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Performance evaluation of GNC system of D–SEND#2

Tetsujiro Ninomiya*1 Hirokazu Suzuki*1 Jun’ichiro Kawaguchi*1

Abstract:

This report is concerned with evaluation of GNC systems for D–SEND#2. D–SEND is a project to demonstrate

a low sonic boom aerodynamic design concept, and the objective of D–SEND #2 flight test is to measure a

sonic boom which is generated by a test vehicle at prescribed flight conditions. In this flight test, an unpowered

test vehicle is lifted to an altitude of 30 km by a balloon from which it then separates. After the separation,

the vehicle’s on-board flight control computer selects a target Boom Measurement System (BMS) according

to the separation point. The vehicle then autonomously flies to the selected BMS and establishes prescribed

sonic boom measurement flight conditions. Since it is required to achieve mission objectives at the very first

flight in such a flight testing using a balloon, evaluation of mission success chance is mandatory adding to that

of controller stability. It is also important to establish operational criteria for various anomaly cases. Some

customized evaluation are also carried out to asses various risks in the flight test. This report describes a

comprehensive evaluation method for GNC systems of D–SEND #2.
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4.4.1

1

1 26– 28

q 1 10

100Pa

q Cmα Cmq

2

Cmα Cmq

3σ

9

9 1 (q )

Cmα Cmq

[dB] [deg] [ms]

1 0 0 10.9 -19.7 52.1 170.3

2 − 0 10.5 -17.5 48.2 163.6

3 + 0 11.3 -20.8 53.7 173.5

4 0 − 10.8 -18.3 49.8 163.0

5 0 + 11.0 -21.3 54.4 177.8

6 − − 10.4 -16.2 45.8 155.6

7 − + 10.5 -19.0 50.4 171.9

8 + − 11.2 -19.4 51.5 166.4

9 + + 11.3 -22.4 56.0 180.7
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+ 0 9.6 -32.6 71.5 465.3
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− 0 14.9 -35.1 72.9 302.1

+ 0 15.2 -34.4 78.1 326.6
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− 0 15.1 -34.6 67.3 255.2
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+ 1 9.7 −∞ 34.4 110.1
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− 1 8.9 −∞ 15.4 47.6

+ 1 9.8 −∞ 45.2 153.8
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Cmα

− 1 9.0 −∞ 44.6 121.2

+ 1 9.7 −∞ 14.4 55.7

Cmδe

− 1 8.1 −∞ 19.4 61.6

+ 1 9.7 −∞ 34.4 110.1

Cmq

− 1 8.9 −∞ 15.4 47.6

+ 1 9.8 −∞ 45.2 153.8
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60 JAXA-RR-18-XXX

5

16 5

1:

0: [dB] [deg] [ms]

CL0

− 1 12.7 −∞ 84.7 1306.0

+ 1 12.8 −∞ 84.5 1273.5

CLα

− 1 12.0 −∞ 86.5 1891.2

+ 1 12.1 −∞ 81.2 854.8

CLδe

− 1 12.4 −∞ 84.5 1192.7

+ 1 13.2 −∞ 84.7 1430.2

CD0

− 1 12.7 −∞ 84.7 1300.9

+ 1 12.8 −∞ 84.6 1278.7

CDδe

− 1 12.8 −∞ 84.6 1290.0

+ 1 12.7 −∞ 84.6 1289.5

Cm0

− 1 12.7 −∞ 84.7 1300.3

+ 1 12.8 −∞ 84.6 1279.2

Cmα

− 1 11.9 −∞ 86.4 1786.2

+ 1 10.7 −∞ 80.2 823.7

Cmδe

− 1 13.3 −∞ 83.8 1500.8

+ 1 12.8 −∞ 85.0 1227.3

Cmq

− 1 11.7 −∞ 86.0 244.6

+ 1 13.4 −∞ 83.3 1320.1

4.5.2

1

1 Appendix D

2

Clβ−, Clp−
2 12 deg

Clβ
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5

16 5

1:

0: [dB] [deg] [ms]

CL0

− 1 12.7 −∞ 84.7 1306.0

+ 1 12.8 −∞ 84.5 1273.5

CLα

− 1 12.0 −∞ 86.5 1891.2

+ 1 12.1 −∞ 81.2 854.8

CLδe

− 1 12.4 −∞ 84.5 1192.7

+ 1 13.2 −∞ 84.7 1430.2

CD0

− 1 12.7 −∞ 84.7 1300.9

+ 1 12.8 −∞ 84.6 1278.7

CDδe

− 1 12.8 −∞ 84.6 1290.0

+ 1 12.7 −∞ 84.6 1289.5

Cm0

− 1 12.7 −∞ 84.7 1300.3

+ 1 12.8 −∞ 84.6 1279.2

Cmα

− 1 11.9 −∞ 86.4 1786.2

+ 1 10.7 −∞ 80.2 823.7

Cmδe

− 1 13.3 −∞ 83.8 1500.8

+ 1 12.8 −∞ 85.0 1227.3

Cmq

− 1 11.7 −∞ 86.0 244.6

+ 1 13.4 −∞ 83.3 1320.1

4.5.2

1

1 Appendix D

2

Clβ−, Clp−
2 12 deg

Clβ
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17: 2

∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.8

+ 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.8

CY β

− 1 9.4 −∞ 51.6 139.3 10.1 −∞ 57.4 246.6

+ 1 9.1 −∞ 51.5 127.2 9.8 −∞ 65.3 304.7

CY δr

− 1 9.3 −∞ 52.4 137.4 10.1 −∞ 64.3 253.9

+ 1 9.1 −∞ 50.1 125.8 9.8 −∞ 58.0 272.8

CY δa

− 1 9.4 −∞ 49.8 126.1 10.1 −∞ 56.4 270.9

+ 1 9.2 −∞ 52.5 136.5 9.9 −∞ 63.6 247.4

Cn0

− 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.8

+ 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.8

Cnβ

− 1 9.3 −∞ 49.1 131.5 10.4 -41.2 48.6 243.7

+ 1 9.2 −∞ 55.5 138.7 9.5 −∞ 75.1 229.3

Cnδr

− 1 9.1 −∞ 48.7 119.7 8.5 −∞ 50.0 245.4

+ 1 9.3 −∞ 51.3 132.9 10.7 −∞ 64.4 268.8

Cnδa

− 1 9.1 −∞ 47.8 120.4 10.2 −∞ 53.9 260.8

+ 1 9.6 −∞ 74.9 412.5 9.1 −∞ 47.7 124.4

Cl0

− 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.8

+ 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.8

Clβ

− 1 8.3 −∞ 44.7 94.2 9.9 −∞ 56.0 270.1

+ 1 10.0 -13.8 58.1 207.1 10.0 -19.4 45.1 148.2

Clδr

− 1 9.2 −∞ 50.7 128.7 10.0 −∞ 59.6 268.7

+ 1 9.3 −∞ 52.5 137.4 9.9 −∞ 63.4 256.5

Clδa

− 1 8.3 −∞ 46.7 121.3 9.9 −∞ 61.0 273.1

+ 1 9.8 −∞ 54.2 139.4 10.0 −∞ 61.7 259.4

Cnr

− 1 9.2 −∞ 51.6 133.2 9.9 −∞ 60.8 257.2

+ 1 9.2 −∞ 51.3 132.2 10.1 −∞ 65.6 310.6

Clp

− 1 8.2 −∞ 32.4 78.9 9.9 −∞ 57.6 279.0

+ 1 10.0 −∞ 75.0 208.8 10.0 −∞ 62.0 209.7

* 0: 1:
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5

16 5

1:

0: [dB] [deg] [ms]

CL0

− 1 12.7 −∞ 84.7 1306.0

+ 1 12.8 −∞ 84.5 1273.5

CLα

− 1 12.0 −∞ 86.5 1891.2

+ 1 12.1 −∞ 81.2 854.8

CLδe

− 1 12.4 −∞ 84.5 1192.7

+ 1 13.2 −∞ 84.7 1430.2

CD0

− 1 12.7 −∞ 84.7 1300.9

+ 1 12.8 −∞ 84.6 1278.7

CDδe

− 1 12.8 −∞ 84.6 1290.0

+ 1 12.7 −∞ 84.6 1289.5

Cm0

− 1 12.7 −∞ 84.7 1300.3

+ 1 12.8 −∞ 84.6 1279.2

Cmα

− 1 11.9 −∞ 86.4 1786.2

+ 1 10.7 −∞ 80.2 823.7

Cmδe

− 1 13.3 −∞ 83.8 1500.8

+ 1 12.8 −∞ 85.0 1227.3

Cmq

− 1 11.7 −∞ 86.0 244.6

+ 1 13.4 −∞ 83.3 1320.1

4.5.2

1

1 Appendix D

2

Clβ−, Clp−
2 12 deg

Clβ
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62 JAXA-RR-18-XXX

17: 2

∗

[dB] [deg] [ms] [dB] [deg] [ms]

Clr

− 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.4 264.1

+ 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.5

* 0: 1:

3

Clβ+

3 4deg 2 Clβ (Mach=1.4 -0.004)

( 0.001)

18: 3

∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

CY β

− 1 14.3 −∞ 67.4 451.5 17.0 −∞ 69.2 363.4

+ 1 14.1 −∞ 63.1 439.8 16.7 −∞ 70.6 281.2

CY δr

− 1 14.3 −∞ 63.9 443.7 17.0 −∞ 71.0 316.7

+ 1 14.1 −∞ 65.9 459.4 16.7 −∞ 70.9 322.3

CY δa

− 1 14.4 −∞ 78.3 368.6 17.0 −∞ 83.2 413.9

+ 1 14.2 −∞ 60.2 422.0 16.8 −∞ 67.6 296.5

Cn0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

Cnβ

− 1 14.2 −∞ 64.1 351.5 17.2 −∞ 40.3 357.9

+ 1 14.2 −∞ 60.3 403.5 16.4 −∞ 62.2 214.3

Cnδr

− 1 14.2 −∞ 63.0 437.8 15.1 −∞ 61.4 280.0

+ 1 14.2 −∞ 65.2 453.2 17.6 −∞ 73.3 329.2

* 0: 1:
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62 JAXA-RR-18-XXX

17: 2

∗

[dB] [deg] [ms] [dB] [deg] [ms]

Clr

− 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.4 264.1

+ 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.5

* 0: 1:

3

Clβ+

3 4deg 2 Clβ (Mach=1.4 -0.004)

( 0.001)

18: 3

∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

CY β

− 1 14.3 −∞ 67.4 451.5 17.0 −∞ 69.2 363.4

+ 1 14.1 −∞ 63.1 439.8 16.7 −∞ 70.6 281.2

CY δr

− 1 14.3 −∞ 63.9 443.7 17.0 −∞ 71.0 316.7

+ 1 14.1 −∞ 65.9 459.4 16.7 −∞ 70.9 322.3

CY δa

− 1 14.4 −∞ 78.3 368.6 17.0 −∞ 83.2 413.9

+ 1 14.2 −∞ 60.2 422.0 16.8 −∞ 67.6 296.5

Cn0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

Cnβ

− 1 14.2 −∞ 64.1 351.5 17.2 −∞ 40.3 357.9

+ 1 14.2 −∞ 60.3 403.5 16.4 −∞ 62.2 214.3

Cnδr

− 1 14.2 −∞ 63.0 437.8 15.1 −∞ 61.4 280.0

+ 1 14.2 −∞ 65.2 453.2 17.6 −∞ 73.3 329.2

* 0: 1:

D–SEND#2 63

18: 3

∗

[dB] [deg] [ms] [dB] [deg] [ms]

Cnδa

− 1 14.1 −∞ 72.9 330.2 17.0 −∞ 85.5 484.1

+ 1 14.4 -10.3 36.2 262.0 12.7 -11.3 49.8 194.5

Cl0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

Clβ

− 1 13.7 −∞ 72.4 578.5 16.7 −∞ 71.2 549.5

+ 1 14.6 -11.1 32.2 180.3 16.2 -4.0 28.9 135.2

Clδr

− 1 14.1 −∞ 66.2 461.7 17.0 −∞ 71.5 324.5

+ 1 14.3 −∞ 63.4 439.3 16.7 −∞ 70.4 313.3

Clδa

− 1 13.4 −∞ 62.0 432.5 16.8 −∞ 71.4 319.9

+ 1 14.7 −∞ 66.1 459.0 16.8 −∞ 70.7 318.2

Cnr

− 1 14.2 −∞ 64.1 447.2 16.8 −∞ 68.8 309.1

+ 1 14.2 −∞ 68.0 462.7 17.0 −∞ 84.7 387.2

Clp

− 1 12.7 −∞ 39.5 184.3 16.8 −∞ 73.2 314.4

+ 1 15.4 −∞ 83.6 829.2 16.9 −∞ 65.9 297.8

Clr

− 1 14.2 −∞ 64.8 450.6 16.8 −∞ 70.9 318.7

+ 1 14.2 −∞ 64.7 450.0 16.8 −∞ 71.0 319.1

* 0: 1:

4

Clβ−

Cnδr−

Cnβ− Clβ+

Clp− 3σ

3
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17: 2

∗

[dB] [deg] [ms] [dB] [deg] [ms]

Clr

− 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.4 264.1

+ 1 9.2 −∞ 51.6 133.0 10.0 −∞ 61.5 263.5

* 0: 1:

3

Clβ+

3 4deg 2 Clβ (Mach=1.4 -0.004)

( 0.001)

18: 3

∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

CY β

− 1 14.3 −∞ 67.4 451.5 17.0 −∞ 69.2 363.4

+ 1 14.1 −∞ 63.1 439.8 16.7 −∞ 70.6 281.2

CY δr

− 1 14.3 −∞ 63.9 443.7 17.0 −∞ 71.0 316.7

+ 1 14.1 −∞ 65.9 459.4 16.7 −∞ 70.9 322.3

CY δa

− 1 14.4 −∞ 78.3 368.6 17.0 −∞ 83.2 413.9

+ 1 14.2 −∞ 60.2 422.0 16.8 −∞ 67.6 296.5

Cn0

− 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

+ 1 14.2 −∞ 64.8 450.3 16.8 −∞ 70.9 318.9

Cnβ

− 1 14.2 −∞ 64.1 351.5 17.2 −∞ 40.3 357.9

+ 1 14.2 −∞ 60.3 403.5 16.4 −∞ 62.2 214.3

Cnδr

− 1 14.2 −∞ 63.0 437.8 15.1 −∞ 61.4 280.0

+ 1 14.2 −∞ 65.2 453.2 17.6 −∞ 73.3 329.2
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64 JAXA-RR-18-XXX

19: 4

∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

CY β

− 1 6.9 −∞ 51.3 142.3 9.7 −∞ 31.3 123.9

+ 1 6.9 -27.8 52.7 153.7 9.4 −∞ 31.3 104.9

CY δr

− 1 6.9 -52.9 52.3 150.1 9.7 −∞ 33.1 119.1

+ 1 6.8 -32.4 51.5 143.6 9.3 −∞ 30.2 110.0

CY δa

− 1 7.0 -41.5 53.2 151.2 9.7 −∞ 31.7 114.2

+ 1 6.8 -38.2 51.6 146.3 9.5 −∞ 31.9 115.5

Cn0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

Cnβ

− 1 6.9 -26.4 54.1 158.9 10.0 -7.6 26.8 145.2

+ 1 6.9 −∞ 50.3 136.3 9.1 −∞ 31.4 92.1

Cnδr

− 1 6.9 −∞ 53.6 182.5 7.8 −∞ 18.0 68.4

+ 1 6.8 -34.1 51.6 144.1 10.4 −∞ 35.0 125.8

Cnδa

− 1 6.8 -42.2 51.7 146.7 9.7 −∞ 31.8 114.1

+ 1 7.1 -33.9 52.5 149.7 9.1 −∞ 31.9 117.2

Cl0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

Clβ

− 1 7.3 -3.3 24.1 159.0 9.4 -5.0 33.2 134.5

+ 1 6.3 −∞ 41.0 90.5 9.6 −∞ 34.6 121.6

Clδr

− 1 6.7 -27.7 50.1 136.1 9.6 -35.4 31.0 111.7

+ 1 7.0 −∞ 52.4 157.2 9.4 −∞ 32.7 118.8

Clδa

− 1 6.3 -39.1 47.1 135.2 9.5 −∞ 31.8 115.1

+ 1 7.3 -39.0 54.6 154.4 9.6 −∞ 31.8 115.1

Cnr

− 1 6.9 -38.8 52.0 147.7 9.5 −∞ 30.7 111.1

+ 1 6.9 -40.4 52.3 148.0 9.8 −∞ 37.8 140.1

Clp

− 1 5.8 -25.5 31.0 83.7 9.5 −∞ 32.3 116.5

+ 1 7.8 -36.5 74.7 250.0 9.6 −∞ 31.6 114.6

* 0: 1:

64 宇宙航空研究開発機構研究開発報告　JAXA-RR-18-004

This document is provided by JAXA.



64 JAXA-RR-18-XXX
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∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

CY β

− 1 6.9 −∞ 51.3 142.3 9.7 −∞ 31.3 123.9

+ 1 6.9 -27.8 52.7 153.7 9.4 −∞ 31.3 104.9

CY δr

− 1 6.9 -52.9 52.3 150.1 9.7 −∞ 33.1 119.1

+ 1 6.8 -32.4 51.5 143.6 9.3 −∞ 30.2 110.0

CY δa

− 1 7.0 -41.5 53.2 151.2 9.7 −∞ 31.7 114.2

+ 1 6.8 -38.2 51.6 146.3 9.5 −∞ 31.9 115.5

Cn0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

Cnβ

− 1 6.9 -26.4 54.1 158.9 10.0 -7.6 26.8 145.2

+ 1 6.9 −∞ 50.3 136.3 9.1 −∞ 31.4 92.1

Cnδr

− 1 6.9 −∞ 53.6 182.5 7.8 −∞ 18.0 68.4

+ 1 6.8 -34.1 51.6 144.1 10.4 −∞ 35.0 125.8

Cnδa

− 1 6.8 -42.2 51.7 146.7 9.7 −∞ 31.8 114.1

+ 1 7.1 -33.9 52.5 149.7 9.1 −∞ 31.9 117.2

Cl0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

Clβ

− 1 7.3 -3.3 24.1 159.0 9.4 -5.0 33.2 134.5

+ 1 6.3 −∞ 41.0 90.5 9.6 −∞ 34.6 121.6

Clδr

− 1 6.7 -27.7 50.1 136.1 9.6 -35.4 31.0 111.7

+ 1 7.0 −∞ 52.4 157.2 9.4 −∞ 32.7 118.8

Clδa

− 1 6.3 -39.1 47.1 135.2 9.5 −∞ 31.8 115.1

+ 1 7.3 -39.0 54.6 154.4 9.6 −∞ 31.8 115.1

Cnr

− 1 6.9 -38.8 52.0 147.7 9.5 −∞ 30.7 111.1

+ 1 6.9 -40.4 52.3 148.0 9.8 −∞ 37.8 140.1

Clp

− 1 5.8 -25.5 31.0 83.7 9.5 −∞ 32.3 116.5

+ 1 7.8 -36.5 74.7 250.0 9.6 −∞ 31.6 114.6

* 0: 1:
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∗

[dB] [deg] [ms] [dB] [deg] [ms]

Clr

− 1 6.9 -39.4 52.1 147.8 9.5 −∞ 31.9 115.3

+ 1 6.9 -38.7 52.0 147.5 9.5 −∞ 31.8 114.9

* 0: 1:

5

Cnδa+, Clβ+

20: 5

∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 12.3 −∞ 84.4 519.3 11.6 −∞ 52.1 180.5

+ 1 12.3 −∞ 84.4 519.3 11.6 −∞ 52.1 180.5

CY β

− 1 12.3 −∞ 84.4 502.0 12.0 −∞ 50.3 200.6

+ 1 12.2 −∞ 84.0 524.8 11.1 −∞ 52.5 159.5

CY δr

− 1 12.3 −∞ 83.0 511.2 11.8 −∞ 52.7 176.7

+ 1 12.2 −∞ 86.2 530.3 11.4 −∞ 51.5 183.0

CY δa

− 1 12.3 −∞ 105.5 715.4 11.9 −∞ 57.0 214.8

+ 1 12.2 −∞ 77.6 470.4 11.4 −∞ 50.1 162.8

Cn0

− 1 12.3 −∞ 84.4 519.3 11.6 −∞ 52.1 180.5

+ 1 12.3 −∞ 84.4 519.3 11.6 −∞ 52.1 180.5

Cnβ

− 1 12.3 −∞ 76.8 377.5 12.7 −∞ 38.0 217.4

+ 1 12.2 −∞ 80.6 503.1 10.3 −∞ 47.6 109.0

Cnδr

− 1 12.3 −∞ 80.7 496.6 9.6 −∞ 40.0 144.7

+ 1 12.2 −∞ 85.2 525.2 12.4 −∞ 55.3 189.4

Cnδa

− 1 12.1 −∞ 109.9 778.4 12.1 −∞ 57.6 221.4

+ 1 12.8 -12.5 49.5 287.1 10.4 -12.8 39.5 97.8

* 0: 1:
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∗

[dB] [deg] [ms] [dB] [deg] [ms]

CY 0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

CY β

− 1 6.9 −∞ 51.3 142.3 9.7 −∞ 31.3 123.9

+ 1 6.9 -27.8 52.7 153.7 9.4 −∞ 31.3 104.9

CY δr

− 1 6.9 -52.9 52.3 150.1 9.7 −∞ 33.1 119.1

+ 1 6.8 -32.4 51.5 143.6 9.3 −∞ 30.2 110.0

CY δa

− 1 7.0 -41.5 53.2 151.2 9.7 −∞ 31.7 114.2

+ 1 6.8 -38.2 51.6 146.3 9.5 −∞ 31.9 115.5

Cn0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

Cnβ

− 1 6.9 -26.4 54.1 158.9 10.0 -7.6 26.8 145.2

+ 1 6.9 −∞ 50.3 136.3 9.1 −∞ 31.4 92.1

Cnδr

− 1 6.9 −∞ 53.6 182.5 7.8 −∞ 18.0 68.4

+ 1 6.8 -34.1 51.6 144.1 10.4 −∞ 35.0 125.8

Cnδa

− 1 6.8 -42.2 51.7 146.7 9.7 −∞ 31.8 114.1

+ 1 7.1 -33.9 52.5 149.7 9.1 −∞ 31.9 117.2

Cl0

− 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

+ 1 6.9 -39.0 52.1 147.7 9.5 −∞ 31.8 115.1

Clβ

− 1 7.3 -3.3 24.1 159.0 9.4 -5.0 33.2 134.5

+ 1 6.3 −∞ 41.0 90.5 9.6 −∞ 34.6 121.6

Clδr

− 1 6.7 -27.7 50.1 136.1 9.6 -35.4 31.0 111.7

+ 1 7.0 −∞ 52.4 157.2 9.4 −∞ 32.7 118.8

Clδa

− 1 6.3 -39.1 47.1 135.2 9.5 −∞ 31.8 115.1

+ 1 7.3 -39.0 54.6 154.4 9.6 −∞ 31.8 115.1

Cnr

− 1 6.9 -38.8 52.0 147.7 9.5 −∞ 30.7 111.1

+ 1 6.9 -40.4 52.3 148.0 9.8 −∞ 37.8 140.1

Clp

− 1 5.8 -25.5 31.0 83.7 9.5 −∞ 32.3 116.5

+ 1 7.8 -36.5 74.7 250.0 9.6 −∞ 31.6 114.6
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20: 5

∗

[dB] [deg] [ms] [dB] [deg] [ms]

Cl0

− 1 12.3 −∞ 84.4 519.3 11.6 −∞ 52.1 180.5

+ 1 12.3 −∞ 84.4 519.3 11.6 −∞ 52.1 180.5

Clβ

− 1 11.8 −∞ 101.2 663.2 11.5 −∞ 93.8 426.7

+ 1 12.6 -8.9 68.0 423.7 11.7 -10.6 32.8 95.2

Clδr

− 1 12.1 −∞ 87.2 536.1 11.6 −∞ 52.3 185.4

+ 1 12.4 −∞ 81.7 503.4 11.6 −∞ 51.9 174.3

Clδa

− 1 11.6 −∞ 81.1 499.8 11.6 −∞ 52.4 182.3

+ 1 12.7 −∞ 85.9 529.2 11.6 −∞ 52.0 179.4

Cnr

− 1 12.3 −∞ 83.7 514.4 11.5 −∞ 50.2 168.0

+ 1 12.3 −∞ 87.8 544.1 12.1 −∞ 64.2 228.6

Clp

− 1 9.6 −∞ 45.0 185.5 11.4 −∞ 49.5 117.8

+ 1 13.7 −∞ 100.9 1287.4 11.7 −∞ 48.8 154.0

Clr

− 1 12.3 −∞ 84.4 519.6 11.6 −∞ 52.1 180.4

+ 1 12.3 −∞ 84.3 519.1 11.6 −∞ 52.1 180.5

* 0: 1:

4.5.3

4 (CLα+, Cmα+, Cmδe−, Cmq−) (Clβ−, Cnδr−)
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5
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5.2

MCS p̂ p

NMCS p̂ p

MCS NMCS

NMCS

p [PL, PU ] 1−α(α p )

[PL, PU ] 1− α = 0.95 MCS

p [PL, PU ]
19)

[PL, PU ] =


p̂− Zα/2

√
p̂(1− p̂)

NMCS
, p̂+ Zα/2

√
p̂(1− p̂)

NMCS


 (3)

NMCS (3)

Zα/2 100(α/2)%

(4)

α

α = 0.05 Zα = 1.645

[PL, 1] =


p̂− Zα

√
p̂(1− p̂)

NMCS
, 1


 (4)

p = 0.9, 0.95, 0.98 α = 0.05 p̂ NMCS

21 MCS

90.0% 95.0% 98.0%

NMCS = 500 92.0 % 96.4% 98.8

NMCS = 1000 91.5 % 96.0% 98.6

NMCS = 3000 90.9 % 95.6% 98.4

NMCS = 5000 90.7 % 95.5% 98.3

NMCS = 10000 90.5 % 95.3% 98.2

5.3 MCS

3000 MCS 22 95.6% 21 3 000

MCS 95.6% 95.0% 2

90%

5.4

MCS

Nzc

5.4.1

8

MCS 1–1000
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II

II

5.4

6

6.1

MCS 10

BMS

15)

MCS

(7 8 )

MCS +3σ −3σ

(

)

0

8 MCS 7 8 8

MCS

6.2 MCS

28–30 km 30–32 km 30 km

3 32 km

1km

32 km

32 km

MCS 5 000

1%
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6.2.1 7

7 24 – 25 28–32 km

±3σ

24 7 MCS [%]( 28–30 km)

+3σ +3σ 89.94 8.46 0.98 0.62 100.00

−3σ −3σ 97.26 2.00 0.52 0.22 100.00

+3σ −3σ 96.26 2.82 0.60 0.32 100.00

−3σ +3σ 93.24 5.68 0.60 0.48 100.00

+3σ 0 95.02 3.94 0.68 0.36 100.00

0 +3σ 92.62 6.08 0.84 0.46 100.00

−3σ 0 96.78 2.26 0.68 0.28 100.00

0 −3σ 97.16 2.02 0.58 0.24 100.00

25 7 MCS [%]( 30–32 km)

+3σ +3σ 89.34 8.96 0.86 0.84 100.00

−3σ −3σ 96.96 1.82 0.58 0.64 100.00

+3σ −3σ 95.54 3.16 0.74 0.56 100.00

−3σ +3σ 92.80 6.06 0.56 0.58 100.00

+3σ 0 94.98 3.88 0.66 0.48 100.00

0 +3σ 92.64 6.14 0.58 0.64 100.00

−3σ 0 96.82 2.26 0.46 0.46 100.00

0 −3σ 97.00 1.92 0.58 0.50 100.00
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6.2.2 8

8 26 – 27 ±3σ

26 8 MCS [%]( 28–30 km)

+3σ +3σ 92.72 5.54 1.12 0.62 100.00

−3σ −3σ 96.62 2.08 0.66 0.64 100.00

+3σ −3σ 95.08 3.34 1.04 0.54 100.00

−3σ +3σ 95.74 3.18 0.64 0.44 100.00

+3σ 0 94.66 3.74 1.06 0.54 100.00

0 +3σ 95.68 3.04 0.88 0.40 100.00

−3σ 0 96.64 2.10 0.76 0.50 100.00

0 −3σ 96.60 2.12 0.74 0.54 100.00

27 8 MCS [%]( 30–32 km)

+3σ +3σ 92.72 5.54 1.12 0.62 100.00

−3σ −3σ 96.62 2.08 0.66 0.64 100.00

+3σ −3σ 95.08 3.34 1.04 0.54 100.00

−3σ +3σ 95.74 3.18 0.64 0.44 100.00

+3σ 0 94.66 3.74 1.06 0.54 100.00

0 +3σ 95.68 3.04 0.88 0.40 100.00

−3σ 0 96.64 2.10 0.76 0.50 100.00

0 −3σ 96.60 2.12 0.74 0.54 100.00

6.3

6.3.1 7

166 59

3σ 5 km

5 3

3.2σ 2

12–14 km
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28 7 MCS [%](3.2σ, 28–30 km)

+3.2σ +3.2σ 88.88 9.28 1.00 0.84 100.0

−3.2σ −3.2σ 97.06 2.16 0.48 0.30 100.0

+3.2σ −3.2σ 95.94 3.12 0.62 0.32 100.0

−3.2σ +3.2σ 92.68 6.24 0.62 0.46 100.0

+3.2σ 0 94.84 4.14 0.70 0.32 100.0

0 +3.2σ 92.16 6.62 0.74 0.48 100.0

−3.2σ 0 96.72 2.30 0.66 0.32 100.0

0 −3.2σ 97.30 1.90 0.54 0.26 100.0

28–30 km 30–32 km 3.2σ

28 – 29 32 km 3.2σ
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29 7 MCS [%](3.2σ, 30–32 km)

+3.2σ +3.2σ 88.00 10.02 1.00 0.98 100.0

−3.2σ −3.2σ 96.90 1.84 0.60 0.66 100.00

+3.2σ −3.2σ 95.44 3.24 0.74 0.58 100.00

−3.2σ +3.2σ 91.86 7.04 0.56 0.54 100.00

+3.2σ 0 94.74 4.16 0.56 0.54 100.00

0 +3.2σ 91.84 6.74 0.76 0.66 100.00

−3.2σ 0 96.78 2.28 0.42 0.52 100.00

0 −3.2σ 96.86 2.02 0.58 0.54 100.00
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29 7 MCS [%](3.2σ, 30–32 km)
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32 km

30 8 MCS [%]( A, 28–30 km)

+3σ +4σ 91.56 6.36 1.50 0.58 100.00

−3σ −3.8σ 96.72 2.26 0.74 0.28 100.00

+3σ −3.8σ 95.46 3.22 1.02 0.30 100.00

−3σ +4σ 96.68 2.24 0.80 0.28 100.00

+3σ 0 94.66 3.74 1.06 0.54 100.00

0 +4σ 97.12 2.04 0.66 0.18 100.00

−3σ 0 96.64 2.10 0.76 0.50 100.00

0 −3.8σ 96.84 2.10 0.82 0.24 100.00

31 8 MCS [%]( A, 30–32 km)

+3σ +4σ 96.60 2.12 0.74 0.54 100.00

−3σ −3.8σ 96.60 2.12 0.74 0.54 100.00

+3σ −3.8σ 96.60 2.12 0.74 0.54 100.00

−3σ +4σ 96.60 2.12 0.74 0.54 100.00

+3σ 0 94.66 3.74 1.06 0.54 100.00

0 +4σ 96.60 2.12 0.74 0.54 100.00

−3σ 0 96.64 2.10 0.76 0.50 100.00

0 −3.8σ 96.60 2.12 0.74 0.54 100.00

6.4

GNC 7 ±3.2σ 8

[−3.8σ,+4.0σ] ±3.0σ

7

•
•
•

MCS
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29 7 MCS [%](3.2σ, 30–32 km)

+3.2σ +3.2σ 88.00 10.02 1.00 0.98 100.0

−3.2σ −3.2σ 96.90 1.84 0.60 0.66 100.00

+3.2σ −3.2σ 95.44 3.24 0.74 0.58 100.00

−3.2σ +3.2σ 91.86 7.04 0.56 0.54 100.00

+3.2σ 0 94.74 4.16 0.56 0.54 100.00

0 +3.2σ 91.84 6.74 0.76 0.66 100.00

−3.2σ 0 96.78 2.28 0.42 0.52 100.00

0 −3.2σ 96.86 2.02 0.58 0.54 100.00
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32 3σ
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7.2
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1%

( 1 deg )

*1

3σ 32

*1
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Zone-2 33 *2

±6σ (±4 deg )

±9σ (±15m/s )

±3σ (±6 deg/s )

±1.5σ (±0.5 deg/s )

±1.5σ (±0.5 deg/s )

34

33 Zone–2 (%)

+3σ +6σ +9σ −3σ −6σ −9σ +1.5σ −1.5σ

95.5 95.3 95.3 95.4 95.3 93.3 − −

3.0 3.0 3.1 3.1 3.1 3.0 − −

0.9 1.1 1.2 0.9 1.0 2.6 − −

0.60 0.53 0.40 0.57 0.57 1.07 − −

95.4 95.5 95.6 95.2 95.4 95.4 − −

3.1 3.1 3.0 3.2 3.1 3.2 − −

0.9 0.9 0.9 0.9 0.9 0.8 − −

0.63 0.60 0.43 0.67 0.63 0.60 − −

95.3 94.8 94.0 95.2 94.7 93.9 − −

3.2 3.2 3.1 3.2 3.3 3.3 − −

0.9 0.7 0.8 0.9 1.0 0.7 − −

0.63 1.23 2.07 0.73 1.07 2.07 − −

94.9 78.5 4.4 93.7 17.7 0.1 95.4 95.5

3.0 1.6 0.1 3.3 0.2 0.0 2.9 2.9

1.6 19.4 90.2 2.0 68.4 81.4 1.1 0.9

0.50 0.57 5.30 0.97 13.67 18.50 0.57 0.67

+1σ +1.5σ +2σ +3σ −1σ −1.5σ −2σ −3σ

95.6 95.4 94.8 91.3 95.7 95.3 94.7 91.7

3.1 3.1 3.1 3.2 3.0 3.1 3.2 3.1

0.8 0.8 0.9 0.7 0.8 0.7 0.6 0.7

0.43 0.67 1.23 4.80 0.57 0.90 1.47 4.43

*2 Zone–3 1.07% ±1.5σ
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34 Zone ( - + %)

Zone–1

96.3 / 96.1 96.1 / 96.3 96.2 / 95.1 96.2 / 96.2 96.1 / 95.8

3.0 / 3.2 3.4 / 3.1 3.2 / 3.2 3.2 / 3.4 3.3 / 3.4

0.4 / 0.4 0.3 / 0.3 0.4 / 1.4 0.3 / 0.5 0.3 / 0.4

0.20 / 0.27 0.27 / 0.23 0.27 / 0.27 0.33 / 0.27 0.23 / 0.37

Zone–3

95.3 / 95.3 95.6 / 95.4 95.3 / 95.2 95.4 / 95.5 95.4 / 95.3

3.0 / 3.1 3.0 / 3.2 3.2 / 3.2 2.9 / 2.9 3.1 / 3.1

1.1 / 1.0 0.9 / 0.8 0.9 / 0.9 1.1 / 0.9 0.8 / 0.7

0.53 / 0.57 0.43 / 0.60 0.63 / 0.73 0.57 / 0.67 0.67 / 0.90

Zone–4

95.7 / 95.7 95.8 / 95.6 95.7 / 95.6 95.7 / 95.8 95.5 / 95.6

3.4 / 3.5 3.5 / 3.6 3.5 / 3.5 3.4 / 3.5 3.6 / 3.4

0.7 / 0.6 0.5 / 0.5 0.4 / 0.6 0.6 / 0.4 0.5 / 0.5

0.27 / 0.23 0.20 / 0.30 0.33 / 0.37 0.30 / 0.27 0.37 / 0.53

7.3

a)

b)

c)

d)

35 ++

/ 4

1% a) c) d)

b)

1/3

0.5 deg/s 0.1 deg
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34 Zone ( - + %)

Zone–1

96.3 / 96.1 96.1 / 96.3 96.2 / 95.1 96.2 / 96.2 96.1 / 95.8

3.0 / 3.2 3.4 / 3.1 3.2 / 3.2 3.2 / 3.4 3.3 / 3.4

0.4 / 0.4 0.3 / 0.3 0.4 / 1.4 0.3 / 0.5 0.3 / 0.4

0.20 / 0.27 0.27 / 0.23 0.27 / 0.27 0.33 / 0.27 0.23 / 0.37

Zone–3

95.3 / 95.3 95.6 / 95.4 95.3 / 95.2 95.4 / 95.5 95.4 / 95.3

3.0 / 3.1 3.0 / 3.2 3.2 / 3.2 2.9 / 2.9 3.1 / 3.1

1.1 / 1.0 0.9 / 0.8 0.9 / 0.9 1.1 / 0.9 0.8 / 0.7

0.53 / 0.57 0.43 / 0.60 0.63 / 0.73 0.57 / 0.67 0.67 / 0.90

Zone–4

95.7 / 95.7 95.8 / 95.6 95.7 / 95.6 95.7 / 95.8 95.5 / 95.6

3.4 / 3.5 3.5 / 3.6 3.5 / 3.5 3.4 / 3.5 3.6 / 3.4

0.7 / 0.6 0.5 / 0.5 0.4 / 0.6 0.6 / 0.4 0.5 / 0.5

0.27 / 0.23 0.20 / 0.30 0.33 / 0.37 0.30 / 0.27 0.37 / 0.53

7.3

a)

b)

c)

d)

35 ++

/ 4

1% a) c) d)

b)

1/3

0.5 deg/s 0.1 deg
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35 (4 %)

a) b) c) d)

±1.5σ ±1.0σ ±9.0σ ±9.0σ

±6.0σ ±1.5σ ±6.0σ ±1.5σ

Zone–1

++ 96.2/3.2/0.3/0.23 96.0/3.3/0.5/0.27 95.8/3.2/0.7/0.33 96.1/3.2/0.3/0.33

+− 96.0/3.3/0.3/0.40 95.9/3.2/0.6/0.37 95.7/3.2/0.8/0.27 96.0/3.3/0.5/0.23

−+ 96.0/3.3/0.4/0.30 95.8/3.2/0.6/0.37 96.1/3.2/0.4/0.27 96.0/3.2/0.3/0.40

−− 94.9/3.2/1.6/0.27 96.3/3.0/0.4/0.37 95.6/3.2/0.9/0.27 95.7/3.4/0.5/0.37

Zone–2

++ 95.4/3.1/1.2/0.37 95.5/3.1/0.8/0.60 95.5/3.0/1.0/0.47 95.5/3.0/1.0/0.53

+− 95.2/3.0/0.9/0.80 95.2/3.2/0.8/0.90 95.4/3.1/1.0/0.40 95.7/3.0/0.8/0.50

−+ 95.4/3.0/1.0/0.53 95.4/3.0/0.8/0.77 95.0/3.1/1.2/0.67 95.3/3.0/0.9/0.73

−− 93.7/3.2/2.2/0.97 95.3/3.1/0.8/0.90 94.6/3.1/1.6/0.70 95.3/3.1/0.9/0.70

Zone–3

++ 95.8/3.2/0.7/0.27 95.4/2.9/1.1/0.60 95.8/3.2/0.7/0.33 95.7/3.3/0.6/0.37

+− 95.5/3.3/0.7/0.47 95.4/2.8/0.9/0.90 95.7/3.2/0.8/0.27 96.0/3.3/0.4/0.30

−+ 95.8/3.3/0.6/0.33 95.5/2.8/0.8/0.93 95.7/3.3/0.6/0.40 95.5/3.4/0.6/0.50

−− 94.1/3.4/2.0/0.47 95.6/2.8/1.0/0.67 94.7/3.3/1.5/0.47 95.5/3.4/0.5/0.53

Zone–4

++ 95.9/3.2/0.6/0.20 95.6/3.6/0.4/0.37 95.7/3.4/0.6/0.27 95.7/3.5/0.6/0.20

+− 95.4/3.6/0.6/0.37 95.5/3.5/0.6/0.43 95.6/3.5/0.7/0.17 95.9/3.5/0.4/0.17

−+ 95.6/3.5/0.7/0.17 95.4/3.6/0.6/0.43 95.7/3.3/0.7/0.33 95.6/3.4/0.7/0.30

−− 94.5/3.5/1.6/0.40 95.6/3.4/0.7/0.37 94.9/3.5/1.2/0.37 95.4/3.7/0.5/0.37

b)

36

1.2 σ (0.4 deg/s) 2.5 σ (5 deg/s) 0.9 σ

(0.3 deg/s) 3 σ (6 deg/s) 63
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34 Zone ( - + %)

Zone–1

96.3 / 96.1 96.1 / 96.3 96.2 / 95.1 96.2 / 96.2 96.1 / 95.8

3.0 / 3.2 3.4 / 3.1 3.2 / 3.2 3.2 / 3.4 3.3 / 3.4

0.4 / 0.4 0.3 / 0.3 0.4 / 1.4 0.3 / 0.5 0.3 / 0.4

0.20 / 0.27 0.27 / 0.23 0.27 / 0.27 0.33 / 0.27 0.23 / 0.37

Zone–3

95.3 / 95.3 95.6 / 95.4 95.3 / 95.2 95.4 / 95.5 95.4 / 95.3

3.0 / 3.1 3.0 / 3.2 3.2 / 3.2 2.9 / 2.9 3.1 / 3.1

1.1 / 1.0 0.9 / 0.8 0.9 / 0.9 1.1 / 0.9 0.8 / 0.7

0.53 / 0.57 0.43 / 0.60 0.63 / 0.73 0.57 / 0.67 0.67 / 0.90

Zone–4

95.7 / 95.7 95.8 / 95.6 95.7 / 95.6 95.7 / 95.8 95.5 / 95.6

3.4 / 3.5 3.5 / 3.6 3.5 / 3.5 3.4 / 3.5 3.6 / 3.4

0.7 / 0.6 0.5 / 0.5 0.4 / 0.6 0.6 / 0.4 0.5 / 0.5

0.27 / 0.23 0.20 / 0.30 0.33 / 0.37 0.30 / 0.27 0.37 / 0.53

7.3

a)

b)

c)

d)

35 ++

/ 4

1% a) c) d)

b)

1/3

0.5 deg/s 0.1 deg
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36 (4 %)

1.2σ −1.2σ 0.9σ −0.9σ

2.5σ / −2.5σ 3.0σ / −3.0σ

Zone–1
+ 96.1/3.3/0.3/0.23 95.9/3.1/0.6/0.37 96.0/3.4/0.4/0.23 95.8/3.3/0.5/0.37

− 95.8/3.3/0.5/0.43 96.2/3.1/0.3/0.33 96.0/3.2/0.3/0.43 96.0/3.2/0.5/0.30

Zone–2
+ 95.5/3.2/0.7/0.50 95.1/3.2/0.8/0.90 95.5/3.2/0.8/0.47 95.3/3.2/0.8/0.73

− 95.3/3.0/0.9/0.87 95.6/2.9/0.8/0.67 95.2/3.1/0.9/0.83 95.6/3.0/0.8/0.57

Zone–3
+ 95.7/2.8/0.9/0.53 95.6/2.7/0.8/0.90 95.9/2.7/0.9/0.53 95.5/2.8/0.9/0.73

− 95.4/2.7/0.9/0.97 95.6/2.9/0.9/0.60 95.8/2.7/0.9/0.63 95.8/2.8/0.8/0.50

Zone–4
+ 95.7/3.5/0.5/0.33 95.6/3.4/0.6/0.37 95.7/3.5/0.6/0.27 95.7/3.5/0.5/0.37

− 95.5/3.5/0.7/0.40 95.7/3.5/0.6/0.20 95.5/3.6/0.6/0.33 95.8/3.4/0.6/0.20
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36 (4 %)

1.2σ −1.2σ 0.9σ −0.9σ

2.5σ / −2.5σ 3.0σ / −3.0σ

Zone–1
+ 96.1/3.3/0.3/0.23 95.9/3.1/0.6/0.37 96.0/3.4/0.4/0.23 95.8/3.3/0.5/0.37

− 95.8/3.3/0.5/0.43 96.2/3.1/0.3/0.33 96.0/3.2/0.3/0.43 96.0/3.2/0.5/0.30

Zone–2
+ 95.5/3.2/0.7/0.50 95.1/3.2/0.8/0.90 95.5/3.2/0.8/0.47 95.3/3.2/0.8/0.73

− 95.3/3.0/0.9/0.87 95.6/2.9/0.8/0.67 95.2/3.1/0.9/0.83 95.6/3.0/0.8/0.57

Zone–3
+ 95.7/2.8/0.9/0.53 95.6/2.7/0.8/0.90 95.9/2.7/0.9/0.53 95.5/2.8/0.9/0.73

− 95.4/2.7/0.9/0.97 95.6/2.9/0.9/0.60 95.8/2.7/0.9/0.63 95.8/2.8/0.8/0.50

Zone–4
+ 95.7/3.5/0.5/0.33 95.6/3.4/0.6/0.37 95.7/3.5/0.6/0.27 95.7/3.5/0.5/0.37

− 95.5/3.5/0.7/0.40 95.7/3.5/0.6/0.20 95.5/3.6/0.6/0.33 95.8/3.4/0.6/0.20
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8.1

13 Zone Zone

64 Zone 4 6 8 11 2 km Zone 5 7 10 13 3 km

Zone 2 3 Zone 4 (OFP)

31 km

Zone MCS

(Zone 1) MCS Zone2,3 3 000 Zone

1 000 MCS 64 MCS

 

64

8.1.1 Zone

Zone 2

11 7 3 β ±10 deg

( 13.45 deg 2 11 deg ) 1 ( )

0.23% Zone

Zone 3

11 5 5 β ±10 deg

( 11.45 deg) 1 (15.19 deg) 0.17%

Zone

Zone 4

4

Zone 5, 6
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36 (4 %)

1.2σ −1.2σ 0.9σ −0.9σ

2.5σ / −2.5σ 3.0σ / −3.0σ

Zone–1
+ 96.1/3.3/0.3/0.23 95.9/3.1/0.6/0.37 96.0/3.4/0.4/0.23 95.8/3.3/0.5/0.37

− 95.8/3.3/0.5/0.43 96.2/3.1/0.3/0.33 96.0/3.2/0.3/0.43 96.0/3.2/0.5/0.30

Zone–2
+ 95.5/3.2/0.7/0.50 95.1/3.2/0.8/0.90 95.5/3.2/0.8/0.47 95.3/3.2/0.8/0.73

− 95.3/3.0/0.9/0.87 95.6/2.9/0.8/0.67 95.2/3.1/0.9/0.83 95.6/3.0/0.8/0.57

Zone–3
+ 95.7/2.8/0.9/0.53 95.6/2.7/0.8/0.90 95.9/2.7/0.9/0.53 95.5/2.8/0.9/0.73

− 95.4/2.7/0.9/0.97 95.6/2.9/0.9/0.60 95.8/2.7/0.9/0.63 95.8/2.8/0.8/0.50

Zone–4
+ 95.7/3.5/0.5/0.33 95.6/3.4/0.6/0.37 95.7/3.5/0.6/0.27 95.7/3.5/0.5/0.37

− 95.5/3.5/0.7/0.40 95.7/3.5/0.6/0.20 95.5/3.6/0.6/0.33 95.8/3.4/0.6/0.20
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III

III

9

Zone B

9.1

37 BMS

Zone B

0deg

( 38 )

a)

b) 1

a

b

c) 2

a

b

c

d)

a

b

c

3
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38 ( 3 deg )

( ) [km]

1 (+3, -3, +5) 11.1 3.9

2

1

(+3, -3, 0) 11.3 -

3 (+3, 0, +5) 11.2 3.9

4 (0, -3, +5) 11.1 5.5

5 (+3, -3, -5) 10.7 8.3

6 (+3, +3, +5) 10.8 3.9

7 (-3, -3, +5) 10.8 5.4

8

2

(+3, 0, 0) 11.3 -

9 (0, -3, 0) -1.6 * -

10 (0, 0, +5) 10.8 6.2

11 (+3, +3, -5) 10.9 3.9

12 (-3, -3, -5) 10.8 5.4

13 (-3, +3, +5) 10.7 8.3

14 (+3, 0, -5) 10.8 6.1

15 (0, -3, -5) 10.5 6.9

16 (0, +3, +5) 10.8 6.1

17 (+3, +3, 0) 3.7 ** -

18 (-3, -3, 0) 12.6 *** 11.2

19 (-3, 0, +5) 10.5 6.9

20
(+3, +3, 0)

11.1 -

→ (-3, +3, 0)

21
(-3, -3, 0)

11.5 -

→ (-3, +3, 0)

22
(0, 0, 5)

10.8 6.2

→ (0, 0, -5)

* :

** : -90o

*** :
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こうすることにより，単純に計算

量を半減することが出来る．

1.0 Gだった場合，
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10.2.3

2

a)

b)

40 A

B Nzc

−2.2G −2.1G

( 68 )

GPS

40 GPS

Nzc[G] [m] Nzc[G] [m]

A -2.1 10 862.8 -2.1 10 862.8

B -2.2 11 087.5 -2.1 11 200.8

表 1 GPS 位置とびに対する機能検証試験結果 
確認

対象 
位置とびなし 位置とびあり フィジカル

ケース 
結果 

Nzc G_HF4(m) Nzc G_HF4(m) 
A -2.1 10862.8 -2.1 10862.8 1-1 両ケース一致 
B -2.2 11087.5 -2.1 11200.8 1-2 両ケース成功 
 

 
図 1 舵角コマンド比較（ケース 1-1）  図 2 舵角コマンド比較（ケース 1-2） 

 

 
図 3 h-M 比較（ケース 1-2） 
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43

No. (m) (m)

(m/s) (deg)

1 400 -40 +123/-153 ±130

2 250 -40 +110/-148 ±109

3 250 -30 +145/-206 ±133

4 400 -10 +502/-483 ±344

1 -  
 m/s   

1 400 -40 
2 250 -40 
3 250 -30 
4 400 -10 

 
2  

 m  m  
1 +123/-153 130 
2 +110/-148 109 
3 +145/-206 133 
4 +502/-483 344 

 
 
 
 
  

 

483m 502m 

3  

344m
 

71

13 ADS

13.1

ADS

JAXA OFP

13.2

(FLCC)

FLCC 1

72 ( )

OFP ( ) 1

Mm =

{
0.95 0.95 < Mm < 1.05

Mm otherwise
(5)

Mm OFP 73

(MCS) 44 *3

0.5%

14
D–SEND#2

*3 5
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Appendix

A
45 . 15)

45 Error models

m 1

Ixx, Iyy, Izz, Ixz 4

Xcg, Ycg, Zcg 3

CL, CD, Cm 3

CY , Cl, Cn 3

CLδe, CDδe, Cmδe 3

CLδa, Cmδa,
5

CY δa, Clδa, Cnδa

CY δr, Clδr, Cnδr 3

CLα, Cmα,
7

CY β , Clβ , Cnβ

Cmq, Clp, Cnp,
5

Clr, Cnr

Chs, Chr 2

EGIa
X,Y, Z, u, v, w

18ϕ, θ, ψ, p, q, r

install position, angle

ADS Mach, α, β,Q 19

Az Az 9

X,Y, Z, u, v, w
10

/

ϕ, θ, ψ, p, q, r

ϕhang, θhang, ψhang 3

b σp, σT 2

b σwind 1

a Embedded GPS INS

b Pressure altitude and temperature for 17 layers

c Horizontal wind for 17 layers
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誤差モデル

17 層の気圧高度と大気温度のモデル

17 層の水平風のモデル
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ṗ

ṙ
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ṙ



= Alat




v

ϕ

ψ

p

r



+Blat

[
δa

δr

]
(8)

1




v̇

ϕ̇

ṗ
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50 β

Case 13
Clβ CG Y∗ EGI Ay p0 EGI p Cnβ Ixz dCnsa

3.000 0.983 -2.52 2.431 1.830 1.555 1.500 1.298

Case 26
Clβ EGI Ay r0 Vy0 dClsa Clp

3.000 -1.852 1.767 1.748 -1.202 1.184

Case 29
Clβ r0 Cl0 Ixx EGI r

3.000 2.481 -1.883 1.631 1.573

Case 33
Clβ CG Y∗ p0 EGI p Clr EGI Ay

3.000 0.061 -1.513 1.348 1.307 1.238

Case 39
Clβ r0 dCnr Ixx dCnsa Clp Clr

3.000 -2.844 2.336 -2.068 -1.836 1.338 -1.333

Case 49
Clβ CG Y∗ Cn0 r0 dClsa EGI Ay

3.000 0.132 -2.241 -1.921 -1.826 1.344

Case 50
Clβ Vy0 Cn0 Cnβ r0 EGI p

3.000 -1.742 -1.500 -1.483 -1.366 1.189

Case 166
Cnβ CG Y∗ Clβ r0 dCnsa dCnr

-3.000 0.885 2.6 2.342 -1.882 -1.096

* [0,1] 0.5

D.4

Clβ +3σ β

β

Clβ +3σ 0.14% 7% 0.01%

Cnβ− 100 MCS

E
MCS
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F
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