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ABSTRACT
 
This article contains a discussion of the advantages of the unique configuration of the Indonesian general purposes 
Unmanned Aerial Vehicles (UAV) equipped with the slanted tailplane. These UAVs—prototyped by the Indonesian 
Agency for the Assessment and Application of Technology (BPPT)—applied the V-tail and the Inverted V-tail plane 
configuration for their empennage construction. Such unconventional configuration has been implemented in the 
aircraft design, especially for the UAV. Previously, the conventional configurations are preferable due to the less of 
resource, lower effort and lower cost in the aircraft design. In the conventional empennage design, the tail consists of 
the vertical fin and horizontal tail plane joined to form the T-tail configuration. Although the vertical and horizontal 
tail construction decoupled the aircraft longitudinal and directional control, there is a higher risk of flutter occurrence 
at the T-tail joint. The conventional T-tail configuration also resulted in higher drag compared with the slanted tail-
plane, i.e. the V and the inverted V-tail plane. Since the UAV relied on the autopilot and autonomous flight features, 
thus a complex control mechanism of the slanted tailplane becomes an insignificant problem compared to the drag 
reduction obtained. This drag reduction significantly leads to the maximum range or endurance achievement in the 
UAV remote missions. Besides the benefit of the unconventional tail configuration, the wing and engine placement 
also brought practical advantages for UAV operations, for example, to impose special flight characteristics like flight 
agility or the Short Take-Off/Landing (STOL) and supporting the engine maintenance. Thus, the BPPT successful-
ly prototyped a V-Tail UAV named the BPPT-01B “Gagak” (means: the crow) and an inverted V-Tail UAV named 
BPPT-02A “Pelatuk (means: the woodpecker). Each of them equipped with several opposing constructions intended 
for the comparative research at the later stage such as the low-high wing placement and the low-high tail boom place-
ment. The analysis of the qualitative comparison of this uniqueness shown that these slanted tailplane type will play a 
tremendous role in the future configuration of UAV. 
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THE UAV DESIGN: TOWARD A NEW PARADIGM OF AIRCRAFT CONFIGURATION 
The aircraft design elaborates several different fields of expertise and settled with a compromise between those fields’ 
objectives, criterion and limitation. Stretched wider than just transporting passengers, the aircraft design has advanced 
to adapt the aerial mission and many similar roles. These purposes become the early motivation in the Unmanned Aerial 
Vehicles (UAV) development to eliminate the risk and reduce the operating cost for the aerial missions. An example of 
Indonesian UAV presented in Figure 1 that developed by the Indonesian Agency for The Assessment and Application 
of Technology (BPPT).  

Figure 1. “Pelatuk” or Woodpecker, an Indonesian UAV developed by the BPPT.

In a detailed description, the aircraft design is an interdisciplinary activity that simultaneously considers the complexities 
of its systems, functions and requirements that are interrelated one another. The aircraft design is generally divided 
into the conceptual design phase, the preliminary design phase and the final design phase. Around of the 80% of the 
life cycle cost of an aircraft are decided in the conceptual design phase (Rizzi, 2011). This critical situation drove the 
designers to be carefully avoiding the mistakes in this phase since it might cost very expensive reparation in the future. 
There are arguments that highlight the tremendous cost and risk associated with a new technology. These factors are 
making the innovation become difficult for the business case, especially in the development of large transport aircraft. 
Most of the customer prefers the low-risk incremental improvements until they find that new ideas are well-proven, 
(Kroo, 2004). Consequently, aircraft designers preferred to combine as much of the conventional items that are well-
validated or well-studied to defined a rough configuration of the designed aircraft. 

Most of the engineering tools in the aircraft design came from the handbook methods or stemmed from the linear fluid 
mechanics assumptions (Rizzi, 2011). Applying the linear fluid mechanics assumptions allowed the aircraft designer 
in gaining the low-cost reliable aerodynamic data while such reliability is valid if the configurations are kept being 
conventional. Since the unconventional configuration needed the accurate description of the non-linear aspect of the 
aircraft flight characteristics (Rizzi, 2011), these conditions lead to the preferences of using the conventional forms over 
the unconventional ones. The conceptual designs also become conservative by limiting the aircraft working points in 
the range of its known performances (Filippone, 2000). However, the UAV in recent times has been developed in the 
unique and conventional configuration while such development continuously enriching the aircraft design paradigms.

Unmanned Aerial Vehicles (UAV) is recognized in various of terms such as drones, Remotely Piloted Vehicle (RPV), 
Unindividuated Aerial Vehicle (Jenie, 2007), or in more holistic terms i.e. Unmanned Aerial Systems (UAS). These 
terms referred to the collaboration between the specially designed aircraft; the special purpose sensor for the remote 
missions; the data link transmission between the aircraft on-board systems and its Ground Control Station (GCS); 
the mission center and the autonomous flight technology. These technologies had stimulated the development of the 
methods in solving the design constraints and the requirement for fulfilling the objectives of the UAV.
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The UAV development has emerged the new paradigm and perspectives in the Aircraft Design. Previously, the aircraft 
was piloted by the skillful certified persons onboard for transporting passengers and payloads. These conditions applied 
tight constraints in the aircraft designing for safety reasons, reliability, lowering the risks and increasing the passengers 
comfortably. Thus, the conventional designs of aircraft preserved the basic pattern of configuration. These recent 
aircraft look as if they are almost unchanged from their ancestors (Kroo, 2004). As seen in the previous days, most 
of the aircraft were consist of a cylindrical fuselage, carried in flight by a pair of rectangular or polygonal symmetric 
wings, then equipped by vertical tailplane and horizontal tailplane to stabilize its flight.

In the manned aircraft, obvious innovations occurred rarely at the vehicle’s configuration. Thus, this apparent lack of 
innovation triggered some suggestion which concluding that aeronautics is a mature field (Kroo, 2004). For example, 
the innovation in the wing and tail configuration were applied to the supersonic transport jet (Sun & Smith, 2017) 
by combining the wing and horizontal tail into a common plane, known as the delta wing (Smith, 2016). This delta 
wing planform is a result from configuration compromise and trade-offs to ensure satisfactory flight characteristics 
at low speed without decreasing too much the supersonic aerodynamic performance (Chambers, 2005). The future 
Concorde-2 also applied this delta wing platform (Mali et al., 2016). 

Another innovation is the current issue, the joined-wing configuration (Cavallaro & Demasi, 2016). Moreover, the 
deviation from the T-tail configuration also occurred in the Beech V-Tail Bonanza which is grounded recently due to the 
safety purposes (Musa et al., 2015), although there is inconclusive interpretation about the relation of the V-tail with the 
accidental causes (Collins, 2012). Furthermore, the innovations in the manned aircraft configurations mostly applied to 
the military aircraft (Grissom et al., 2016), obviously for their extensive maneuvers and dangerous mission.

As the aircraft stabilizer, the tail planes are stabilizing the longitudinal and directional mode of flight. In the conventional 
fashion, the tail consists of a horizontal plane and vertical fin to maintain longitudinal stability and directional stability 
separately. The clear separation between these tailplanes was meant to support the pilot’s easiness in controlling the 
aircraft’s pitching and yawing movement. The pitching mode is controlled by deflecting the elevator located at the 
trailing edge of the horizontal tailplane. In the similar fashion, the yaw is controlled by deflecting the rudder located at 
the trailing edge of the vertical tailplane. This is the simple flight control mechanism since the complex control system 
is usually not considered in the initial conceptual phases of an aircraft design (Richardson et al., 2011).

The tail planes, including the elevator and rudder, bear the stability and control of the aircraft flight to preserve 
the passenger’s comfort in flight. Since the UAV flies with no human on-board, several requirements such as the 
passengers’ comfortably in flight and the pilot’s comfortably to control become irrelevant in the design of the unmanned 
aircraft configuration. By deprioritizing such criterion, the new paradigm of aircraft design has evolved in the UAV 
development. In order to assess this new paradigm, this article will address the qualitative exploration especially in 
the unconventional tail configuration of the Indonesian large UAVs. By comparing the two types of the slanted tail 
configuration, their advantages are enhanced and their disadvantages are also identified.

To qualitatively perform the comparison, this article will be organized into five sections as follows. This opening section 
had served as the introductory part to messaging the importance of the unconventional tail of UAV configuration. 
After narrating the brief background of the topic, objectives and the scope of this chapter, the second section will 
explore the current aerial mission which enhanced the development of the slanted tail UAV. Entitled as “UAV tail 
configuration modification: exploring the requirements of the current aerial mission,” the second section explains 
the problem statements. The description of the slanted tailed UAVs itself is covered in the third section, entitled “The 
UAV unconventional tail configuration”. The comparative study performed by exposing the BPPT multipurpose 
UAV with their slanted tail in the fourth section entitled “The BPPT slanted tail UAV”. Finally, the article remarks are 
concluded in the last section of this article.
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UAV TAIL CONFIGURATION MODIFICATION:  
EXPLORING THE REQUIREMENTS OF THE CURRENT AERIAL MISSION
UAV has developed rapidly for various aerial missions. The mission expanded from a relatively simple task like the 
close range aerial photography and agricultural (Freeman & Freeland, 2015) to the more advanced mission like air 
quality measurements (Villa et al., 2016), weather monitoring (Samantaray & Narayan, 2014) and Search and Rescue 
(SAR) purposes (Sargent, 2017). Such advanced purposes required specific abilities in the paradox of the aircraft 
constraints. For example, the surveillance mission required the UAV to perform long-range flight in its limited fuel 
carried onboard. This type of contradiction has a way out if the aircraft can be configured to reduce its drag. These 
demanded missions required unconventional solutions provided by UAVs, thus, the conventional paradigm of aircraft 
design is not adequate anymore.

One of the conventional configuration is the T-tail construction for aircraft empennage. The separation of the vertical 
fin and the horizontal tailplane are intended to provide the uncoupled control of the longitudinal from the directional 
mode. Since the trailing edge of the horizontal tail is the elevator’s location, thus the pitching movement due to the 
elevator deflection will not impel the yaw movement in the aircraft’s directional mode. However, the attachment of the 
centerline axis of the horizontal tailplane on the top of vertical fin increasing the risk of flutter that might be triggered 
at that attachment. This T-tail flutter is a dynamic structural instability caused by the excessive vibration excited by the 
aeroelastic coupling between the aircraft’s horizontal tailplane and its vertical fin (Murua et al., 2014). 

In the contrary, the V-tail and inverted V-tail configuration combined the horizontal and vertical tail plane into a 
symmetrical pair of the slanted tailplane. The inclination arranged so both planes attached more firm to the aircraft 
fuselage and each of the plane’s flexibility will not interfere each other. Since a single vertical fin created the flow 
interaction with the fuselage and contributed to the directional stability (Wen et al., 2013), then the construction of the 
slanted plane tail will double the vertical plane and increase the directional stability in flight. The dihedral angle of 
the slanted tailplane yields 5% improvement of the directional stability compared with the conventional tail (Musa et 
al., 2015). Such unconventional tail configurations are more suitable for UAVs since the absence of human onboard 
allowed more agility of flight for carrying out its mission.  

Continuing the example previously explained, there are several trade-offs to reduce the UAV drag. One can scale down 
the wing dimension to reduce the drag, but unfortunately, narrowing the wing area will surely decrease the UAV lift. 
Similar trade-off also applied in the alternative of shrinking the main body compartment size. Such compression will 
reduce the drag too, but it also decreases the required volume of the payload carrier. These two trade-offs are likely 
limiting the UAV sensory capability since they will restrict the size of the onboard sensor, which also restricts its sensor 
weight capacity and surely degrades its sensing capabilities. 

The acceptable trade-off for drag reduction resulted in the narrowing the tail area since it won’t influence the payload 
carrying capability. By applying the slanted tailplane, especially the V-tail, the UAV drag can be reduced by 7 to 7.6% 
compared to the conventional tail (Vatandaş & Anteplıoğlu, 2015).  However, narrowing the tail area might draw an 
impact to the aircraft controllability. Nevertheless, since UAV carries no person, it will be allowed to fly the maneuver 
beyond the human comfort threshold as long as the loads in-flight are bearable within the aircraft structures. Thus, the 
maximum G-force loading determined from the aircraft structural integrity, not from the pilot limitations (Reinhardt et 
al., 1999).    

Thus, the ideas of modifying the tail configuration are applicable for UAVs. The goal of the tail modification is 
narrowing down the wetted area for the drag reduction. The modification is also intended to impose the desirable flight 
characters in accommodating the special purpose such as an agility of maneuver or to assist more stability in yawing. 
Figure 2 showed the result of modified tail designed UAV developed by the BPPT.
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Figure 2. “Gagak” the Unconventional Tail UAV developed by the BPPT.

THE UAV UNCONVENTIONAL TAIL CONFIGURATION
The tail modifications resulted from the trade-offs in finding the acceptable solution for drag reduction of the aircraft. 
This drag reduction is important for the UAV strategic performances such as the longer time of endurance, the further 
distance of flight range, the less of fuel consumption and the shorter distance for taking off. Another objective of the tail 
modification is to achieve certain flight characteristics in supporting the UAV special missions.

The modifications are applied to reduce the UAV drag without impairing its stability and controllability. To obtain the 
drag reduction, the modifications are achieved by narrowing down the tail’s total wetted area. On the other hand, the 
modification had to conserve the adequate vertical projected area for directional stability purpose. Similarly, it should 
provide the sufficient horizontal projected area for longitudinal stability. 

The trade-off leads to the application of the slanted tailplane, which joining the tailplanes into the V-Tail shape or 
the Inverted V-Tail shape. These slanted tail planes reduced the wetted area compared with the conventional tail, i.e. 
the sum of the horizontal and vertical tail plane that perpendicular each other. These slanted tail planes conserved the 
effective tail area in the vertical and horizontal projection.

The V-Tail Configurations
The idea of the V-tail aircraft had been implemented in a manned aircraft named the Beech V-Tail Bonanza. Since it 
was flyable in the manned aircraft concept, therefore the V-Tail will be applicable also for the UAV purposes. This tail 
configuration joins the horizontal and vertical plane into the V-shaped plane with the vertex attached at the aircraft rear. 
It utilizes the two slanted tail surface are fixed to serve as both horizontal and vertical stabilizers (FAA, 2016).  The 
configuration is previously known as the “Butterfly Tail” for the similarity between the V-tail plane with the butterfly 
wings. 

Located at the trailing edge of the V-tail, there is a deflectable segment called ruddervator for each of the tailplane. 
These ruddervators are mixing the role of the aircraft rudder and elevator. They behaved as an elevator when moving 
in the similar direction and with the equal deflection angles. They also performed as a rudder when moving in different 
directions. Unavoidably, these mixed roles required more complex control mechanism (FAA, 2016) in directing the 
aircraft movement.   
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Figure 3. The BPPT’s Flying V-Tail UAV.

The construction of conventional tail consists a simple attachment of each root of the tailplane to a fixed joint at the 
aircraft main body (Naidu et al., 2017). Instead of joining each plane, the V-tail configuration applied a more complex 
attachment that joined both of the planes with the aircraft rear, as seen in Figure 2 and Figure 3. This attachment of the 
tailplane vertex with the aircraft main body required special reinforcement to prevent the changes of its dihedral angle 
due to the bending load occurred in flight. Regardless of the complexity in the structural reinforcement for the vertex, 
the V-Tail excites more agility to the aircraft flight characteristics. The agility arises from the adverse roll-yaw coupling 
(Raymer, 1999) which appeared when the ruddervator deflected for yawing.

The unique design of the V-tail can also introduce a lightly damped Dutch roll mode (Rao, 1995) since it is more 
susceptible than the conventional tail (FAA, 2016). The Dutch roll interaction with the nonlinear characteristics of the 
V-tail might excite the dynamic stall. Following the absence of human onboard, then it is preferred to build the V-tail 
aircraft in the form of UAVs. Figure 3 showed the flying V-tail UAV developed by BPPT.

The Inverted V-Tail Configurations
Recently, the inverted V-tail UAVs appeared in the popular UAVs from Aerosonde (Cappello et al., 2016) to Predator 
(Shakarian et al., 2013). These UAVs are recognized by their long-range capabilities. They merged the horizontal plane 
and vertical fin into a common pair of the inverted V-shaped construction. Both of the tailplane installed with the higher 
location of the vertex and applied the downward inclination angles or the anhedral angle.

Figure 4. The Flying BPPT’s Inverted V-tail UAV.
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In the trailing edge of the inverted V-tail, there is a deflectable segment called the ruddervator at each plane. These 
ruddervators mixed the function the aircraft rudder and elevator. They served as the elevator when moving in the 
similar direction and with the equal angular magnitude. They act as the rudder when moving in different angles or 
directions. Similar to the V-tail construction, these mixed roles are also unavoidable and requiring more complex 
control mechanism. However, the electronic autopilot feature will be able to overcome this complexity.

The V-tail increased the yawing stability of the aircraft maneuvers. This stability increment arose from the proverse 
roll-yaw coupling (Raymer, 1999) when the ruddervator deflected to yaw the aircraft. The inverted V-tail compensate 
the tail area narrowing with this slight increment of the roll-yaw stability. This preferable characteristic of the inverted 
V-tail plane becomes the reason of its wide application.  Figure 4 captured the flying moment of the inverted V-tail UAV 
developed by the BPPT.

THE BPPT SLANTED TAILPLANE UAV
The BPPT, stands for the Badan Pengkajian dan Penerapan Teknologi (translated as the Indonesian Agency for the 
Assessment and Application of Technology (http://www.bppt.go.id/)), is an Indonesian governmental institution which 
supported the development of unmanned technologies. Thus, to inseminate the advanced technology of unmanned 
systems for the nation’s welfare purposes, BPPT has developed UAVs for Indonesia since 1999. Several missions to be 
assessed in the development including (Jenie, 2007):

• Observation of high-voltage electricity transmission line 

• Cloud sniffer in weather modification

• Airborne data link system for tsunami early warning systems

• Hot spots identification in forestry fire 

• Low-altitude hyper spectral for agricultural purpose

The design of these UAV followed the common emphasis on affordability, practicality and recoverability (Reinhardt 
et al., 1999). Moreover, to explore the state of the arts for the surveillance ability, the autonomous flight technology, 
special purpose camera, and advanced missions (Jenie, 2007), BPPT developed three types of large UAVs with 120 kg 
of Maximum Take-Off Weight (MTOW). The first type is the conventional T-tail BPPT-01A “Wulung”, the second is 
the inverted V-tail BPPT-02A “Pelatuk”, and the third is the butterfly tail, BPPT-01B “Gagak”. In this article, the latter 
two equipped with the slanted tail will be assessed and analyzed.

Figure 5. Installation of the Tail Planes for the BPPT-02A “Pelatuk”.
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The BPPT’s Unconventional Tail UAV
The earliest types of Indonesian large UAVs which equipped with the slanted tailplane were developed by the BPPT. 
Gagak, (transl.: the crow), was one of Indonesian UAV type with the V-tail empennage. The other type was Pelatuk, 
(transl.: the woodpecker), one of the Indonesian earliest UAV with the inverted V-tail empennage. Both are the BPPT’s 
UAVs that capable of carrying 120 kg of MTOW included 20 kg of payload.  

The slanted plane tail, include the V-tail and inverted V-tail provided many advantages over the conventional T-tail 
configuration. Such advantages are including the hind packaging and the portable installation concept that UAV can 
be assembled and deployed by two-person (Babu et al., 2016). Figure 5 confirming such advantages in the BPPT-
02A “Pelatuk” UAV. Since the tail boom located high enough from the ground, from here the two people are able in 
assembling the tailplane in their normal standing or squatting position as necessary. 

The slanted plane empennage combined the conventional horizontal plane and vertical fin into a pair of the slanted 
plane. The combination reduced the aircraft drag since the slanted tail has narrower wetted area compared with the 
sum of its projected area in the vertical and horizontal plane (Raymer, 1999). The reduction of drag also occurred since 
the planes combination lessen the number of corners, from two in the T-tail into one corner in the slanted tail, for such 
corner produced the additional interference drag at the empennage. The drag in the conventional tail was reported to be 
7 to 7.6% higher than the slanted tail UAV (Vatandaş & Anteplıoğlu, 2015).

The BPPT-01B “Gagak”: The V-Tail Indonesian UAV
Configured with the Butterfly Tail and low wing placement, the BPPT-01B “Gagak” was designed to perform the Lo-
Hi-Lo mission, i.e. taking-off and cruising at low altitude, then climb to high altitude to perform the mission, finally 
descent to low altitude on its way back to the base. The intended mission required a UAV with higher agility in its flight 
characteristics. The agility can be achieved using the low placement of wing and using the adverse roll-yaw effect to 
support its maneuver. The detail explanations are presented in the following paragraphs.

Figure 6. Engine Maintenance of BPPT-01B “Gagak”.

The V-tail configuration avoids the contact between the empennage to the ground and providing the free space for 
further modification of landing parachute opening (Kuzdas & Pátek, 2015). The V-tail empennage also introduced the 
adverse roll-yaw moment (Raymer, 1999) when the pilot applying the ruddervator deflection. The combination between 
the low wing placement that induced the inverted pendulum effect to the aircraft roll stability and the V-tail is increasing 
the flight agility (Jenie, 2007) of the BPPT-01B “Gagak”. These advantages provide the support for the maneuvering 
mission of patrolling and monitoring. Since the Indonesia is covered by wide areas of ocean, the maritime monitoring 
or observation mission will be suitable to be accomplished by large UAV (Zheng et al., 2017) including the Gagak. 
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The engine directly rotates the propeller from its main axis without additional gear or belt or shaft to avoid more losses 
due to friction. The arrangement also distanced the propeller from the V-tail. This proper distance of propeller from 
the V-tail maintains the maximum achievable range and endurance of the UAV. Otherwise, for the propeller installed 
close to the empennage will reduce the lift to drag ratio (Chen et al., 2015) which decrease the achievable range and 
endurance of the UAV. The combination of low wing and low tail boom configuration pushed the engine placement on 
the top of the fuselage’s rear. Thus, as shown in Figure 6, the engine is easier for installation or uninstallation process 
and for maintenance activities. In the operation and maintenance activities, the UAV must meet a condition to allow a 
simple maintenance process in a short flight, allowing a quick preparation, able to maneuver easily in the designed flight 
and ensure the safety of maintenance crew (Prisacariu et al., 2014). Several maintenance items including the propeller 
check and propeller changing to meet the desired flight performance for a specific mission. As a rule of thumb, the 
higher pitch propeller is suitable for shortening the take-off distance but it gave a smaller rate of climb. Conversely, the 
lower pitch propeller supports the higher rate of climb and lower fuel rate of cruise flight, but it required longer take-off 
distance for airborne. The photograph in Figure 6 showed the easiness for propeller change in normal standing activity.

Although the BPPT-01B “Gagak” had higher agility in flight, its aerodynamic aspects still showing good results, as it 
confirmed in the wind tunnel test (Wijiatmoko & Daryanto, 2016). The high value of lift coefficient of the BPPT-01B 
“Gagak” correlated with the lower effective fuel consumption rate. This correlation occurred since the higher value of 
lift coefficient lessen the airspeed needed to carry the vehicle’s weight in flight. The speed reduction also lowered the 
fuel rate in flight. The fuel rate reduction then contributing to the better flight endurance and an adequate flight range. 

The BPPT-02A “Pelatuk”: The Inverted V-Tail Indonesian UAV
With its inverted V-tail and high wing configuration, the BPPT-02A “Pelatuk” was intended to perform the Hi-Lo-
Hi mission. The Hi-Lo-Hi means that the UAV started with taking-off, climb and cruising in high altitude, after that 
descending to the low altitude to perform the mission, then climb again to high altitude on its way back to the base. 
The intended mission required a UAV with a short take-off and landing (STOL) feature and a higher degree of flight 
stability. These features will be achieved by placing the engine in the lower part fuselage and applying the inverted 
V-tail configuration. 

Figure 7. Low Engine Placement of BPPT-02A “Pelatuk”.

Contrary to the previous V-tail, the inverted V-tail empennage provides the proverse roll-yaw moment (Raymer, 1999) 
when the pilot applying the ruddervator deflection. This proverse moment increases the flight stabilization when BPPT-
02A “Pelatuk” performing the yaw movement. The benefit from a better flight stabilization supports the narrow area 
photography or a close-range surveillance. Consequently, the BPPT-02A “Pelatuk” was initially proposed for the 
forestry and maritime patrol (Jenie, 2007).
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The high placement of the wing decreases the possibilities of damage if the landing is not smooth or landing at a rough 
terrain (Kuzdas & Pátek, 2015). The high boom construction intended to provide a sufficient flexibility for the tilt angle 
of the engine’s thrust. As if the engine tilted downward, it provided the Short Take-Off Landing (STOL) feature for 
the BPPT-02A “Pelatuk” (Jenie, 2007). Thus, the UAV can take off from remote islands with short runway available. 
One of the predecessors of the STOL featured UAV is the Pioneer I RPV (Reinhardt et al., 1999) which has a smaller 
dimension, hence it can be launched from a ship.

Figure 7 showed the engine location of BPPT-02A “Pelatuk” at the lower rear fuselage. The engine placement below 
the tail boom, as seen in Figure 7, allowed a pitching rotation of the engine in a lateral axis. The STOL feature occurred 
when the engine tilted downward so the vertical projection of the engine thrust provided extra lift. The sum of the wing 
provided lift and the additional lift from that tilted engine thrust reduced the UAV’s lift-off speed and shortening the 
take-off distance. 

CONCLUDING REMARKS
This article has addressed the important remarks of the slanted tailplane of Indonesian UAV developed by the BPPT. 
Besides having the drag reduced by the implementation of the slanted tailplane, the BPPT-01B “Gagak” also gain more 
agility in flight from the V-tail configuration while the BPPT-02A Pelatuk obtained more stability with the inverted V-tail 
configuration. The advantages also arise with the disadvantages occurred such as more complex of the surface control 
mechanism, and the nonlinear characteristics due to the coupling between rolling and yawing. However, the priority in 
achieving the mission accomplishment circumvent those disadvantages. Furthermore, the unmanned concept—since 
there’s no person onboard—is relaxing the design constraint especially the ones related to the passenger comforts. 

Finally, the advantages of the slanted tail have increased the number of UAV equipped with that tail configuration. 
Innovative solutions appear in all stages of making unmanned air product from the conceptual, design, prototyping and 
manufacturing resources (Prisacariu et al., 2014). These slanted tail configurations have marked the innovation in the 
aircraft design. Hence, these advantages are able to motivate further developments for Gagak and Pelatuk, the BPPT 
multipurpose Indonesian UAV, to perform the strategic missions for the welfare of the nation, especially in this middle 
era of the drone race (Boyle, 2015).
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