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Fig.1. Tentative plan of the fight profile of a small-scale supersonic experimental vehicle  
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Table 1. Design concept of the M2006 configuration. 

   

   

  
 

 

 
 

   

   

 

 

Fig. 2. Overview of the M2006 configuration. 

 

Table 2. Dimensions of the M2006 configuration. 

 Wind tunnel test model Real configuration 

Scale 1/5.7 1/1 

Length [m] 0.55 3.12 

Wing Span [m] 0.28 1.61 

Wing Area [m2] 0.03 0.96 

MAC [m] 0.14 0.80 

Sweep-back Angle [deg.] 66, 61 
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Table 3. Dimensions of the all-moving horizontal tail. 

Area [m2] 0.26 

Moment arm [m] 1.20 

Volumetric coefficient 0.40 

Sweep-back angle [deg.] 50 
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Fig. 3. A typical curve of pitching moment coefficient vs. angle of attack. 
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Fig. 4. Pitching moment coefficient vs. angle of attack at Mach 0.3. 
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Fig. 5. Pitching moment coefficient vs. angle of attack at Mach 0.7. 
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Fig. 6. Lift coefficient vs. elevator angle at Mach 0.3. 
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Fig. 7. Lift coefficient vs. elevator angle at Mach 0.7. 

 

Angle of Attack [deg.]

Li
ft 

[k
gf

]  
   

 M = 0.3
 M = 0.5
 M = 0.3 (d = -10[deg.])
 M = 0.3 (d =   -5[deg.])
 M = 0.5 (d =   -5[deg.])

Weight = 155 [kgf]

 

Fig. 8. Predicted lift of the experimental vehicle of the M2006 configuration. 
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Fig. 2.1.  The M2007 configuration 
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Fig. 2.3. Designed composite structure(CFRP) of the 

main wing for the M2007 configuration, where the 

upper skin is omitted.

Fig. 2.2.  Designed metal structure(2024-T4) of the 

main wing for the M2007 configuration, where the 

upper skin is omitted. 

Fig. 2.3.  Stress elements for defining 
the Von Mises stress 
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        (a) Schematics of the specimen.                    (b) Overview of the constructed specimen. 

Fig. 3.2 Trial construction of a structure specimen for the horizontal tail of the M2006 configuration. 

 

Fig.3.3. Alignment of the strain gauges. 

Fig. 3.1.  The M2006 configuration 
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Fig. 3.1 Von Mises stress
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Fig. 4.3

 

 

 

Fig. 4.1. Predicted Von Mises stress distribution for the 

designed metal structure(2024-T4),where the upper 

skin is omitted. 

Fig. 4.2. Predicted strain distribution for the designed 

composite structure(CFRP), where the upper skin is 

omitted



- 24 - 

  

 

Fig.4.3. Results of the values of the principal strains. 
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Fig.1 Configuration of the Parafoil. 
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(a) Video image of Camera 1. 

 

 
(b) Video image of Camera 2. 

Fig.2 A trajectory detected from video images. 

 

 

 

Fig.3 Definition of angles for analyzing trajectory points. 
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Fig.4 Flight trajectories of steady-state gliding at several values of angle of attack. 

 

Table 1 Characteristics of steady-state gliding at several values of angle of attack. 

  

 

 

U[m/s] 

 

 

W[m/s] 

 

[deg.] 

 

DL CC  

 

 

 

 

 

+16[mm] 3.44 1.87 28.9 1.84 

 +8[mm] 3.95 1.70 23.3 2.32 

  0[mm] 3.32 1.19 19.7 2.79 

 -8[mm] 3.49 1.21 19.1 2.88 

-16[mm] 2.42 1.00 22.5 2.42 

 

 

 

 

 

4 10 mm 20

mm

30[mm]

Fig.5 Fig.6  

 

 

 

3.1

Fig.7



- 34 - 

 

(a) Baseline.     (b)10[mm] shortening.  (c)20[mm] shortening. 

Fig.5 Flight trajectories for three shapes of the canopy. 

 

 
Fig.6 Horizontal displacement history of turning flight trajectories for three shapes of the canopy. 

 

 

Fig.7 Turning flight trajectories at several values of angle of attack. 
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Fig.8 Lateral control response. 

 

Table.2 Effects of the canopy shape on the lateral control response. 
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Fig.9 Comparison between an experimental flight trajectory and corresponding results of simulation. 

 

Table 3 Characteristic properties of the parafoil experimental vehicle used  

for simulation of steady-state gliding. 

 Property Notation
Value 

= -15 deg = 0 deg = 15 deg 

Lift coefficient LC  -0.110 0.330 0.690 

Pitching moment 

coefficient 
mC  0.034 0.014 -0.047 

Rolling stability lC -0.035 

Yawing stability nC  0.032 
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Table.1 physical value of1st Fan and LP Turbine 

  1st Fan LP Turbine 

Material  Ti-6Al-4V INC0718 

 kg/m3 4470 8230 

m kg 1.282 2.366 

Ip kg mm2 1575.8 4858.5 

Id kg mm2 2632.9 2907.8 
 

 

Table.2 The effects of the number of segments 

 20 Division  25 Division 30 Division

1st Mode 14224.8[rpm] 14270.8[rpm] 14158.9[rpm]

2nd Mode 45288.8[rpm] 45120.5[rpm] 45083.1[rpm]

3rd Mode 71997.4[rpm] 72266.8[rpm] 72323.9[rpm]
 

 

Fig.3-1 Fig.3-2  
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2) 1 (2001), 6 15, pp.291-315  
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