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NBU GEN-HEL ®Bi% (55 2#R)

1# NBU Gen-Hel 20250614
2 # programmed by Fuka Oshiro 2025.6. 14
3

4 import numpy as np

5 from scipy. integrate import odeint
6 from scipy import interpolate

7 import datetime

8 import time

10 def model (omg, r_cg, e): # define model
12 m=72.5 #kg

13

14 M = np.array([[m * r_cg*x2, 0],

15 [0, m* r_cgx*2]1)

16

17 D = np.array([[0.05 * (2 *x m * r_cg * omg * np.sqart(r_cg * e)), 0],

18 [ 0, 01D

19

20 K = np.array([[m * e * r_cg * omg**2, 01,

21 [0, m* r_cg * (e + r_cg) * omg*x2]])

22

23 return M, D, K

24

25 def f(var, t, M, D, K, omg, r_a, e, Vc, Vs, j, thO, Als, Bls, S, rho, aero): # harmonic oscillator
26

27 psi =omg * t + np.pi *x j /2

28

29 th = th0 - Als * np.cos(psi) - Bls * np.sin(psi) #rad

30

31 ut = ((e +r_a) *omg + r_a * var[2]) + ( Vc * np.sin(psi) + var[0] * Vc * np.cos(psi))

32 ur = - (( e * omg * var[0]) + (-Vc * np.cos(psi) + var[0] * Vc * np.sin(psi)) - Vs * var[1])
33 up = ( -r_a * var[3]) + ( - var[1] x Ve * np.cos (psi) + Vs)
34

35 u2tr = utsut + ursur

36 u2trp = utkut + urkur + upkup

37 utr = np. sart (u2tr)
38 utrp = np.sart (u2trp)

40 al = np.arctan((ut * np.tan(th) + up) / (utr - up * ut * np. tan(th) / utr)) #rad

42 if aero ==1:

43 al_deg = al * 180 / np.pi #deg

44 if al_deg >= -32 and al_deg <= 32:

45 ¢l = fitted_curve_cl (al_deg)

46 cd = fitted_curve_cd(al_deg)

47 else :

48 cl = fitted_curve_cl_HighAngle(al_deg)
49 cd = fitted_curve_cd_HighAngle (al_deg)
50 else

51 cl =5.39 * al

52 cd = 0.01

53

54 # JL— FHEREZERN S T L— FEEEZERICER
55 WtoB = np.array([[ ut * utr, ur * utrp, - ut * up],

56 [- ur * utr, ut * utrp, ur * upl,
57 [ up * utr, 0, u2trl]
58 / (utrp * utr))

59

60 # (T L— FEZER)

61 lift = 0.5 * rho * u2trp * S * ¢l

62 drag = 0.5 * rho * u2trp * S * cd

63 Fw = np. array([-drag, 0, -lift])
% 5A

66 Fb = WtoB @ Fw

68 x = var[0:int(len(var) / 2)]
69 v = varlint(len(var) / 2):

I Mb = r_a * np.array ([Fb[0], -Fb[2]1])

13 # BEITHDHITH
74 M_inv = np. linalg. inv (M)

76 # EFAHERX
i a=- (Minv @K @x - (M_inv @D) @ v+ (M_inv @ Mb)

78

79 output = np. concatenate ([v, a])
80

81 return output

82

83 def f2(var, t, omg, r_a, e, V¢, Vs, j, thO, Als, Bls, S, rho, aero): # harmonic oscillator
(84~1251TI&. 26~674TL R L)
126 # JL— FEAEEZFERNSNT T L— Fqlfsﬁr*“%( i

127 BtoHB = np. array ([[1, 0],
128 [0, np. cos(var[l]) np. sin(var[11)],
129 [0, -np.sin(var[1]), np.cos(var[1])1])
130

131 Fhb = BtoHB @ Fb

132

133 # NTTL— FhEEERN 5N\ T EGEEZERICER

134 HBtoHR = np.array (L[ np. cos (var [0]), np.sin(var[0]), 0],

135 [-np. sin(var[0]), np.cos(var[0]), 0],
[ 0, 0, 111

138 # IL—FIEHEYDERH (N\TEEREER)
139 # FLYADFETES
140 Fhr = HBtoHR @ Fhb

#
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if

o,

__hame__ == _main__

Kk JBAE

# NI EEREZRD 5/ D EEEGEZERICER

HRtoHF = np. array ([[np. sin(psi), -np.cos(psi), 0],
[np.cos (psi), np.sin(psi), 0],
[ 0 , 0 . 11D

# IL— RIS YOERA WNTIEEZEFRER)
Fhf = HRtoHF @ Fhr

return Fw, Fb, Fhb, Fhr, Fhf
Beta_Coef () :

row = 12772

rowl = row + count

X1 = X[row:rowl, :1 # [1, cos(psi), sin(psi)]
y = var[row:rowl, 1] # jIOBEIAHARSA R

#BetaCoef = [const, betal_c, betal_s]
BetaCoef0 = np. linalg. pinv(X1.T @ X1) @ X1.T @ y
BetaCoef0 = BetaCoef0. reshape (1, 3

row = 12832

rowl = row + count

X1 = X[row:rowl, :]1 # [1, cos(psi), sin(psi)]
y = var[row:rowl, 1] # [IOBZIFAHRAFAR

#BetaCoef = [const, betal_c, betal_s]
BetaCoefl = np. linalg.pinv(X1.T @ X1) @ X1.T @ y
BetaCoef1 = BetaCoef1. reshape (1, 3)

d_BetaCoef = abs ((BetaCoefl — BetaCoef0) * 180 / np.pi) # deg

if np.any (d_BetaGoef > 0.1): # deg UXZR¥ITE
print (BetaAIRER L TLWEEA')
# else:
# print (' d_BetaGoef '+str (itr)+str (d_BetaCoef))
return BetaCoef1
LR AR

#cl, cd#ifd

il

alpha = [-32,-30,-28,-26, -24,-22,-20, -18,-16,-14,-12,-10,-8, -6, -4,-2,0,2, 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32]

cl_m3 = [-0.9675, -1.0, -0.996, —0.992, -0.988, -0.984,
0.03,0.243,0.46,0.67,0.89,1.1,1.25,1.1,0.98,0.9828, 0. 9856, 0. 9884, 0. 9912, 0. 994, 0. 997, 1, 0. 9675]
cl_m4 = [-0.9675, -1, -0. 955, -0. 96, -0. 962, -0. 964, -0. 966, -0. 968, -0. 97, -0. 82, -0. 535, -0. 24, -0. 3, -0. 45, -0. 42, -0. 185,

0.05,0.28,0.51,0.75,0.98,1.17,1.13,1.03,0. 96, 0. 9657, 0. 9714, 0. 9771, 0. 9828, 0. 9885, 0. 9942, 1, 0. 9675]
cl_mb = [-0.9675,-1,-0.94,-0.93,-0. 92, -0. 925, -0. 93, -0. 935, -0. 94, -0. 8, -0. 525,

-0.98, -0.976,

-0.97

2,

-0. 4, -0.

3,-0.32

0.295,0.53,0.78,0.96,1.01,0.96,1.08,1.06,1.07,1.06, 1.05, 1.035,1.02, 1.01, 1, 0. 9675]
cl_m6 = [-0.9675, -1, -0. 946, -0. 942, -0. 938, -0. 934, -0. 93, -0. 926, -0. 922, -0. 805, -0. 66, -0. 6, 0. 55, -0. 52, -0. 47, -0. 195, 0. 075,
0.34,0.6130.84,0.915,0.947, 1,1, 054, 1.08, 1. 063, 1. 053, 1. 042, 1.031,1.02, 1. 01, 1. 0. 9675]

cd_m3 = [0.6975,0.63, 0.562, 0.488,0.417, 0. 34,0.267,0.195,0. 12, 0.045,0.018,0. 012, 0. 0082, 0. 0079, 0. 0075, 0. 0075, 0. 0075,
0.008, 0. 0085, 0.009, 0.011,0.017, 0. 026, 0. 145, 0. 23, 0. 293, 0. 345, 0. 4, 0. 455, 0. 507, 0. 56, 0. 63, 0. 6975 ]
cd_m4 = [0.6975,0.63,0.57,0.51,0.448,0.39, 0. 33, 0. 265, 0. 208, 0. 161, 0. 022, 0. 013, 0. 009, 0. 0085, 0. 008, 0. 008, 0. 008,
0. 0082, 0.0085,0.011,0.014, 0. 02, 0. 098, 0. 169, 0. 23, 0. 293, 0. 345, 0. 4, 0. 455, 0. 507, 0. 56, 0. 63, 0. 6975 ]
cd_m5 = [0.6975, 0. 63, 0. 564, 0. 51, 0. 465, 0. 408, 0. 353, 0. 296, 0. 24, 0. 183, 0. 12, 0. 067, 0. 021, 0. 01, 0. 008, 0. 0075, 0. 0075,

0.0075,0.008, 0. 011, 0. 026, 0. 08, 0. 153, 0. 212, 0. 262, 0. 315, 0. 365, 0. 416, 0. 469, 0. 52, 0. 569, 0. 63, 0. 6975 ]

,—0.44,-0.195,0. 05,

cd_m6 = [0.6975,0.63,0.578, 0.525, 0.469, 0. 415, 0. 361, 0. 323, 0. 285, 0. 246, 0. 191, 0. 128, 0. 07, 0. 026, 0. 0125, 0. 0085, 0. 008,
0.0085,0.011,0.028,0.073,0.122,0.179, 0. 231, 0. 283, 0. 328, 0. 358, 0. 412, 0. 467, 0. 521, 0. 576, 0. 63, 0. 6975 ]

fitted_curve_cl = interpolate. interpld(alpha, cl_m4)
fitted_curve_cd = interpolate. interpld(alpha, cd_m4)

alpha_high = [ -50, -48, -46, -44, -42, -40, -38, -36,
-10, -6 0 2, 4

-8, -4, -2

30, 32 34, 36 38 40 42, 44

-34, =82, -30,

6, 8 10,

46, 48, 50]

cl_HighAngle = [-0.675, -0.7075, -0.74, -0.7725, -0.805,

-0.998, -0.984, -0.98, -0.976, -0.972

0.243, 0.46, 0.67, 0.89, 1.1, 1.25,

fitted_curve_cl_HighAngle

, -l

1.1,

-0.8375, 0.8
07, -0.724,

-28, -2
12, 1

7, -0.9
-0.37,

6, -24,
4, 16,

-22, -
18,

025, -0.935, -

-0.19,

-0. 39

20, -18, -16,
20, 22, 24,
0.9675, -1.0,
, —0.45, -0.19,

0.98, 0.9828, 0.9856, 0.9884, 0.9912, 0.994,
0.997, 1.0, 0.9675, 0.935 0.9025 0.87, 0.8375 0.805, 0.7725 0.74, 0.7075, 0.675]

cd_HighAngle = [1.335, 1.2625, 1.19, 1.1175, 1.045, 0.9725 0.9, 0.8325 0.765 0.6975 0.63, 0.562, 0.488,
0.417, 0.34, 0.267, 0.195, 0.12, 0.045 0.018, 0.012, 0.008, 0.00775, 0.0075, 0.0075, 0.0075,
0.008, 0.085, .009, .011, 0.017, 0.025, 0.145, 0.23, 0.293, 0.345 0.4, 0.455 0.507,

0.56, 0.63, 0.6975 0.765, 0.8325, 0.9, 0.9725, 1.045,

1.1175,

interpolate. interpld(alpha_high, cl_HighAngle)

fitted_curve_cd_HighAngle = interpolate. interpld(alpha_high, cd_HighAngle)

trim = 1 # =0(input Als, Bls), =1(calculate Als, Bls to make al=b1=0)

0 # =0(linear), =1(table)
omg = 27 #rad/s

aero

1. 225 #kg/m 3
alh = -5.2 * np.pi / 180 ffrad
. 65

0.25
Ve = mu * 340 * NMT #m/s
Vs = Vo * np. tan(alh)

th0 = 8 * np.pi / 180 ffrad
#A1si, Blsi ¥ #A1E

1.19,

1.2625,

1.335]

-14, -
26,

12,
28,

-0. 996,
0.03,

-0.9!

F15R(9) K
18R (9) XD
1R (9 XD

-1.07,-0.724,-0. 37, -0. 19, -0. 39, -0. 45, 0. 19,
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271
278
2179
280
281
282
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NBU GEN-HEL ®Bi% (55 2#R)

p.pi / 180 #rad
p.pi / 180 #rad

odel (omg, r_cg, e)

# FRATERR

count = 60 HIFHMTLICHETHT—2OH
dt = 2 * np.pi / omg / count

t_max = 50

t = np.arange (0.0, t_max, dt)

ts = t.reshape (int(t_max / dt + 1), 1)

x1 = np. cos (omg * ts)

X2 = np.sin(omg * ts)

ones = np.ones (len(x1))

ones = ones. reshape (len(x1), 1)

X = np. concatenate ([ones, x1, x2], 1)

# RN
x0 = [0.001, 0.001]
vo=1[ 0.0 0.0]

date = datetime. datetime. now(). strftime (" %mbd’)

filename = date+' _alh="+str (round (alh*180/np.pi, 1))+ _thO="+str (round (th0*180/np. pi,

d=0.1%np.pi / 180 #rad

ji=0
itr =0

1)

print (' #EME:Als="+str (round (Alsi * 180 / np.pi, 2))+ Bls="+str(round(Blsi * 180 / np.pi, 2)))

#oal_i, bl_i

Als = Alsi

Bls = Blsi

var = np. concatenate ([x0, vO0])

var = odeint (f, var, t, args=(M, D, K, omg, r_a, e Ve, Vs, j, thO, Als, Bls, S,

BetaCoef = Beta_Coef ()

al_i = BetaCoef[0, 1]

b1_i = BetaCoef[0, 2]

abi = np.array([al_i, b1_i])

while np.any (abs(abi) > 0.0005) and trim ==
# al_Bj, b1_Bj
Als 1si

Bls = Bisi +d

var = np. concatenate ([x0, v0])

var = odeint (f, var, t, args=(M, D, K, omg, r_a, e, Ve, Vs, j, thO, Als, Bls,
BetaCoef = Beta_Coef ()

al_Bj = BetaCoef[0, 1]

b1_Bj = BetaCoef [0, 2]

time. sleep(0.1)

# al_Aj, bl_Aj

Als = Alsi + d

Bls = Bisi

var = np. concatenate ([x0, v0])

var = odeint (f, var, t, args=(M, D, K, omg, r_a, e, Vc, Vs, j, thO, Als, Bls,
BetaCoef = Beta_Coef ()

al_Aj = BetaCoef[0, 1]

b1_Aj = BetaCoef [0, 2]

time. sleep (0. 1)

#al_j, bl_j

Als = Alsi +d

Bls = Bisi +d

var = np. concatenate ([x0, v0])

var = odeint(f, var, t, args=(M, D, K omg, r_a e Ve, Vs, j, th0, Als, Bls,
BetaCoef = Beta_Coef ()

al_j = BetaCoef[0, 1]

b1_j = BetaCoef [0, 2]

time. sleep(0.1)

P = np.array([[(al_Bj - al_i) / d, (al_Aj - al_i) / d],
[(b1_Bj = bl_i) /d, (b1_Aj - bl_i) /dl])

P_inv = np. linalg. inv(P)
dABi = - P_inv @ abi

# BEH
Blsi = Blsi + 0.3 * dABi[0]
Alsi = Alsi + 0.3 * dABi[1]

# al_i, bi_i
Als = Alsi
Bls = Bisi

var = np. concatenate ([x0, v0])

var = odeint (f, var, t, args=(M, D, K, omg, r_a, e, Ve, Vs, j, thO, Als, Bls,
BetaCoef = Beta_Coef ()

al_i = BetaCoef[0, 1]

b1_i = BetaCoef [0, 2]

abi = np.array([al_i, b1_il)

time. sleep (0. 1)

albl = np.array([[al_j, b1_jl])
itr = itr +1
print('while itr ="+str(itr)," Als="+str (round (A1si*180/np.pi,3)),
" Bls="+str (round (B1si*180/np.pi, 3)), ' al,bl: "+str (abi*180/np.pi))

rho, aero))

S,

S,

S,

S,

rho, aero))

rho, aero))

rho, aero))

rho, aero))
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Kk JBAE

AlsB1s = np.array ([[Alsi, Blsill)

albl = np.array([[al_i, bl il])

np. savetxt (filename+ _A1sBls. txt', A1sBls)
np. savetxt (filename+ _albl. txt", albl)
time.sleep(0.1)

for j in [0, 1, 2, 3]:
Als = Alsi
Bis = Bisi

np. concatenate ([x0, v0])

# WMo AR OB GBIEGE)

var =

il

var = odeint (f, var, t, args=(M, D, K, omg, r_a, e, Ve, Vs, j, thO, Als, Bls, S, rho, aero))
Fw_list = []
Fb_list = []
Fhb_list = []
Fhr_list = []
Fhf_list = []
# var&Jticvar2&5E
for i in np.arange(0, len(var)):
Fw, Fb, Fhb, Fhr, Fhf = f2(var[i], t[i], omg, r_a, e, Vc, Vs, j, thO, Als, Bls, S, rho, aero)

Fw_list. append (Fw)
Fb_list. append (Fb)
Fhb_list. append (Fhb)
Fhr_list. append (Fhr)
Fhf_list. append (Fhf)

var_j = np.array (var)

j = np.array (Fw_list)

np. array (Fb_list)

np. array (Fhb_list)
_j = np.array (Fhr_list)

Fhf_j = np.array (Fhf_list)

5 % r_rotor* Fhr_j[:, 0] #
p. array ([Q])

0.
; _j. reshape (int (len(Fhr_list)), 1)

o5

if j==0 #isl0oLENOT—2%R"E
BetaCoef_j1 = Beta_Coef ()
np. savetxt (filename+ _BetaCoef. txt", BetaCoef_j1)

var_all = var_j
Fw_all = Fw_j
Fb_all = Fb_j
Fhb_all = Fhb_j
Fhr_all = Fhr_j
Fhf_all = Fhf_j
Qj_all =0_j
Qall =0Q_j
else:
var_all = np. hstack ((var_all, var_j))

Fw_all = np. hstack ((Fw_all, Fw_j))
Fb_all = np. hstack ((Fb_all, Fb_j))

Fhb_all = np. hstack ((Fhb_all, Fhb_j))
Fhr_all = np. hstack ((Fhr_all, Fhr_j))
Fhf_all = np. hstack ((Fhf_all, Ehf?j))

Qj_all = np.hstack ((Qj_all, Q_j))
Qall +=0Q_j #0Q.all =+0Q_j 2025/06/16 nakayama

# JL—FIRTEDHEHZER

# np. savetxt (date+' _angle_j. txt’, np.concatenate([ts, var_all], 1)) #
# np. savetxt (date+' _Fw_j. txt", np.concatenate([ts, Fw_all], 1)) #
# np. savetxt (date+' _Fb_j. txt", np.concatenate([ts, Fb_all]l, 1)) #
# np. savetxt (date+' _Fhb_j. txt', np.concatenate([ts, Fhb_all], 1)) #
# np. savetxt (date+' _Fhr_j. txt’, np.concatenate([ts, Fhr_all], 1)) #
# np. savetxt (date+ _Fhf_j. txt', np.concatenate([ts, Fhf_all]l, 1)) #
# np. savetxt (date+' _Q_j. txt', np.concatenate([ts, Qj_all]l, 1)) #

# 4D TL—FDFx, Fy, F22ZhThEHLTA—2—DETRHERDSD

Fx_h = Fhf_all[:, 0] + Fhf_all[:, 3] + Fhf_all[:, 6] + Fhf_all[:, 9]
Fy_h = Fhf_all[:, 1] + Fhf_all[:, 4] + Fhf_all[:, 7] + Fhf_all[:, 10]
Fz_h = Fhf_all[:, 2] + Fhf_all[:, 6] + Fhf_all[:, 8] + Fhf_all[:, 11]
Fx = Fx_h#*np. cos (alh)+Fz_h*np.sin(alh)

Fy = Fy_h

Fz = Fx_h*-np. sin(alh)+Fz_h*np. cos (alh)

Fx = Fx.reshape(len(Fhf_all), 1)

Fy = Fy.reshape(len(Fhf_all), 1)

Fz = Fz.reshape(len(Fhf_all), 1)
F_all = np.concatenate ([Fx, Fy, Fz], 1)

angle_j1 = np.array(var_al[:, 0:2]) #ilo[<&, B] [0:2]
angle_j2 = np.array(var_all[:, 4:6]) #2000, B [4:6]
angle_j3 = np.array(var_all[:, 8:10]) #j3m[&, B1 [8:10]
angle_j4 = np.array(var_all[:, 12:14]) #j4d([¢&, B [12:14]
angle_all = np. hstack ((angle_j1, angle_j2, angle_j3, angle_j4))

np. savetxt (filename+ _angle. txt', np.concatenate([angle_all], 1)
np. savetxt (filename+ _Fw.txt', np.concatenate([Fw_all]l, 1))
np. savetxt (filename+ _Fb.txt', np.concatenate([Fb_all], 1))
np. savetxt (filename+ _Fhb. txt", np.concatenate ([Fhb_all], 1)
np. savetxt (filename+ _Fhr. txt', np.concatenate([Fhr_all], 1)
np. savetxt (filename+ _Fhf. txt', np.concatenate([Fhf_all], 1)
np. savetxt (filename+ _F.txt’, np.concatenate([F_all], 1))
np. savetxt (filename+ _Q.txt’, np.concatenate([Q_all]l, 1))

)
)
)

S R R

Q = 0.5 % r_rotor**2 * Fhr_j[:, 0]

# [i1¢&, 1B, Q2¢,
[Fwx, Fwy, Fwz] A BEER
[Fbx, Fby, Fbz]
[Fhbx, Fhby, Fhbz]
[Fhrx, Fhry, Fhrz]
[Fhfx, Fhfy, Fhfz]
[Fx, Fy, Fzl

(V)]

. i1¢,

. J1Fwx,
, J1Fbx,
. i1Fhbx,
., j1Fhrx,
., j1Fhfx,
., J10, j20, j3Q, j40]

2025/06/16 nakayama

B, & 1B, J2¢, 2B, j2¢
J1Fwy, j1Fwz, j2Fwx, j2Fwy, j2Fwz,
j1Fby, j1Fbz, j2Fbx, j2Fby, j2Fbz,
i1Fhby, j1Fhbz, j2Fhbx, j2Fhby, j:
J1Fhry, j1Fhrz, j2Fhrx, j2Fhry, j.
J1Fhfy, j1Fhfz, j2Fhfx, j2Fhfy, j:

é’ZB, J3&, 3B, jAL, 4B
JL— FEEEZER

NT T L— FHEEER

NT BIERERE R
AVEREER:SEE

BER

Ly

RI/FE1EH(G2) X





