Power. University of Minnesota, MN, USA

Estado-Maio do Exército, 2003. Manual de Campanha — C 20-1 - Glossario de Termos e Express6es para Uso no Exército
(in Portuguese). Basilia, DF, Brazil. 32 Edic&o.

Guogiang, L. and Xingye, W., 2014. “Design and test of pneumatic AMT control device”. In Proceeding of the 2014
IEEE Conference and Expo Transportation Electrification Asia-Pacific (ITEC Asia-Pacific), pp. 1-5.



26" ABCM International Congress of Mechanical Engineering
November 22-26, 2021. Florianépolis, SC, Brazil

Harnack, J., 2012. “Life cycle planning from product development to long term sustainment”. In Proceeding of the 2012
IEEE AUTOTESTCON, Anaheim, CA, USA, pp. 29-33.

Jha, P., Savla, K. and Shah, D., 2018. “Exoskeleton Arm. In Proceeding of the 2018 International Conference on Smart
City and Emerging Technology (ICSCET) ", pp. 1-6.

Kim, H., Seo, C., Kim, J. and Kang, Y. S., 2015. “Locomotion control strategy of hydraulic lower extremity exoskeleton
robot”. In Proceeding of the 2015 IEEE International Conference on Advanced Intelligent Mechatronics (AIM), pp.
577-582.

Li, X., Zhang, Z., Zhou, Z. and Huang, X., 2008. “Research on fault diagnosis of hydraulic system in missile armament
simulation system based on HLA”. In Proceeding of the Asia Simulation Conference - 7th International Conference
on System Simulation and Scientific Computing, pp. 291-294.

Liang, C., Hsiao, T. and Hsiao, C., 2018. “Joint Torque Estimation of a Powered Exoskeleton Under Compliance Control
Loop”. In Proceeding of the 2018 International Automatic Control Conference (CACS), pp. 1-6.

Linsingen, I, 2001. "Fundamentos de sistemas hidraulicos"” (in Portuguese). Floriandpolis, SC, Brazil. Issued by Editora
UFSC.

Linsingen, I. and De Negri, V. J., 2012. “Fundamentals of Hydraulic Systems and Components”. In Handbook of
Hydraulic Fluid Technology. Boca Raton, FL, USA. Issued by CRC Press Taylor & Francis Group. 2nd Edition.
Mathopo, S. and Marnewick, A., 2017. “Selection process for commercial-off-the-shelf products used as defence

equipment”. In Proceeding of the 2017 IEEE AFRICON, pp. 682-687.

Middleton, A., Bowns. S, Hartley, K. and Reid, J., 2006. “The Effect of Defence R&D on Military Equipment Quality”.
Issued by Defence and Peace Economics. Vol. 17(2), April, pp. 117-139.

Ministry of Defense, 2020. Industry of Defense, https://www.gov.br/defesa/pt-br/assuntos/industria-de-defesa/industria-
de-defesa. Accessed 27 August 2021.

Mittal, V., and Caddell, J., 2021. “Adapting a Military System for Other Markets Early in the Development Lifecycle”.
In Proceeding of the IEEE Transactions on Engineering Management, pp. 1-14.

Nie, S., Qian, L., Tian, L. and Zou, Q., 2018. “Adaptive Sliding Mode Control for Electro-hydraulic Position Servo
System of the Elevation-balancing Machine of Artillery Platform”. In Proceeding of the 2018 IEEE 4th Information
Technology and Mechatronics Engineering Conference (ITOEC), pp. 731-735.

Qiang, T., Zhu, B. and Li, L., 2011. “A study on Military Equipment Lean Maintenance”. In Proceeding of the
International Conference on Quality, Reliability, Risk, Maintenance, and Safety Engineering, pp. 581-583.

Robinson, R. M., Kothera, C. S. and Wereley, N. M., 2015. “Variable Recruitment Testing of Pneumatic Artificial
Muscles for Robotic Manipulators”. In Proceeding of the IEEE/ASME Transactions on Mechatronics, vol. 20, no. 4,
pp. 1642-1652.

Schumacher, H. J. and Ghosh, S., 1999. “Unifying the secure DoD network and public ATM network infrastructure. In
Proceeding of the MILCOM 1999 IEEE Military Communications”. Conference Proceedings, Atlantic City, NJ, USA,
pp. 719-723 vol.1.

Sundaresh, S., 2016. “Methodology for sizing and selection of PMSM motor for all electric drive Gun control system of
a battle tank”. In Proceeding of the IECON 2016 - 42nd Annual Conference of the IEEE Industrial Electronics Society,
pp. 6639-6644.

Tran, T. H., Nguyen, M. T., Kwok, N. M., Ha, Q. P. and Fang, G., 2006. “Sliding Mode-PID Approach for Robust Low-
level Control of a UGV”. In Proceeding of the IEEE International Conference on Automation Science and
Engineering, pp. 672-677.

Tran, T. D., Hnidka, J. and Van, D. C., 2019. “The Dynamic of Working Equipment of the Remotely Controlled Bomb
Disposal Machine”. In Proceeding of the 2019 International Conference on Military Technologies (ICMT), pp. 1-5.

Valdiero, A. C. and Rasia, L. A., 2016. “Gestdo de Projetos de Pesquisa e Desenvolvimento de Produtos Mecatronicos”.
In Desafios em Engenharia Industrial (in Portuguese). ijui, RS, Brazil. Issued by Editora Unijui. Vol. 1.

Wei, Y., Qian, L., Nie, S. and Yin, Q., 2019. “Adaptive Backstepping Sliding Mode Control for Electro-hydraulic Position
Servo System of The Artillery Projectile Transfer Arm”. In Proceeding of the 2019 IEEE 4th Advanced Information
Technology, Electronic and Automation Control Conference (IAEAC), pp. 893-898.

Wheeler, P., 2016. “Technology for the more and all electric aircraft of the future”. In Proceeding of the IEEE
International Conference on Automatica (ICA-ACCA), pp. 1-5.

Xu, X., Han, J., Cong, D. and Zheng, S., 2019. “High-power Impact Experimental Generation Analysis Using Hydraulic
Impact Simulation Tester”. In Proceeding of the 2019 IEEE 3rd Information Technology, Networking, Electronic and
Automation Control Conference (ITNEC), pp. 2098-2102.

Yun-long, D., Bao-hong, H., Jing-li, Q. and Ying-chen, M., 2011. “Study on Simulation for Simulation System of
Ammunition Road Transportation Based on Fuzzy Adaptive PID Control”. In Proceeding of the 2011 First
International Conference on Instrumentation, Measurement, Computer, Communication and Control, pp. 872-874.

Zhang, X., Fu, Y. and Gou, Z., 2020. “Research on EHA Control Strategy Used in Tank Gun”. In Proceeding of the 2020
IEEE International Conference on Advances in Electrical Engineering and Computer Applications (AEECA), pp.
1071-1077.



A. G. Mavignier, L. Andrade, C. Stoco, A. C. Valdiero and V. J. De Negri
Survey df Fluid Power Applications in Military Machinery

7. RESPONSIBILITY NOTICE

The authors are the only ones responsible for the printed material included in this paper.



