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Abstract

:

The V-tail configuration has excellent stealth performance and has been using widely in the aerodynamic shape design of advanced aircraft. Many recent studies have focused on numerical simulation about V-tail configuration flight performance. The relative wind tunnel tests still need to be developed. This challenge is a focused aspect in such research. In the present experimental study, the role of flight control law was investigated in order to keep the test model in the target attitude and height. An effective design method of a full model of the aircraft with twin V-tails is proposed based on CFD evaluation. This model was manufactured based on the design of a two degrees of freedom support system via a Chinese wind tunnel. A longitudinal flight control law was proposed and simulated. Wind tunnel tests were employed to find the effectiveness of the model design and the control law. It is seen from the results that the proposed experimental method via a full model of the aircraft with twin V-tails and a novel longitudinal flight control law is effective. These test results can provide appliable contributions on the development of the support system for wind tunnel experiments. The proposed model design and test methods can be useful for applications in the aeroelastic wind tunnel tests of the full model aircrafts.
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1. Introduction


The V-tail configuration has excellent stealth performance and has been using widely in the aerodynamic shape design of advanced aircraft [1,2,3,4]. The research on V-tail aircraft is of more significance. However, the literature and papers about V-tails are very limited [5]. Malcolm J. Abzug [6] studied the stall problem of V-tails. Qiao et al. [7] put forward an adaptive back-stepping neural control (ABNC) method for the coupled nonlinear model of a novel type of embedded surface morphing aircraft, based on a large number of aerodynamic data for different V-tail configurations. Wang et al. [8] studied the three-axis static and dynamic stability characteristics of an example Blended-Wing-Body (BWB) aircraft with V-tail configuration. Leshikar et al. [9] developed an approach for generating linear time invariant state-space models of a small Unmanned Air System and verified the approach by an inverted V-tail aircraft model. Jin et al. [10] summarized the design technique of rigid/flexible hybrid model and testing methods of all-moving V-tail buffet wind tunnel test, and established a set of systematical theoretical analysis techniques, design criteria, and test methods for aircraft V-tail structure buffet dynamic strength design and test of advanced fighters and unmanned aerial vehicles. The research about V-tail configuration mainly concentrates on numerical simulations whereas the related wind tunnel tests are rare.



Compared with numerical simulations and flight tests, wind tunnel tests are important means of aeroelastic performance evaluation and verification of aerospace vehicles due to their advantages of high reliability [11,12,13]. The focus of this paper is to study the flight performance of V-tail configuration aircraft by means of wind tunnel tests.



According to different test requirements, it is important to select an appropriate wind tunnel test support system. With the development of wind tunnel test technology, various support systems have been developed. Many kinds of support system are used for wind tunnel test [14], such as tail support system, external/balance support system, side wall support system and wing tip support system. As a special wind tunnel for aeroelastic test, NASA Langley center Transonic Dynamics Tunnel (TDT) has a variety of test model sup-port methods, such as sidewall support, cable mount, and forced/free oscillation crossbar [15]. Russia TsAGI has developed a Floating Suspension System in a T-128 wind tunnel [16]. Typical facilities allow one or two degrees of freedom and some sophisticated testing facilities such as those operated by NASA and German Dutch Wind Tunnels (DNW) allow up to six degrees of freedom [17]. Many scholars made corresponding experimental studies based on different support systems. Gebbink et al. [18] conducted a wind tunnel test in the High-Speed Tunnel (HST) of DNW about a full-span scaled model mounted to a dorsal sting. Tang and Dowell [19] studied the effects of a free-to-roll fuselage on wing flutter and verified the proposed theory by wind tunnel test with a tail support. Allen et al. [20,21] carried out a dynamically scaled aeroelastic wind tunnel test in NASA’s TDT wind tunnel on a sidewall support half span Truss-Braced Wing model.



Recently, in order to simulate the free flight condition accurately, a wind tunnel model support system with release of pitch and plunge degrees of freedom has been developed in China, which can simulate rigid body motion mode of aircraft [22]. The research of this paper is carried out based on a developed support system. The structural design needs to match the support system. The flight control law was designed to keep the aircraft model in steady level flight. The purpose of the paper is to verify the flight control law under the support system with release of pitch and plunge degrees of freedom and investigate the longitudinal flight performance of the V-tail configuration aircraft. This experimental research method provides technical support for the future wind tunnel test of elastic aircraft model.



The paper is organized as follows. Section 2 describes the design and manufacture process of the wind tunnel test model. Section 3 presents details on the design of flight control law, which contains the establishment of dynamic equations, the measurement of parameters and the simulation of flight control law. Section 4 presents analysis of the experimental results of the wind tunnel test. Conclusions are drawn in Section 5.




2. Model Design and Manufacture


The design of a wind tunnel test model needs to comprehensively consider aerodynamic shape, stiffness, strength, and flight control requirements. It can make it more feasible to simulate the steady level flight of the aircraft in the wind tunnel. The design process of the aircraft model is shown in Figure 1.



2.1. Aerodynamic Shape Design


A 3D full model aircraft is established as shown in Table 1. The wind tunnel test model is an 8%-length, full-span, rigidly scaled model of the original model. As shown in Figure 2, this aircraft was composed of a fuselage, wings, and V-tails. The aircraft is 1.82 m with 1.28 m wingspan. The mean dynamic chord (MAC) is 0.32 m and the dihedral angle of the V-tails is 40°.




2.2. Aerodynamic Parameters


Some aerodynamic parameters such as lift force, pitch moment, and the position of aerodynamic center (AC) should be considered before the structure design.



The aerodynamic parameters of the aircraft at 0.2 Mach can be obtained through high-precision Computational Fluid Dynamics (CFD) calculation [23]. The parameters included the lift coefficient, drag coefficient, pitch moment coefficient, and hinge moment under different angles of attack and V-tail deflection angles (see Figure 3 and Figure 4).




2.3. Aircraft Trimming


As shown in Figure 4, the sign of the pitch moment coefficient changed from negative to positive with the increase in V-tail deflection angle. This indicated that the aerodynamic shape can be balanced. The pitch moment generated by V-tail deflection was enough to change the pitch angle of the aircraft.




2.4. Aerodynamic Center


The AC is the action point of aerodynamic increment of aircraft. The pitch moment at this position is always equal to the zero-lift moment. During the process of CFD calculation, the position of the reference center of gravity (CG) was given in advance. The moment balance equation is established according to the obtained aerodynamic parameters [24]. The position of CG is taken as the moment action point, see Figure 5.




    M =  −    L   ×   X    AC      + M   0      



(1)






    M =   1 2     ρ V   2  S  c ¯    C  M    



(2)






    L =   1 2     ρ V   2    S C  L    



(3)






     M 0  =   1 2     ρ V   2  S  c ¯    C    M 0      



(4)





According to the aerodynamic theory, the following equations can be obtained.



Substitute Equations (2)–(4) into Equation (1), it is obtained that




     C    M 0    =    X  A C      c ¯     C L  +  C M    



(5)





The lift coefficient curve and pitch moment coefficient curve (i.e., as shown in Figure 6) without V-tail deflection are linearly fitted, and the expressions are obtained.


   C L     = A   1     α + B   1   



(6)






   C M     = A   2     α + B   2   



(7)







Substitute Equations (6) and (7) into Equation (5), it is obtained that




     C    M 0    =   (  A 1  α +  B 1  )  X  A C      c ¯    +  A 2  α +  B 2  = (    A 1   X  A C      c ¯    +  A 2  ) α +    B 1   X  A C      c ¯    +  B 2    



(8)





Since the zero-lift moment coefficient is independent of the angle of attack, so




      A 1   X  A C      c ¯    +  A 2  = 0   



(9)






    X  A C   = −    A 2   c ¯     A 1      



(10)





The position of AC is thus obtained.



The stability of an aircraft is closely dependent to the position of its CG and AC [25]. The proposed CG is selected as 17.1% of MAC in front of AC by considering the model design and the assembly of wind tunnel test support system, as shown in Figure 7.



The pitch moment coefficients based on the new CG with different V-tail deflection angles are shown in Figure 8, which is significant for the design of flight control law.




2.5. Detailed Structure Design of Full Model Aircraft


The concept of the wind tunnel support system is shown in Figure 9, in which a vertical beam and a carriage were included. It was installed inside the aircraft model and provides the pitch and plunge degrees of freedom to allow the model to “fly” in the wind tunnel test section.



The real aircraft structure is always composed of beams, shear webs, and skins. The aircraft in this paper has obvious thin fuselage. Considering assembly within the wind tunnel support system, it is a better choice to replace the beams with one core board. The shear webs were adhered to the core board vertically. In addition, the skins were stuck to the edge of shear webs.



During the process of structural design, it is necessary to ensure that CG coincides with the rotating axis of the support system to avoid additional pitch moment. This can be achieved by placing lead counterweight at the front of the model after the main structure of the model was assembled. An opening was set at CG to provide space for connection with support system. The front and rear metal joints were designed to ensure the rigid connection between the model and the support system. In addition, the metal joint at the back can slide back or forth to fit with support system, see Figure 10.



The fuselage included one core board, shear webs and skins. The core board has typical sandwich construction. The top and bottom layers are made of carbon fiber composites, and the core (i.e., the ② part shown in Figure 11) is balsa wood strip (i.e., it was wrapped with carbon fiber cloth cured with resin), which can satisfy the requirements of mass and stiffness at the same time. The shear webs were made of aviation laminate. In order to reduce the mass, the skins were made of balsa wood. Then the PVC heat shrinkable film was adhered to the surface of balsa to preserve smoothness.



The structure of the present wing was similar with the fuselage, except that the core board was only made of Carbon fiber composites. The stringers made of aviation laminate were stuck to the edge of wing shear webs. The wing was connected to the fuselage by an aluminum alloy joint, as shown in Figure 12.



The shear webs were not included in the structure of V-tails due to narrow space. The leading and tailing edges were made of balsa wood and stuck to the edge of the core board, respectively. Aviation laminate was used to stick to the top and bottom surface of the core board. The aerodynamic shape was preserved by polishing. Similarly, the PVC heat shrinkable film was adhered to the surface. The structure and assembly of the V-tails are shown in Figure 13.



The full-span assembled aircraft model is shown in Figure 14.




2.6. V-Tail Actuator Design


The key components in closed-loop active control are sensor, controller (optimization algorithm) and dynamic actuator [26]. The servo actuator was directly connected with the tail shaft to control the V-tail deflection. The aerodynamic loads of the V-tails are mainly transmitted to the fuselage in the form of bending and torque moment. The torque generated by the aerodynamic loads can be offset by the servo actuator. In order to ensure the normal operation of the servo actuator, it was not allowed to balance the bending moment by the servo actuator. Therefore, two bearings were added at the tail shaft to resist the bending moment generated by the aerodynamic force, see Figure 15.



In order to guarantee that the rated torque of the servo actuator is big enough to resist the aerodynamic force, the chosen rated torque is 10 times that of the hinge moment calculated by CFD.





3. Flight Control Law


3.1. Dynamic Equation


Under the constraint of the wind tunnel support system, the force analysis of the wind tunnel model is shown in Figure 16. Based on the unsteady aircraft equations of motion for 2D flight [27], the longitudinal dynamic equations of the model are established while the longitudinal motion parameters are considered.


    m d V   dt    = Fcos   ( γ )  −    D    −    mgsin   ( γ )   



(11)






     mVd γ    dt    =  − Fsin  ( γ )   + L    −    mgcos   ( γ )   



(12)






     I y  dq   dt      = M   y   



(13)






     d θ    dt    = q   



(14)






    dh   dt    = Vsin   ( γ )   



(15)




where


   γ = θ    −    α   



(16)







The variable F can be obtained with the analysis bellow.



The relative wind speed of the model is determined by the air velocity, which was steady during the wind tunnel test. In the ground coordinate system, the relative velocity of the model in the x direction is constant.



So


      dV  x    dt    = 0   



(17)







See Figure 16,


   V x   = Vcos   ( γ )   



(18)







So


      dV  x    dt    =    dV   dt   cos  ( γ )  −   Vsin  ( γ )   d γ    dt    = 0   



(19)







Multiplying both sides of the equal sign of Equation (11) by cos(γ) and Equation (12) by sin(γ) at the same time and considering Equation (19), the expression of F can be obtained.


  F = Dcos ( γ ) + Lsin ( γ )  



(20)







The dynamic equations of the aircraft model in the wind tunnel can be obtained after the variable F is derived.




3.2. Measurement of Moment of Inertia


Before simulation, the mass and moment of inertia must be measured. The compound pendulum method [28] is used in the measurement.



According to the compound pendulum model in Figure 17, it can be recognized as harmonic vibration when the swing angle β is very small. The moment around the rotating axis O is expressed as


   M O   =  − mglsin  ( β )   



(21)







When β is small, it can be approximately expressed as


   M O   =  −  mgl β   



(22)







According to Newton’s second law of rotation


   M O     = I   O   β ¨   



(23)







Then


   β ¨   =  −  ω 2   β =  −   mgl    I O    β  



(24)







The vibration period of the compound pendulum


   T = 2 π       I O    mgl      



(25)







Based on parallel axis theorem [29]


   I O     = I    CG      + ml   2   



(26)







So


   I  CG    =      mglT  2       4 π   2    −   ml  2   



(27)







Once the vibration period of the aircraft model is measured, the moment of inertia about CG can be obtained with Equation (27).



The moment of inertia measurement test is shown in Figure 18.




3.3. Simulation of the Flight Control Law


Based on Equations (11)–(16), the dynamic model was established in Simulink. The flight control model is shown in Figure 19. According to the air velocity in the wind tunnel, the trim angle of attack and V-tail deflection angle are calculated and set as the initial state. The angular velocity, acceleration and altitude signals were collected, and the classical PID control method was adopted to keep the model in the target attitude and height by adjusting the deflection angle of the V-tails. The proportional gain, integral gain, and differential gain are tuned manually to ensure the response speed, transform time, and stability of the control system.



The longitudinal PID controller is shown in Figure 20. The upper components form the pitch angle controller and the angular velocity signal input is used as the differential part. Similarly, the lower components form the height controller and the longitudinal velocity is taken as the differential part. The whole displayed controller in Figure 20 is used to realize the height control of the V-tail aircraft. The attitude control can be achieved by disconnecting the height control components and setting an attitude command to replace the theta control.



The simulation results are shown in Figure 21. Simulink results (a) and (c) are in good agreement with the semi-physical simulation results (b) and (d), respectively. Due to the delay of control desk measurement, the semi-physical simulation images lag behind the Simulink images by 1.8 s.





4. Wind Tunnel Test


A wind tunnel test is presented to verify the effectiveness of the flight control law. The full model aircraft assembled in the wind tunnel test section is shown in Figure 22. Three test conditions were arranged: (1) different wind speeds were set to verify the static stability of the full model aircraft when the control system is closed; (2) for attitude control, the tail deflection angle was controlled to change the pitch moment under the given wind speed, whereas the model can reach the target pitch angle and keep stable; and (3) for height control, the angle of attack was changed due to the change in pitch moment which occurs with variety of the tail deflection. Then the increment of lift force led to the ascending or descending of the model until it reached the target height.



In the present case of low wind speed and small angle of attack (i.e., the wind speed is no more than 30 m/s and the angle of attack is no more than 10°), the lift is difficult to be balanced with gravity for the present model. In order to ensure the safety and integrity of the test, a spring structure was installed in the wind tunnel to make up for the lack of lift at low wind speed and small angle of attack, see Figure 23. When the wind speed and the angle of attack reach a certain value, the lift is sufficient to support the model. At this time, it is the focus of the test to ensure that the model is stable at the target pitch angle and height under this flight state.



4.1. Test Condition 1: Static Stability Verification


A brake cylinder was installed on the support system. At the beginning of the test, the brake system was turned on and the model was fixed at the middle height of the wind tunnel test section. The tail deflection angle was set to 0° and the flight control system was closed. During the test, the model kept stable all the time. In addition, it was able to restore to stable state in a few seconds after applying manual interference. It is seen from the test phenomenon that the model has good static stability. The aircraft model reached steady state at different wind speeds (16 m/s, 20 m/s, 24 m/s, 28 m/s, and 30 m/s). Trim angles of attack at different wind speeds can be seen in Figure 24.




4.2. Test Condition 2: Attitude Control


The wind speeds of the attitude control test are: 16 m/s, 20 m/s, and 24 m/s. Under each wind speed, the target pitch angles were set as −5°, 0°, 5°, and 10°. The brake system was turned off and the model obtained pitch and plunge degrees of freedom at the same time. The pitch angle time history curves under different wind speeds are shown in Figure 25. Before opening the flight control system, the test model was stable at the static trim angle of attack, which was consistent with the results of test condition 1. After the target pitch angle was set and the flight control system was opened, the model reached and stabilized at the target state within 6 s. As shown in Figure 25c, the model has slight pitch oscillation after reaching the target attitude at 24 m/s and 10°. It is speculated that there are two possible reasons: (1) the stability judgment error band of the control law is set too large; and (2) at large pitch angle and height, the flow field is unstable due to the increase in blockage percentage [30].



The states of the model in the wind tunnel are shown in Figure 26 after the model reached the target pitch angle.



The sign of tail deflection angle is determined by the pitch change in the aircraft driven by it. The head up is positive and the head down is negative. The change in pitch angle is in good agreement with the change in tail deflection angle when the flight control law was opened, e.g., the results shown in Figure 27. The aerodynamic pitch moment caused the aircraft to rise and the pitch angle increased when the tail deflection angle was downward (i.e., corresponding to the value increase in Figure 27a,b presents the similar regularity when the tail deflection angle was upward). When the pitch angle reached the target value and was stable, the tail deflection angle was also stable at a certain value.




4.3. Test Condition 3: Height Control


The data curves of the height control test are shown in Figure 28. The ascending and descending tests were carried out at the wind speeds of 24 m/s and 30 m/s. The time history curves of height, pitch angle, and tail deflection angle are shown in Figure 29. The target height was set to 110 mm. The balance position under the wind speed of 24 m/s was taken as the initial position of height control. After the wind speed was stable and the model was in static equilibrium state, the target height was set to 110 mm and the height control system was opened. The pitch angle increased due to the downward deflection of the V-tails. Then the aircraft model climbed to the target height and preserved stable. The captures of the aircraft model ascending process are shown in Figure 30. According to the test results, the test auxiliary springs were completely relaxed when the wind speed was 30 m/s and the target height was 125 mm. It means that the lifting force is exactly equal to gravity at this moment. This test state truly simulated the pitch and plunge free state of the aircraft in the wind tunnel.



It is seen from Figure 28 that the height time history curves show obvious step features, which are caused by the friction between the aircraft model and the model support system. Under the given wind speed, the mutual squeezing force between the model and the support system structure increased as the pitch angle increased. The lifting force has to overcome both gravity and nonlinear friction, which lead to the step feature curves of the height. From the results, it is summarized that the support system still needs to be developed to reduce the impact of friction on the aircraft motion.



The success of height control test shows great applicable potential of the flight control law in full model wind tunnel test. The height can be controlled to keep the model in a better position to avoid the negative influence due to the increase in the blockage percentage.





5. Conclusions


In this paper, a low-speed full model aircraft was designed and manufactured based on a wind tunnel test support system with release of pitch and plunge degrees of freedom. The flight control law was designed according to the model parameters and the support system features. Three test conditions were arranged. The static stability of the aircraft model was verified with test one. The attitude control of the model was realized with test two. The pitch angle control of −5°, 0°, 5°, and 10° was investigated under the wind speed of 16 m/s, 20 m/s, and 24 m/s. The model height control was studied through test three. The model achieved an ascent of 110 mm and a descent of 70 mm at a wind speed of 24 m/s. Meanwhile, the model achieved an ascent of 125 mm and a descent of 175 mm under the wind speed of 30 m/s. In addition, the height control of the model without springs was successfully achieved.



In this research, the effectiveness of the proposed flight control law is proved by wind tunnel test. The V-tail configuration aircraft model flies in the wind tunnel with pitch and plunge degrees of freedom successfully. The target pitch angle and height can be realized efficiently.



Wind tunnel tests with release of pitch and plunge freedom are usually conducted in the research of gust load alleviation and body freedom flutter of flying wing aircrafts [31,32,33,34,35,36,37]. Half model wind tunnel tests are the mainstream due to the difficulty of full model tests. Based on the present work, the wind tunnel test fully shows the great potential of the support system in the low-speed wind tunnel test of the full model aircraft. The proposed test method can make contributions to the full model tests of the research on gust load alleviation and body freedom flutter in the future.
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Nomenclature




	M
	Pitch moment relative to center of gravity



	L
	Lift force



	AC
	Aerodynamic center



	XAC
	Distance between center of gravity and aerodynamic center



	M0
	Zero lift pitch moment (relative to aerodynamic center)



	ρ
	Air density



	V
	Air velocity



	S
	Reference area



	   c ¯   
	Mean aerodynamic chord



	CM
	Pitch moment coefficient relative to center of gravity



	CL
	Lift force coefficient



	CM0
	Zero lift pitch moment coefficient (relative to aerodynamic center)



	A1A2B1B2
	Slope and intercept of fitting curve



	  α  
	Angle of attack



	m
	Mass



	F
	Horizontal reaction force



	  γ  
	Climb angle



	D
	Aerodynamic drag



	Iy
	Pitch moment of inertia



	q
	Pitch angular velocity



	My
	Moment about y-axis (pitch moment)



	  θ  
	Pitch angle



	h
	Height



	    V x    
	Component of flight relative velocity in x direction



	MO
	Moment relative to fix point O



	CG
	Center of gravity



	l
	Distance between CG and fix point O



	  β  
	Swing angle of the compound pendulum



	IO
	Moment of inertia relative to point O



	    β ¨    
	Swing angular acceleration



	  ω  
	Angular frequency



	ICG
	Moment of inertia relative to CG



	T
	Swing period
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Figure 1. The design process of the aircraft model. 
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Figure 2. Aerodynamic shapes of the present aircraft. 
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Figure 3. CFD calculation process: (a) the path lines and (b) the aerodynamic coefficient iteration process. 
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Figure 4. Aerodynamic coefficients calculated by CFD: (a) lift coefficient; (b) pitch moment coefficient; and (c) hinge moment. 
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Figure 5. Force analysis of the aircraft. 
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Figure 6. The lift coefficient and pitch moment coefficient curves. 
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Figure 7. CG and AC positions of the aircraft. 
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Figure 8. Pitch moment coefficient based on the new CG. 
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Figure 9. The aircraft model installed with the wind tunnel test support system. 
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Figure 10. Structure design of the aircraft. 
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Figure 11. Structure design and assembly of the fuselage core board. The materials of the core board: ① carbon fiber; ② balsa wood; and ③ carbon fiber. 
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Figure 12. The wing structure and its joint with the fuselage. 
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Figure 13. Structure and assembly of the V-tails. 
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Figure 14. The final wind tunnel test aircraft model. 
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Figure 15. V-tail actuator and its force analysis process. 
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Figure 16. Force analysis of the aircraft installed in the present support system. 
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Figure 17. The compound pendulum. 
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Figure 18. Moment of inertia measurement test using compound pendulum method. 
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Figure 19. The flight control model. 
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Figure 20. The longitudinal control law. 
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Figure 21. Simulation results of the flight control law: (a) the height result by Simulink; (b) the height result by semi-physical simulation; (c) the pitch angle result by Simulink; and (d) the pitch angle result by semi-physical simulation. 
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Figure 22. The full model aircraft assembled in the wind tunnel test section. 
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Figure 23. Auxiliary springs for suspending the present model. 
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Figure 24. Trim angles of attack at different wind speeds. 
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Figure 25. Pitch angle control time history curves at different wind speeds: (a) 16 m/s; (b) 20 m/s; and (c) 24 m/s. 






Figure 25. Pitch angle control time history curves at different wind speeds: (a) 16 m/s; (b) 20 m/s; and (c) 24 m/s.



[image: Aerospace 09 00792 g025]







[image: Aerospace 09 00792 g026 550] 





Figure 26. Captures when the model reached different target pitch angles: (a) −5°; (b) 0°; (c) 5°; and (d) 10°. 
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Figure 27. The pitch angle and tail deflection angle time history curves at wind speed 24 m/s: (a) 5° and (b) −5°. 
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Figure 28. Height time history curves at different wind speeds: (a) 24 m/s and (b) 30 m/s. 
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Figure 29. Height, pitch angle and tail deflection angle time history curves at wind speed 24 m/s and the target height was 110 mm. 






Figure 29. Height, pitch angle and tail deflection angle time history curves at wind speed 24 m/s and the target height was 110 mm.



[image: Aerospace 09 00792 g029]







[image: Aerospace 09 00792 g030 550] 





Figure 30. Captures of the test when the model arose at wind speed 24 m/s to the height 110 mm. 
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Table 1. Model geometric parameters.






Table 1. Model geometric parameters.





	Parameters
	Value





	Scale ratio
	8%



	Length
	1.82 m



	Wingspan
	1.28 m



	MAC
	0.32 m



	Dihedral angle of V-tails
	40°
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