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圖 6.1 非容錯控制設計，在所有致動器正常之下其追蹤性能之表現 
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圖 6.2 非容錯控制設計，在所有致動器正常之下其四個致動器之狀態 
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圖 6.3 非容錯控制設計，在所有致動器正常之下其飛彈之追蹤誤差 
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圖 6.4 非容錯控制設計，在所有致動器正常之下其飛彈之推力 
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圖 6.5 非容錯控制設計， 1δ 於 t=0.3 秒卡死其追蹤性能之表現 
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圖 6.6 非容錯控制設計， 1δ 於 t=0.3 秒卡死其致動器之狀態 
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圖 6.7  非容錯控制設計， 1δ 於 t=0.3 秒卡死其飛彈之追蹤誤差 
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圖 6.8  非容錯控制設計， 1δ 於 t=0.3 秒卡死其飛彈之推力 

 56



0 1 2 3 4 5 6 7

x 10
4

0

5000

10000

15000

9500

9600

9700

9800

9900

10000

10100

10200

10300

10400

X(ft)

Y(ft)

Z(
ft)

normal design
reference trajectory

 

圖 6.9  非容錯控制設計， 2δ 於 t=0.3 秒卡死其追蹤性能之表現 
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圖 6.10  非容錯控制設計， 2δ 於 t=0.3 秒卡死其致動器之狀態 
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圖 6.11 非容錯控制設計， 2δ 於 t=0.3 秒卡死其飛彈之追蹤誤差 
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圖 6.12  非容錯控制設計， 2δ 於 t=0.3 秒卡死其飛彈之推力 
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圖 6.13  非容錯控制設計， 3δ 於 t=0.3 秒卡死其追蹤性能之表現 
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圖 6.14  非容錯控制設計， 3δ 於 t=0.3 秒卡死其致動器之狀態 
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圖 6.15  非容錯控制設計， 3δ 於 t=0.3 秒卡死其飛彈之追蹤誤差 
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圖 6.16  非容錯控制設計， 3δ 於 t=0.3 秒卡死其飛彈之推力 
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圖 6.17  非容錯控制設計， 4δ 於 t=0.3 秒卡死其追蹤性能之表現 
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圖 6.18  非容錯控制設計， 4δ 於 t=0.3 秒卡死其致動器之狀態 
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圖 6.19  非容錯控制設計， 4δ 於 t=0.3 秒卡死其飛彈之追蹤誤差 
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圖 6.20  非容錯控制設計， 4δ 於 t=0.3 秒卡死其飛彈之推力 
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圖 6.21  所有致動器皆正常之下，針對 1δ 故障所設計之被動式控制器與非容錯控

制器其追蹤性能的表現 
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圖 6.22  所有致動器皆正常之下，針對 1δ 故障所設計之被動式控制器與非容錯控

制器其致動器的狀態 
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圖 6.23  所有致動器皆正常之下，針對 1δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之追蹤誤差 
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圖 6.24  所有致動器皆正常之下，針對 1δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之推力 
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圖 6.25  所有致動器皆正常之下，針對 2δ 故障所設計之被動式控制器與非容錯控

制器其追蹤性能之表現 
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圖 6.26  所有致動器皆正常之下，針對 2δ 故障所設計之被動式控制器與非容錯控

制器其致動器之狀態 
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圖 6.27  所有致動器皆正常之下，針對 2δ 故障所設計之被動式控制器與非容錯控

制器其飛彈追蹤之誤差 
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圖 6.28  所有致動器皆正常之下，針對 2δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之推力 
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圖 6.29  所有致動器皆正常之下，針對 3δ 故障所設計之被動式控制器與非容錯控

制器其追蹤性能之表現 
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圖 6.30  所有致動器皆正常之下，針對 3δ 故障所設計之被動式控制器與非容錯控

制器其所有致動器之狀態 
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圖 6.31  所有致動器皆正常之下，針對 3δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之追蹤誤差 
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圖 6.32  所有致動器皆正常之下，針對 3δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之推力 
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圖 6.33  所有致動器皆正常之下，針對 4δ 故障所設計之被動式控制器與非容錯控

制器其追蹤性能之表現 
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圖 6.34  所有致動器皆正常之下，針對 4δ 故障所設計之被動式控制器與非容錯控

制器其所有致動器之狀態 
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圖 6.35  所有致動器皆正常之下，針對 4δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之追蹤誤差 
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圖 6.36  所有致動器皆正常之下，針對 4δ 故障所設計之被動式控制器與非容錯控

制器其飛彈之推力 
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圖 6.37  針對 1δ 故障所設計之被動式容錯控制器，模擬 2δ 發生故障之追蹤性能

表現 
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圖 6.38  針對 1δ 故障所設計之被動式容錯控制器，模擬 2δ 發生故障之致動器狀
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圖 6.39  針對 1δ 故障所設計之被動式容錯控制器，模擬 2δ 發生故障之飛彈追蹤

誤差 
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圖 6.40  針對 1δ 故障所設計之被動式容錯控制器，模擬 2δ 發生故障之飛彈推力 
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圖 6.41  針對 1δ 故障所設計之被動式容錯控制器，模擬 3δ 發生故障之追蹤性能

表現 
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圖 6.42  針對 1δ 故障所設計之被動式容錯控制器，模擬 3δ 發生故障之致動器狀

態 

 73



0 2 4 6 8 10 12 14 16 18 20
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

time

N
or

m
 o

f t
ra

ck
in

g 
er

ro
r(f

t)

 

圖 6.43  針對 1δ 故障所設計之被動式容錯控制器，模擬 3δ 發生故障之飛彈追蹤

誤差 
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圖 6.44  針對 1δ 故障所設計之被動式容錯控制器，模擬 3δ 發生故障飛彈推力 
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圖 6.45  針對 1δ 故障所設計之被動式容錯控制器，模擬 4δ 發生故障之追蹤性能

表現 
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圖 6.46  針對 1δ 故障所設計之被動式容錯控制器，模擬 4δ 發生故障之致動器狀

態 
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圖 6.47  針對 1δ 故障所設計之被動式容錯控制器，模擬 4δ 發生故障之飛彈追蹤

誤差 
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圖 6.48  針對 1δ 故障所設計之被動式容錯控制器，模擬 4δ 發生故障之飛彈推力 
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圖 6.49  針對 1δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之追蹤性

能 
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圖 6.50  針對 1δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

致動器變化狀態 
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圖 6.51  針對 1δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計，飛彈之

追蹤誤差 
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圖 6.52  針對 1δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計，飛彈推

力曲線 
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圖 6.53  針對 1δ 於 0.3 秒時卡死時，錯誤偵測與診斷機制所提供之 residual signal

與 alarm signal 
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圖 6.54  針對 1δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計，致動器

在 0~2 秒之運作狀態 
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圖 6.55  針對 2δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之追蹤性

能 
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圖 6.56  針對 2δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

致動器變化狀態 
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圖 6.57  針對 2δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

飛彈追蹤誤差 
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圖 6.58  針對 2δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

飛彈推力曲線 
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圖 6.59  針對 2δ 於 0.3 秒時卡死時，錯誤偵測與診斷機制所提供之 residual signal

與 alarm signal 
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圖 6.60  針對 2δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計， 

致動器在 0~2 秒運作之狀態 
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圖 6.61  針對 3δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之追蹤性

能 
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圖 6.62  針對 3δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

致動器變化狀態 
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圖 6.63  針對 3δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之飛彈追

蹤誤差 
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圖 6.64  針對 3δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之飛彈推

力 
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圖 6.65  針對 3δ 於 0.3 秒時卡死時，錯誤偵測與診斷機制所提供之 residual signal

與 alarm signal 
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圖 6.66  針對 3δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計，致動器

於 0~2 秒運作之狀態 
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圖 6.67  針對 4δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之追蹤性

能 
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圖 6.68  針對 4δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

致動器變化狀態 
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圖 6.69  針對 4δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

飛彈追蹤誤差 
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圖 6.70  針對 4δ 於 0.3 秒時卡死時，非容錯、被動式與主動式容錯設計之 

飛彈推力 
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圖 6.71  針對 4δ 於 0.3 秒時卡死時，錯誤偵測與診斷機制所提供之 residual signal

與 alarm signal 

0 0.5 1 1.5 2
−10

−5

0

5

10

time

δ 1(d
eg

re
e)

0 0.5 1 1.5 2
−10

−5

0

5

10

time

δ 2(d
eg

re
e)

0 0.5 1 1.5 2
−10

−5

0

5

10

time

δ 3(d
eg

re
e)

0 0.5 1 1.5 2
−10

−5

0

5

10

time

δ 4(d
eg

re
e)

non−reliable design
passive design
active design

 

圖 6.72  針對 4δ 於 0.3 秒時卡死時，非容錯、被動式與主動式控制器，致動器於

0~2 秒運作之狀態 
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附錄 HAVE DASH II 飛彈系統模擬之 SIMNON 程式 
 

(1)傳統非容錯控制 

CONTINUOUS SYSTEM normal1 

normal control 

============================================================== 

HAVE DASH II MISSILE MODEL SIMULATION 

BY SLIDING MODE CONTROL 

OUTPOT~THETA~PSI~PHI~Vm  

=================symbol define================================ 

x1:P x2:Q x3:R x4:fi x5:thita x6:fine  x7:Vm x8:afa  x9:beta 

============================================================== 

STATE x1 x2 x3 x4 x5 x6  x8 x9 Vm X Y Z 

DER  dx1 dx2 dx3 dx4 dx5 dx6 dx8 dx9 dVm dX dY dZ 

TIME t 

============================================================== 

parameter set 

============================================================= 

pi:3.1415926 

pp=-xd*xcdot-yd*ycdot-zc*zcdot 

k1=IF pp>0 THEN 0.14 ELSE IF pp<0 THEN -0.14 ELSE 0 

k2=-0.0005 

k3=0.0005 

xd=x-xc 

dxd=dx-xcdot 

ddxd=ddx-xcddot 

yd=y-yc 

dyd=dy-ycdot 

ddyd=ddy-ycddot 

zd=z-zc 

dzd=dz-zcdot 

ddzd=ddz-zcddot 

 

dxx11=d7*cos(x8)*cos(x9)*cos(x4)*cos(x5) 

dxx12=-d4*Vm*cos(x8)*cos(x9)*sin(x4)*cos(x5) 

dxx13=-Vm*d5*cos(x8)*cos(x9)*cos(x4)*sin(x5) 

dxx1=dxx11+dxx12+dxx13 

dxx2=d7*s9*(c4*s5*s6-s4*c6) 

xxx1=-d4*s4*s5*s6+d5*c4*c5*s6+d6*c4*s5*c6-d4*c4*c6+d6*s4*s6 

xxxx1=-dx4*s4*s5*s6+dx5*c4*c5*s6+dx6*c4*s5*c6-dx4*c4*c6+dx6*s4*s6 

dxx3=Vm*s9*xxx1 

dxx4=d7*s8*c9*(c4*s5*c6+s4*s6) 

xxx2=-d4*s4*s5*c6+d5*c4*c5*c6-d6*c4*s5*s6+d4*c4*s6+dx6*s4*c6 

xxxx2=-dx4*s4*s5*c6+dx5*c4*c5*c6-dx6*c4*s5*s6+dx4*c4*s6+dx6*s4*c6 

dxx5=Vm*s8*c9*xxx2 

 

ddx=dxx1+dxx2+dxx3+dxx4+dxx5 

 

dyy1=d7*c8*c9*s4*c5+Vm*d4*c8*c9*c4*c5-d5*Vm*s4*s5*c8*c9 

dyy2=d7*s9*(s4*s5*s6+c4*c6) 

yyy1=d4*c4*s5*s6+d5*s4*c5*s6+d6*s4*s5*c6-d4*s4*c6-d6*c4*s6 

yyyy1=dx4*c4*s5*s6+dx5*s4*c5*s6+dx6*s4*s5*c6-dx4*s4*c6-dx6*c4*s6 

dyy3=Vm*s9*yyy1 

dyy4=d7*s8*c9*(s4*s5*c6-c4*s6) 

yyy2=d4*c4*s5*c6+d5*s4*c5*c6-d6*s4*s5*s6+d4*s4*s6-d6*c4*c6 

yyyy2=dx4*c4*s5*c6+dx5*s4*c5*c6-dx6*s4*s5*s6+dx4*s4*s6-dx6*c4*c6 

dyy5=Vm*s8*c9*yyy2 

 

ddy=dyy1+dyy2+dyy3+dyy4+dyy5 
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dz1=-d7*c8*c9*s5-d5*Vm*c8*c9*c5+d7*s9*c5*s6 

dz2=-d5*Vm*s9*s5*s6+d6*Vm*s9*c5*c6+d7*s8*c9*c5*c6 

dz3=-d5*Vm*s8*c9*s5*c6-d6*Vm*s8*c9*c5*s6 

 

ddz=dz1+dz2+dz3 

================================================================= 

Vmc=(xcdot*xcdot+ycdot*ycdot+zcdot*zcdot)^0.5+k1*ee 

Vmcdot=(xcdot*xcddot+ycdot*ycddot+zcdot*zcddot)/Vmc+k1*dee 

Vmcddot1=(xcdot*xcdddot+xcddot*xcdot+ycdot*ycdddot+ycddot*ycddot) 

Vmcddot2=(zcdot*zcdddot+zcddot*zcddot) 

Vmcddot=(Vmcddot1+Vmcddot2)/Vmc-Vmcdot*Vmcdot/Vmc+k1*ddee 

================================================================= 

Tracking error 

================================================================= 

ee=((x-xc)*(x-xc)+(y-yc)*(y-yc)+(z-zc)*(z-zc))^(0.5) 

dee=((x-xc)*(dx-xcdot)+(y-yc)*(dy-ycdot)+(z-zc)*(dz-zcdot))/ee 

ddee1=x*ddx+dx*dx-dx*xcdot-ddx*xc-dx*xcdot-x*xcddot+xcdot*xcdot+xc*xcddot 

ddee2=y*ddy+dy*dy-dy*ycdot-ddy*yc-dy*ycdot-y*ycddot+ycdot*ycdot+yc*ycddot 

ddee3=x*ddz+dz*dz-dz*zcdot-ddz*zc-dz*zcdot-z*zcddot+zcdot*zcdot+zc*zcddot 

ddee4=-dee*dee/ee 

ddee=(ddee1+ddee2+ddee3)/ee+ddee4 

============================================================= 

Desired trajectory 

============================================================= 

xc=8000+2620.5*t 

yc=2000+462*t   

zc=IF t<10 THEN 10245-5*(t-7)*(t-7) ELSE zc1 

zc1=IF t>10 THEN 10155+5*(t-13)*(t-13) ELSE 10400 

 

xcdot=2620.5 

ycdot=462   

zcdot=IF t<10 THEN -5*(2*t-14) ELSE zc1dot 

zc1dot=IF t>10 THEN 5*(2*t-26) ELSE 0 

 

 

xcddot=0 

ycddot=0 

zcddot=IF t<10 THEN -10 ELSE zc1ddot 

zc1ddot=IF t>10 THEN 10 ELSE 0 

 

xcdddot=0 

ycdddot=0 

zcdddot=0 

===================================================== 

Desired trajectory and system state transformation 

===================================================== 

yx=(xcdot*xcdot+ycdot*ycdot)^0.5 

dyx=(xcdot*xcddot+ycdot*ycddot)/yx 

ddyx1=(xcdot*xcdddot+xcddot*xcddot+ycdot*ycdddot+ycddot*ycddot)/yx 

ddyx2=-dyx*(xcdot*xcddot+ycdot*ycddot)/yx/yx 

ddyx=ddyx1+ddyx2 

 

x4c=arcsin(ycdot/yx)+k2*yd 

x4cdot=(1/((1-yr*yr)^0.5))*(ycddot/yx-ycdot*dyx/yx/yx)+k2*dyd 

x4cddot=ddyr/(1-yr*yr)^0.5+dyr*dyr*yr*(1-yr*yr)^(-1.5)+k2*ddyd 

 

yr=ycdot/yx 

dyr=ycddot/yx-ycdot*dyx/yx/yx 

ddyr1=ycdddot/yx-ycddot*dyx/yx/yx-(ycddot*dyx+ycdot*ddyx)/yx/yx 

ddyr2=2*ycdot*dyx*dyx/yx/yx/yx 

ddyr=ddyr1+ddyr2 

 

zyx=(zcdot/Vmc) 

dzyx=zcddot/Vmc-(zcdot*Vmcdot)/Vmc/Vmc 
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ddzyx1=zcdddot/Vmc 

ddzyx2=-zcddot*Vmcdot/Vmc/Vmc 

ddzyx3=-(Vmcdot*zcddot+Vmcddot*zcdot)/Vmc/Vmc 

ddzyx4=2*Vmcdot*Vmcdot*zcdot/Vmc/Vmc/Vmc 

ddzyx=ddzyx1+ddzyx2+ddzyx3+ddzyx4 

 

x5c=x8-arcsin(zyx)+k3*zd 

x5cdot=-dzyx/(1-zyx*zyx)^0.5+k3*dzd 

x5cddot1=-ddzyx/(1-zyx*zyx)^(0.5)-zyx*dzyx*dzyx*(1-zyx*zyx)^(-1.5) 

x5cddot2=k3*ddzd 

x5cddot=x5cddot1+x5cddot2 

============================================================== 

gx=-ma*g*sin(x5) 

gy=ma*g*cos(x5)*sin(x6) 

gz=ma*g*cos(x5)*cos(x6) 

ax=km*lo*Vm*Vm 

af=kf*lo*Vm*Vm 

 

s4=sin(x4) 

c4=cos(x4) 

s5=sin(x5) 

c5=cos(x5) 

s6=sin(x6) 

c6=cos(x6) 

s8=sin(x8) 

c8=cos(x8) 

s9=sin(x9) 

c9=cos(x9) 

============================================================== 

Cx0=-0.57+0.0083*x8 

Cy0=-0.21*x9 

Cz1=-0.0015*(x8*x8*x8)+0.0125*(x8*x8)-0.5052*x8+0.0429 

Cz2=0.0006*(x8*x8*x8)-0.0138*(x8*x8)+0.1230*x8-0.0191 

Cz0=Cz1+Cz2*(Vm/c) 

 

Fx=af*Cx0 

Fy=af*Cy0 

Fz=af*Cz0 

============================================================== 

Cl0=0.116*x9 

Cm1=-0.0055*((x8)^3)+0.2131*((x8)^2)-2.7419*x8-0.0381 

Cm2=0.0014*((x8)^3)-0.0623*((x8)^2)+0.8715*x8-0.4041 

Cm0=Cm1+Cm2*(Vm/c) 

Cn0=0.08*x9 

============================================================== 

d1=-(Izz-Iyy)/Ixx*x2*x3 

d2=-(Ixx-Izz)/Iyy*x1*x3 

d3=-(Iyy-Ixx)/Izz*x1*x2 

d4=sin(x6)/cos(x5)*x2+cos(x6)/cos(x5)*x3 

d5=cos(x6)*x2-sin(x6)*x3 

d6=x1+sin(x6)*tan(x5)*x2+cos(x6)*tan(x5)*x3 

Vm1=cos(x8)*cos(x9)*(Fx+gx) 

Vm2=sin(x9)*(Fy+gy)+sin(x8)*cos(x9)*(Fz+gz) 

d7=(Vm1+Vm2)/ma 

 

d81=x2-(x1*cos(x8)+x3*sin(x8))*tan(x9) 

d82=(1/(ma*Vm*cos(x9)))*(-sin(x8)*(Fx+gx)+cos(x8)*(Fz+gz)) 

d8=0"d81+d82 

d91=x1*sin(x8)-x3*cos(x8)+1/(ma*Vm)*(-cos(x8)*s9*(Fx+gx)) 

d92=(1/(ma*Vm))*(cos(x9)*(Fy+gy)-sin(x8)*sin(x9)*(Fz+gz)) 

d9=0"d91+d92 

============================================================== 

Cx0dot=0.0083*d8 

Cy0dot=-0.21*d9 
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Cz1dot=(-0.0045*x8*x8+0.025*x8-0.5052)*d8 

Cz2dot=(0.0018*x8*x8-0.0276*x8+0.123)*d8*(Vm/c) 

Cz0dot=Cz1dot+Cz2dot 

============================================================== 

gxdot=-ma*g*cos(x5)*d5 

gydot=ma*g*(-sin(x5)*sin(x6)*d5+cos(x5)*cos(x6)*d6) 

gzdot=-ma*g*(sin(x5)*cos(x6)*d5+cos(x5)*sin(x6)*d6) 

============================================================== 

B1=d7 

 

B21=d2*s6/c5+d3*c6/c5+ax*(Cm0/Iyy*c6+Cn0/Izz*c6)/c5 

B22=d5*tan(x5)/c5*(x2*s6+x3*c6)+d6/c5*(x2*c6-x3*s6) 

B2=B21+B22 

 

B31=d2*c6-d6*x2*s6-d3*s6-d6*x3*c6 

B32=ax*(cos(x6)/Iyy*Cm0-sin(x6)/Izz*Cn0) 

B3=B31+B32 

 

B41=d1+ax*Cl0/Ixx+d2*s6*tan(x5)+ax*Cm0/Iyy*s6*tan(x5) 

B42=d3*c6*tan(x5)+ax*Cn0/Izz*c6*tan(x5) 

B43=d6*(x2*c6*tan(x5)-x3*s6*tan(x5)) 

B44=d5/c5/c5*(x2*s6+x3*c6) 

B4=B41+B42+B43+B44 

============================================================== 

find A(x) and A(x) inverse 

A^-1(x)=[a1 a2 a3;a4 a5 a6;a7 a8 a9];   

============================================================== 

a11=c8*c9/ma 

a12=0 

a13=0 

a14=0 

 

 

a21=-k2*(yy1)*c8*c9/ma 

a22=-ax*0.675*s6/c5/Iyy 

a23=0 

a24=c6/c5/Izz*(-0.584)*ax 

 

a311=-k3*(-c8*c9*s5+s9*c5*s6+s8*c9*c5*c6) 

xx1=(c8*c9*c4*c5+s9*(c4*s5*s6-s4*c6)+s8*c9*(c4*s5*c6+s4*s6)) 

yy1=(c8*c9*s4*c5+s9*(s4*s5*s6+c4*c6)+s8*c9*(s4*s5*c6-c4*s6)) 

zz1=(-c8*c9*s5+s9*c5*s6+s8*c9*c5*c6) 

a312=((xx1*(x-xc)+yy1*(y-yc)+zz1*(z-zc))/ee)*zcdot/Vmc/Vmc 

a313=a311-k1*a312/(1-zyx*zyx)^0.5 

a31=a313*c8*c9/ma 

a32=-0.675*ax*c6/Iyy 

a33=0 

a34=0.584*ax*s6/Izz 

 

a41=0 

a42=-0.675*ax*s6*tan(x5)/Iyy 

a43=-0.127*ax/Ixx 

a44=-0.584*ax*c6*tan(x5)/Izz 

 

===================================================== 

find (A)^-1 

==================================================== 

delta=-a11*a43*(a22*a34-a24*a32) 

 

g11=(-a43*(a22*a34-a24*a32))/delta 

g12=0 

g13=0 

g14=0 
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g21=-(a43*(a21*a34-a24*a31))/delta 

g22=(a11*(-a34*a43))/delta 

g23=-(a11*(-a24*a43))/delta 

g24=0 

 

g31=(a21*(a32*a44-a42*a34)-a31*(a22*a44-a24*a42))/delta 

g32=-(a11*(a32*a44-a42*a34))/delta 

g33=(a11*(a22*a44-a24*a42))/delta 

g34=-(a11*(a22*a34-a24*a32))/delta 

 

g41=-(a43*(a21*a32-a22*a31))/delta 

g42=(a43*(a11*a32))/delta 

g43=-(a43*(a11*a22))/delta 

g44=0 

============================================================== 

Choose Sliding surface 

============================================================== 

e1=Vm-Vmc 

e2=x4-x4c 

e3=x5-x5c 

e4=x6 

 

e2dot=d4-x4cdot 

e3dot=d5-x5cdot 

e4dot=d6 

 

s1=e1 

s2=e2dot+k11*e2 

s3=e3dot+k21*e3 

ss4=e4dot+k31*e4 

 

s11=-Vmcdot 

s22=k11*e2dot-x4cddot 

s33=k21*e3dot-x5cddot 

s44=k31*d6 

============================================================== 

calculate control law  

============================================================== 

sat1=IF abs(s1/eps1)>1 THEN sign(s1/eps1) ELSE s1/eps1 

sat2=IF abs(s2/eps2)>1 THEN sign(s2/eps2) ELSE s2/eps2 

sat3=IF abs(s3/eps3)>1 THEN sign(s3/eps3) ELSE s3/eps3 

sat4=IF abs(ss4/eps4)>1 THEN sign(ss4/eps4) ELSE ss4/eps4 

 

t1=-s11-B1 

t2=-s22-B2 

t3=-s33-B3 

t4=-s44-B4 

==================actual control law delta_e delta_a delta_r 

u1eq=g11*t1+g12*t2+g13*t3+g14*t4 

u2eq=g21*t1+g22*t2+g23*t3+g24*t4 

u3eq=g31*t1+g32*t2+g33*t3+g34*t4 

u4eq=g41*t1+g42*t2+g43*t3+g44*t4 

 

tt1=-(0+eta1)*sat1 

tt2=-(0+eta2)*sat2 

tt3=-(0+eta3)*sat3 

tt4=-(0+eta4)*sat4 

 

u1re=g11*tt1+g12*tt2+g13*tt3+g14*tt4 

u2re=g21*tt1+g22*tt2+g23*tt3+g24*tt4 

u3re=g31*tt1+g32*tt2+g33*tt3+g34*tt4 

u4re=g41*tt1+g42*tt2+g43*tt3+g44*tt4 

============================================================== 

u111=u1eq+u1re 
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u222=u2eq+u2re 

u333=u3eq+u3re 

u444=u4eq+u4re 

 

u1=u11 

u2222=u22-u33+u44 

u2=IF t<ts THEN u2222 ELSE -2 

u3=-u22-u33+u44 

u4=-u22-u33-u44 

u5=u22-u33-u44 

 

u11=IF u111<0 THEN 0 ELSE IF u111>600 THEN 600 ELSE u111 

u22=IF u222>30 THEN 30 ELSE IF u222<-30 THEN -30 ELSE u222 

u33=IF u333>30 THEN 30 ELSE IF u333<-30 THEN -30 ELSE u333 

u44=IF u444>30 THEN 30 ELSE IF u444<-30 THEN -30 ELSE u444 

=============================================================== 

Cl=Cl0-0.127*(0.25*(-u2-u3-u4-u5)) 

Cm=Cm0-0.675*(0.25*(u2-u3-u4+u5)) 

Cn=Cn0-0.584*(0.25*(u2+u3-u4-u5)) 

 

L=ax*Cl 

M=ax*Cm 

N=ax*Cn 

=============================================================== 

Vm11=cos(x8)*cos(x9)*(Fx+gx+u1) 

Vm22=sin(x9)*(Fy+gy)+sin(x8)*cos(x9)*(Fz+gz) 

dx1=-(Izz-Iyy)/Ixx*x2*x3+L/Ixx 

dx2=-(Ixx-Izz)/Iyy*x1*x3+M/Iyy 

dx3=-(Iyy-Ixx)/Izz*x1*x2+N/Izz 

dx4=sin(x6)/cos(x5)*x2+cos(x6)/cos(x5)*x3 

dx5=cos(x6)*x2-sin(x6)*x3 

dx6=x1+sin(x6)*tan(x5)*x2+cos(x6)*tan(x5)*x3 

dVm=(Vm11+Vm22)/ma 

dx8=d8 

dx9=d9 

============================================================ 

State on 3-D space 

============================================================ 

dX11=Vm*c8*c9*c4*c5 

dX12=Vm*s9*(c4*s5*s6-s4*c6) 

dX13=Vm*s8*c9*(c4*s5*c6+s4*s6) 

dX=dX11+dX12+dX13 

 

dY11=Vm*c8*c9*s4*c5 

dY12=Vm*s9*(s4*s5*s6+c4*c6) 

dY13=Vm*s8*c9*(s4*s5*c6-c4*s6) 

dY=dY11+dY12+dY13 

 

dZ11=-Vm*c8*c9*s5+Vm*s9*c5*s6 

dZ12=Vm*s8*c9*c5*c6 

dZ=dZ11+dZ12 

============================================================== 

true value (degree) 

i1=x1*180/pi 

i2=x2*180/pi 

i3=x3*180/pi 

i4=x4*180/pi 

i5=x5*180/pi 

i6=x6*180/pi 

i8=x8*180/pi 

i9=x9*180/pi 

i4c=x4c*180/pi 

i5c=x5c*180/pi 

============================================================== 
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ts:0.3 

g:32.174 

ma:9.89 

c:968 

kf:0.1534 

km:0.0959 

lo:0.0005124 

Ixx:1.1913 

Iyy:100.51 

Izz:100.57 

 

k11:50 

k21:40 

k31:18 

 

eta1:15 

eta2:10 

eta3:1 

eta4:1 

 

 

eps1=1*pi/180 

eps2=1*pi/180 

eps3=1*pi/180 

eps4=1*pi/180 

 

=============================================================== 

 

END 
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(2)被動式容錯控制 

CONTINUOUS SYSTEM mpass1 

 passive control of u2(delta_1 outage) 

============================================================== 

 HAVE DASH II MISSILE MODEL SIMULATION 

 BY SLIDING MODE CONTROL 

 OUTPOT  Vm PSI THETA PHI  

=================symbol define================================ 

x1:P x2:Q x3:R x4:fi x5:thita x6:fine  x7:Vm x8:afa  x9:beta 

============================================================== 

STATE x1 x2 x3 x4 x5 x6  x8 x9 Vm X Y Z 

DER  dx1 dx2 dx3 dx4 dx5 dx6 dx8 dx9 dVm dX dY dZ 

TIME t 

============================================================== 

parameter set 

============================================================== 

pi:3.1415926 

 

xd=x-xc 

dxd=dx-xcdot 

ddxd=ddx-xcddot 

 

yd=y-yc 

dyd=dy-ycdot 

ddyd=ddy-ycddot 

 

zd=z-zc 

dzd=dz-zcdot 

ddzd=ddz-zcddot 

 

dxx11=d7*cos(x8)*cos(x9)*cos(x4)*cos(x5) 

dxx12=-d4*Vm*cos(x8)*cos(x9)*sin(x4)*cos(x5) 

dxx13=-Vm*d5*cos(x8)*cos(x9)*cos(x4)*sin(x5) 

dxx1=dxx11+dxx12+dxx13 

dxx2=d7*s9*(c4*s5*s6-s4*c6) 

xxx1=-d4*s4*s5*s6+d5*c4*c5*s6+d6*c4*s5*c6-d4*c4*c6+d6*s4*s6 

xxxx1=-dx4*s4*s5*s6+dx5*c4*c5*s6+dx6*c4*s5*c6-dx4*c4*c6+dx6*s4*s6 

dxx3=Vm*s9*xxx1 

dxx4=d7*s8*c9*(c4*s5*c6+s4*s6) 

xxx2=-d4*s4*s5*c6+d5*c4*c5*c6-d6*c4*s5*s6+d4*c4*s6+dx6*s4*c6 

xxxx2=-dx4*s4*s5*c6+dx5*c4*c5*c6-dx6*c4*s5*s6+dx4*c4*s6+dx6*s4*c6 

dxx5=Vm*s8*c9*xxx2 

 

ddx=dxx1+dxx2+dxx3+dxx4+dxx5 

 

dyy1=d7*c8*c9*s4*c5+Vm*d4*c8*c9*c4*c5-d5*Vm*s4*s5*c8*c9 

dyy2=d7*s9*(s4*s5*s6+c4*c6) 

yyy1=d4*c4*s5*s6+d5*s4*c5*s6+d6*s4*s5*c6-d4*s4*c6-d6*c4*s6 

yyyy1=dx4*c4*s5*s6+dx5*s4*c5*s6+dx6*s4*s5*c6-dx4*s4*c6-dx6*c4*s6 

dyy3=Vm*s9*yyy1 

dyy4=d7*s8*c9*(s4*s5*c6-c4*s6) 

yyy2=d4*c4*s5*c6+d5*s4*c5*c6-d6*s4*s5*s6+d4*s4*s6-d6*c4*c6 

yyyy2=dx4*c4*s5*c6+dx5*s4*c5*c6-dx6*s4*s5*s6+dx4*s4*s6-dx6*c4*c6 

dyy5=Vm*s8*c9*yyy2 

 

ddy=dyy1+dyy2+dyy3+dyy4+dyy5 

 

dz1=-d7*c8*c9*s5-d5*Vm*c8*c9*c5+d7*s9*c5*s6 

dz2=-d5*Vm*s9*s5*s6+d6*Vm*s9*c5*c6+d7*s8*c9*c5*c6 

dz3=-d5*Vm*s8*c9*s5*c6-d6*Vm*s8*c9*c5*s6 

 

ddz=dz1+dz2+dz3 
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==================================================================== 

Tracking error 

==================================================================== 

ee=((x-xc)*(x-xc)+(y-yc)*(y-yc)+(z-zc)*(z-zc))^(0.5) 

dee=((x-xc)*(dx-xcdot)+(y-yc)*(dy-ycdot)+(z-zc)*(dz-zcdot))/ee 

ddee1=x*ddx+dx*dx-dx*xcdot-ddx*xc-dx*xcdot-x*xcddot+xcdot*xcdot+xc*xcddot 

ddee2=y*ddy+dy*dy-dy*ycdot-ddy*yc-dy*ycdot-y*ycddot+ycdot*ycdot+yc*ycddot 

ddee3=x*ddz+dz*dz-dz*zcdot-ddz*zc-dz*zcdot-z*zcddot+zcdot*zcdot+zc*zcddot 

ddee4=-dee*dee/ee 

ddee=(ddee1+ddee2+ddee3)/ee+ddee4 

==================================================================== 

desired trajectory 

=================================================================== 

pp=-xd*xcdot-yd*ycdot-zc*zcdot 

 

k1=IF pp>0 THEN 0.14 ELSE IF pp<0 THEN -0.14 ELSE 0 

k2=-0.0005 

k3=0.0005 

 

xc=8000+2620.5*t 

yc=2000+462*t   

zc=IF t<10 THEN 10245-5*(t-7)*(t-7) ELSE zc1 

zc1=IF t>10 THEN 10155+5*(t-13)*(t-13) ELSE 10400 

 

xcdot=2620.5 

ycdot=462   

zcdot=IF t<10 THEN -5*(2*t-14) ELSE zc1dot 

zc1dot=IF t>10 THEN 5*(2*t-26) ELSE 0 

 

xcddot=0 

ycddot=0 

zcddot=IF t<10 THEN -10 ELSE zc1ddot 

zc1ddot=IF t>10 THEN 10 ELSE 0 

 

xcdddot=0 

ycdddot=0 

zcdddot=0 

 

Vmc=(xcdot*xcdot+ycdot*ycdot+zcdot*zcdot)^0.5+k1*ee 

Vmcdot=(xcdot*xcddot+ycdot*ycddot+zcdot*zcddot)/Vmc+k1*dee 

Vmcddot1=(xcdot*xcdddot+xcddot*xcdot+ycdot*ycdddot+ycddot*ycddot) 

Vmcddot2=(zcdot*zcdddot+zcddot*zcddot) 

 

Vmcddot=(Vmcddot1+Vmcddot2)/Vmc-Vmcdot*Vmcdot/Vmc+k1*ddee 

 

x4c=arcsin(ycdot/yx)+k2*yd 

x4cdot=(1/((1-yr*yr)^0.5))*(ycddot/yx-ycdot*dyx/yx/yx)+k2*dyd 

x4cddot=ddyr/(1-yr*yr)^0.5+dyr*dyr*yr*(1-yr*yr)^(-1.5)+k2*ddyd 

 

x5c=x8-arcsin(zyx)+k3*zd 

x5cdot=-dzyx/(1-zyx*zyx)^0.5+k3*dzd 

x5cddot1=-ddzyx/(1-zyx*zyx)^(0.5)-zyx*dzyx*dzyx*(1-zyx*zyx)^(-1.5) 

x5cddot2=k3*ddzd 

x5cddot=x5cddot1+x5cddot2 

================================================================ 

parameters of Vmc x4c x5c 

================================================================ 

yx=(xcdot*xcdot+ycdot*ycdot)^0.5 

dyx=(xcdot*xcddot+ycdot*ycddot)/yx 

ddyx1=(xcdot*xcdddot+xcddot*xcddot+ycdot*ycdddot+ycddot*ycddot)/yx 

ddyx2=-dyx*(xcdot*xcddot+ycdot*ycddot)/yx/yx 

ddyx=ddyx1+ddyx2 
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yr=ycdot/yx 

dyr=ycddot/yx-ycdot*dyx/yx/yx 

ddyr1=ycdddot/yx-ycddot*dyx/yx/yx-(ycddot*dyx+ycdot*ddyx)/yx/yx 

ddyr2=2*ycdot*dyx*dyx/yx/yx/yx 

ddyr=ddyr1+ddyr2 

 

zyx=(zcdot/Vmc) 

dzyx=zcddot/Vmc-(zcdot*Vmcdot)/Vmc/Vmc 

ddzyx1=zcdddot/Vmc 

ddzyx2=-zcddot*Vmcdot/Vmc/Vmc 

ddzyx3=-(Vmcdot*zcddot+Vmcddot*zcdot)/Vmc/Vmc 

ddzyx4=2*Vmcdot*Vmcdot*zcdot/Vmc/Vmc/Vmc 

ddzyx=ddzyx1+ddzyx2+ddzyx3+ddzyx4 

============================================================== 

gx=-ma*g*sin(x5) 

gy=ma*g*cos(x5)*sin(x6) 

gz=ma*g*cos(x5)*cos(x6) 

ax=km*lo*Vm*Vm 

af=kf*lo*Vm*Vm 

 

s4=sin(x4) 

c4=cos(x4) 

s5=sin(x5) 

c5=cos(x5) 

s6=sin(x6) 

c6=cos(x6) 

s8=sin(x8) 

c8=cos(x8) 

s9=sin(x9) 

c9=cos(x9) 

============================================================== 

Cx0=-0.57+0.0083*x8 

Cy0=-0.21*x9 

Cz1=-0.0015*(x8*x8*x8)+0.0125*(x8*x8)-0.5052*x8+0.0429 

Cz2=0.0006*(x8*x8*x8)-0.0138*(x8*x8)+0.1230*x8-0.0191 

Cz0=Cz1+Cz2*(Vm/c) 

 

Fx=af*Cx0 

Fy=af*Cy0 

Fz=af*Cz0 

============================================================== 

Cl0=0.116*x9 

Cm1=-0.0055*((x8)^3)+0.2131*((x8)^2)-2.7419*x8-0.0381 

Cm2=0.0014*((x8)^3)-0.0623*((x8)^2)+0.8715*x8-0.4041 

Cm0=Cm1+Cm2*(Vm/c) 

Cn0=0.08*x9 

============================================================== 

d1=-(Izz-Iyy)/Ixx*x2*x3 

d2=-(Ixx-Izz)/Iyy*x1*x3 

d3=-(Iyy-Ixx)/Izz*x1*x2 

d4=sin(x6)/cos(x5)*x2+cos(x6)/cos(x5)*x3 

d5=cos(x6)*x2-sin(x6)*x3 

d6=x1+sin(x6)*tan(x5)*x2+cos(x6)*tan(x5)*x3 

Vm1=cos(x8)*cos(x9)*(Fx+gx) 

Vm2=sin(x9)*(Fy+gy)+sin(x8)*cos(x9)*(Fz+gz) 

d7=(Vm1+Vm2)/ma 

d81=x2-(x1*cos(x8)+x3*sin(x8))*tan(x9) 

d82=(1/(ma*Vm*cos(x9)))*(-sin(x8)*(Fx+gx)+cos(x8)*(Fz+gz)) 

d8=0"d81+d82 

d91=x1*sin(x8)-x3*cos(x8)+1/(ma*Vm)*(-cos(x8)*s9*(Fx+gx)) 

d92=(1/(ma*Vm))*(cos(x9)*(Fy+gy)-sin(x8)*sin(x9)*(Fz+gz)) 

d9=0"d91+d92 

============================================================== 

Cx0dot=0.0083*d8 
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Cy0dot=-0.21*d9 

Cz1dot=(-0.0045*x8*x8+0.025*x8-0.5052)*d8 

Cz2dot=(0.0018*x8*x8-0.0276*x8+0.123)*d8*(Vm/c) 

Cz0dot=Cz1dot+Cz2dot 

============================================================== 

gxdot=-ma*g*cos(x5)*d5 

gydot=ma*g*(-sin(x5)*sin(x6)*d5+cos(x5)*cos(x6)*d6) 

gzdot=-ma*g*(sin(x5)*cos(x6)*d5+cos(x5)*sin(x6)*d6) 

============================================================== 

B1=d7 

 

B21=d2*s6/c5+d3*c6/c5+ax*(Cm0/Iyy*c6+Cn0/Izz*c6)/c5 

B22=d5*tan(x5)/c5*(x2*s6+x3*c6)+d6/c5*(x2*c6-x3*s6) 

B2=B21+B22 

 

B31=d2*c6-d6*x2*s6-d3*s6-d6*x3*c6 

B32=ax*(cos(x6)/Iyy*Cm0-sin(x6)/Izz*Cn0) 

B3=B31+B32 

 

B41=d1+ax*Cl0/Ixx+d2*s6*tan(x5)+ax*Cm0/Iyy*s6*tan(x5) 

B42=d3*c6*tan(x5)+ax*Cn0/Izz*c6*tan(x5) 

B43=d6*(x2*c6*tan(x5)-x3*s6*tan(x5)) 

B44=d5/c5/c5*(x2*s6+x3*c6) 

B4=B41+B42+B43+B44 

"============================================================== 

"find A(x) for Tx&delta_e,a,r and H(x) for Tx&delta_1,2,3,4 

"A=[a11 a12 a13 a14    H=[h11 h12 h13 h14 h15 

"   a21 a22 a23 a24       h21 h22 h23 h24 h25 

"   a31 a32 a33 a34       h31 h32 h33 h34 h35 

"   a41 a42 a43 a44]      h41 h42 h43 h44 h45]      

"========================================================= 

a11=c8*c9/ma 

a12=0 

a13=0 

a14=0 

 

a21=-k2*(yy1)*c8*c9/ma 

a22=-ax*0.675*s6/c5/Iyy 

a23=0 

a24=c6/c5/Izz*(-0.584)*ax 

 

a311=-k3*(-c8*c9*s5+s9*c5*s6+s8*c9*c5*c6) 

xx1=(c8*c9*c4*c5+s9*(c4*s5*s6-s4*c6)+s8*c9*(c4*s5*c6+s4*s6)) 

yy1=(c8*c9*s4*c5+s9*(s4*s5*s6+c4*c6)+s8*c9*(s4*s5*c6-c4*s6)) 

zz1=(-c8*c9*s5+s9*c5*s6+s8*c9*c5*c6) 

a312=((xx1*(x-xc)+yy1*(y-yc)+zz1*(z-zc))/ee)*zcdot/Vmc/Vmc 

a313=a311-k1*a312/(1-zyx*zyx)^0.5 

a31=a313*c8*c9/ma 

a32=-0.675*ax*c6/Iyy 

a33=0 

a34=0.584*ax*s6/Izz 

 

a41=0 

a42=-0.675*ax*s6*tan(x5)/Iyy 

a43=-0.127*ax/Ixx 

a44=-0.584*ax*c6*tan(x5)/Izz 

 

h11=a11 

h12=a12 

h13=a13 

h14=a14 

h15=0 

 

h21=a21 
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h22=0.25*(a22-a23+a24) 

h23=0.25*(-a22-a23+a24) 

h24=0.25*(-a22-a23-a24) 

h25=0.25*(a22-a23-a24) 

 

h31=a31 

h32=0.25*(a32-a33+a34) 

h33=0.25*(-a32-a33+a34) 

h34=0.25*(-a32-a33-a34) 

h35=0.25*(a32-a33-a34) 

 

h41=a41 

h42=0.25*(a42-a43+a44) 

h43=0.25*(-a42-a43+a44) 

h44=0.25*(-a42-a43-a44) 

h45=0.25*(a42-a43-a44) 

"=============================================== 

"find H^-1 for u2(delta_1)outage 

"=============================================== 

delta1=h11*(h23*h34*h45+h25*h33*h44+h24*h43*h35) 

delta2=h11*(-h43*h34*h25-h23*h44*h35-h33*h24*h45) 

delta=delta1+delta2 

 

g11=1/h11 

g12=0 

g13=0 

g14=0 

 

g21=-(h21*(h34*h45-h35*h44)-h31*(h24*h45-h25*h44))/delta 

g22=h11*(h34*h45-h35*h44)/delta 

g23=-h11*(h45*h24-h25*h44)/delta 

g24=h11*(h24*h35-h25*h34)/delta 

 

g31=(h21*(h33*h45-h35*h43)-h31*(h23*h45-h43*h25))/delta 

g32=-h11*(h33*h45-h35*h43)/delta 

g33=h11*(h23*h45-h25*h43)/delta 

g34=-h11*(h23*h35-h25*h33)/delta 

 

g41=-(h21*(h33*h44-h34*h43)-h31*(h23*h44-h24*h43))/delta 

g42=h11*(h33*h44-h34*h43)/delta 

g43=-h11*(h23*h44-h24*h43)/delta 

g44=h11*(h23*h34-h24*h33)/delta 

"============================================================== 

"choose silding surface 

"============================================================== 

e1=Vm-Vmc 

e2=x4-x4c 

e3=x5-x5c 

e4=x6 

 

e2dot=d4-x4cdot 

e3dot=d5-x5cdot 

e4dot=d6 

 

s1=e1 

s2=e2dot+k11*e2 

s3=e3dot+k21*e3 

ss4=e4dot+k31*e4 

 

s11=-Vmcdot 

s22=k11*e2dot-x4cddot 

s33=k21*e3dot-x5cddot 

s44=k31*d6 

ss5=s1*h12+s2*h22+s3*h32+ss4*h42 
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"============================================================== 

"calculate control law  

"============================================================== 

sat1=IF abs(s1/eps1)>1 THEN sign(s1/eps1) ELSE s1/eps1 

sat2=IF abs(s2/eps2)>1 THEN sign(s2/eps2) ELSE s2/eps2 

sat3=IF abs(s3/eps3)>1 THEN sign(s3/eps3) ELSE s3/eps3 

sat4=IF abs(ss4/eps4)>1 THEN sign(ss4/eps4) ELSE ss4/eps4 

sat5=IF abs(ss5/eps5)>1 THEN sign(ss5/eps5) ELSE ss5/eps5  

 

t1=-s11-B1 

t2=-s22-B2 

t3=-s33-B3 

t4=-s44-B4 

"==================actual control law delta_e delta_a delta_r 

u1eq=g11*t1+g12*t2+g13*t3+g14*t4 

u2eq=0 

u3eq=g21*t1+g22*t2+g23*t3+g24*t4 

u4eq=g31*t1+g32*t2+g33*t3+g34*t4 

u5eq=g41*t1+g42*t2+g43*t3+g44*t4 

 

con:30 

kc1=abs(con*h12) 

kc2=abs(con*h22) 

kc3=abs(con*h32) 

kc4=abs(con*h42) 

 

tt1=-(kc1+eta1)*sat1 

tt2=-(kc2+eta2)*sat2 

tt3=-(kc3+eta3)*sat3 

tt4=-(kc4+eta4)*sat4 

 

u1re=g11*tt1+g12*tt2+g13*tt3+g14*tt4 

u2re=0 

u3re=g21*tt1+g22*tt2+g23*tt3+g24*tt4 

u4re=g31*tt1+g32*tt2+g33*tt3+g34*tt4 

u5re=g41*tt1+g42*tt2+g43*tt3+g44*tt4 

"============================================================== 

u11=u1eq+u1re 

u22=-ss5*sat5 

trob=IF t<ts THEN 1 ELSE (-2)/(-ss5*sat5) 

u33=u3eq+u3re 

u44=u4eq+u4re 

u55=0"u5eq+u5re 

 

u1=IF u11<0 THEN 0 ELSE u11 

u2=IF u22>30 THEN 30 ELSE IF u22<-30 THEN -30 ELSE u22 

u3=IF u33>30 THEN 30 ELSE IF u33<-30 THEN -30 ELSE u33 

u4=IF u44>30 THEN 30 ELSE IF u44<-30 THEN -30 ELSE u44 

u5=IF u55>30 THEN 30 ELSE IF u55<-30 THEN -30 ELSE u55 

"=============================================================== 

Cl=Cl0-0.127*(0.25*(-u2-u3-u4-u5)) 

Cm=Cm0-0.675*(0.25*(u2-u3-u4+u5)) 

Cn=Cn0-0.584*(0.25*(u2+u3-u4-u5)) 

 

 

L=ax*Cl 

M=ax*Cm 

N=ax*Cn 

 

"=============================================================== 

 

Vm11=cos(x8)*cos(x9)*(Fx+gx+u1) 

Vm22=sin(x9)*(Fy+gy)+sin(x8)*cos(x9)*(Fz+gz) 

dx1=-(Izz-Iyy)/Ixx*x2*x3+L/Ixx 
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dx2=-(Ixx-Izz)/Iyy*x1*x3+M/Iyy 

dx3=-(Iyy-Ixx)/Izz*x1*x2+N/Izz 

dx4=sin(x6)/cos(x5)*x2+cos(x6)/cos(x5)*x3 

dx5=cos(x6)*x2-sin(x6)*x3 

dx6=x1+sin(x6)*tan(x5)*x2+cos(x6)*tan(x5)*x3 

dVm=(Vm11+Vm22)/ma 

dx8=d8 

dx9=d9 

 

dX11=Vm*c8*c9*c4*c5 

dX12=Vm*s9*(c4*s5*s6-s4*c6) 

dX13=Vm*s8*c9*(c4*s5*c6+s4*s6) 

dX=dX11+dX12+dX13 

 

dY11=Vm*c8*c9*s4*c5 

dY12=Vm*s9*(s4*s5*s6+c4*c6) 

dY13=Vm*s8*c9*(s4*s5*c6-c4*s6) 

dY=dY11+dY12+dY13 

 

dZ11=-Vm*c8*c9*s5+Vm*s9*c5*s6 

dZ12=Vm*s8*c9*c5*c6 

dZ=dZ11+dZ12 

"============================================================== 

"true value (degree) 

i1=x1*180/pi 

i2=x2*180/pi 

i3=x3*180/pi 

i4=x4*180/pi 

i5=x5*180/pi 

i6=x6*180/pi 

i8=x8*180/pi 

i9=x9*180/pi 

i4c=x4c*180/pi 

i5c=x5c*180/pi 

"============================================================== 

ts:0.3 

g:32.174 

ma:9.89 

c:968 

kf:0.1534 

km:0.0959 

lo:0.0005124 

Ixx:1.1913 

Iyy:100.51 

Izz:100.57 

 

k11:50 

k21:40 

k31:18 

 

eta1:15 

eta2:10 

eta3:1 

eta4:1 

eta5:1 

 

eps1=1*pi/180 

eps2=1*pi/180 

eps3=1*pi/180 

eps4=1*pi/180 

eps5=1*pi/180 

 

"=============================================================== 

END 
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(3)主動式容錯控制 

CONTINUOUS SYSTEM nfdd1 

 active control 

============================================================== 

 HAVE DASH II MISSILE MODEL SIMULATION 

 BY SLIDING MODE CONTROL 

 OUTPOT Vm PSI THETA PHI  

=================symbol define================================ 

x1:P x2:Q x3:R x4:fi x5:thita x6:fine  x7:Vm x8:afa  x9:beta 

============================================================== 

STATE x1 x2 x3 x4 x5 x6 x8 x9 Vm X Y Z o1 o2 o3 al1 al2 al3  

DER dx1 dx2 dx3 dx4 dx5 dx6 dx9 dx8 dVm dX dY dZ do1 do2 do3 da1 da2 da3  

TIME t 

============================================================== 

parameter set 

============================================================== 

pi=3.1415926 

xd=x-xc 

dxd=dx-xcdot 

ddxd=ddx-xcddot 

 

yd=y-yc 

dyd=dy-ycdot 

ddyd=ddy-ycddot 

 

zd=z-zc 

dzd=dz-zcdot 

ddzd=ddz-zcddot 

 

dxx11=d7*cos(x8)*cos(x9)*cos(x4)*cos(x5) 

dxx12=-d4*Vm*cos(x8)*cos(x9)*sin(x4)*cos(x5) 

dxx13=-Vm*d5*cos(x8)*cos(x9)*cos(x4)*sin(x5) 

dxx1=dxx11+dxx12+dxx13 

dxx2=d7*s9*(c4*s5*s6-s4*c6) 

xxx1=-d4*s4*s5*s6+d5*c4*c5*s6+d6*c4*s5*c6-d4*c4*c6+d6*s4*s6 

xxxx1=-dx4*s4*s5*s6+dx5*c4*c5*s6+dx6*c4*s5*c6-dx4*c4*c6+dx6*s4*s6 

dxx3=Vm*s9*xxx1 

dxx4=d7*s8*c9*(c4*s5*c6+s4*s6) 

xxx2=-d4*s4*s5*c6+d5*c4*c5*c6-d6*c4*s5*s6+d4*c4*s6+dx6*s4*c6 

xxxx2=-dx4*s4*s5*c6+dx5*c4*c5*c6-dx6*c4*s5*s6+dx4*c4*s6+dx6*s4*c6 

dxx5=Vm*s8*c9*xxx2 

 

ddx=dxx1+dxx2+dxx3+dxx4+dxx5 

 

dyy1=d7*c8*c9*s4*c5+Vm*d4*c8*c9*c4*c5-d5*Vm*s4*s5*c8*c9 

dyy2=d7*s9*(s4*s5*s6+c4*c6) 

yyy1=d4*c4*s5*s6+d5*s4*c5*s6+d6*s4*s5*c6-d4*s4*c6-d6*c4*s6 

yyyy1=dx4*c4*s5*s6+dx5*s4*c5*s6+dx6*s4*s5*c6-dx4*s4*c6-dx6*c4*s6 

dyy3=Vm*s9*yyy1 

dyy4=d7*s8*c9*(s4*s5*c6-c4*s6) 

yyy2=d4*c4*s5*c6+d5*s4*c5*c6-d6*s4*s5*s6+d4*s4*s6-d6*c4*c6 

yyyy2=dx4*c4*s5*c6+dx5*s4*c5*c6-dx6*s4*s5*s6+dx4*s4*s6-dx6*c4*c6 

dyy5=Vm*s8*c9*yyy2 

 

ddy=dyy1+dyy2+dyy3+dyy4+dyy5 

 

dzz1=-d7*c8*c9*s5-d5*Vm*c8*c9*c5+d7*s9*c5*s6 

dzz2=-d5*Vm*s9*s5*s6+d6*Vm*s9*c5*c6+d7*s8*c9*c5*c6 

dzz3=-d5*Vm*s8*c9*s5*c6-d6*Vm*s8*c9*c5*s6 

 

ddz=dzz1+dzz2+dzz3 
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"==================================================================== 

"Tracking error 

"==================================================================== 

ee=((x-xc)*(x-xc)+(y-yc)*(y-yc)+(z-zc)*(z-zc))^(0.5) 

dee=((x-xc)*(dx-xcdot)+(y-yc)*(dy-ycdot)+(z-zc)*(dz-zcdot))/ee 

ddee1=x*ddx+dx*dx-dx*xcdot-ddx*xc-dx*xcdot-x*xcddot+xcdot*xcdot+xc*xcddot 

ddee2=y*ddy+dy*dy-dy*ycdot-ddy*yc-dy*ycdot-y*ycddot+ycdot*ycdot+yc*ycddot 

ddee3=x*ddz+dz*dz-dz*zcdot-ddz*zc-dz*zcdot-z*zcddot+zcdot*zcdot+zc*zcddot 

ddee4=-dee*dee/ee 

ddee=(ddee1+ddee2+ddee3)/ee+ddee4 

"==================================================================== 

"desired trajectory 

"=================================================================== 

pp=-xd*xcdot-yd*ycdot-zc*zcdot 

 

k1=IF pp>0 THEN 0.14 ELSE IF pp<0 THEN -0.14 ELSE 0 

k2=-0.0005 

k3=0.0005 

 

xc=8000+2620.5*t 

yc=2000+462*t   

zc=IF t<10 THEN 10245-5*(t-7)*(t-7) ELSE zc1 

zc1=IF t>10 THEN 10155+5*(t-13)*(t-13) ELSE 10400 

 

xcdot=2620.5 

ycdot=462   

zcdot=IF t<10 THEN -5*(2*t-14) ELSE zc1dot 

zc1dot=IF t>10 THEN 5*(2*t-26) ELSE 0 

 

xcddot=0 

ycddot=0 

zcddot=IF t<10 THEN -10 ELSE zc1ddot 

zc1ddot=IF t>10 THEN 10 ELSE 0 

 

xcdddot=0 

ycdddot=0 

zcdddot=0 

 

Vmc=(xcdot*xcdot+ycdot*ycdot+zcdot*zcdot)^0.5+k1*ee 

Vmcdot=(xcdot*xcddot+ycdot*ycddot+zcdot*zcddot)/Vmc+k1*dee 

Vmcddot1=(xcdot*xcdddot+xcddot*xcdot+ycdot*ycdddot+ycddot*ycddot) 

Vmcddot2=(zcdot*zcdddot+zcddot*zcddot) 

 

Vmcddot=(Vmcddot1+Vmcddot2)/Vmc-Vmcdot*Vmcdot/Vmc+k1*ddee 

 

x4c=arcsin(ycdot/yx)+k2*yd 

x4cdot=(1/((1-yr*yr)^0.5))*(ycddot/yx-ycdot*dyx/yx/yx)+k2*dyd 

x4cddot=ddyr/(1-yr*yr)^0.5+dyr*dyr*yr*(1-yr*yr)^(-1.5)+k2*ddyd 

 

x5c=x8-arcsin(zyx)+k3*zd 

x5cdot=-dzyx/(1-zyx*zyx)^0.5+k3*dzd 

x5cddot1=-ddzyx/(1-zyx*zyx)^(0.5)-zyx*dzyx*dzyx*(1-zyx*zyx)^(-1.5) 

x5cddot2=k3*ddzd 

x5cddot=x5cddot1+x5cddot2 

 

"================================================================ 

"parameters of Vmc x4c x5c 

"================================================================ 

yx=(xcdot*xcdot+ycdot*ycdot)^0.5 

dyx=(xcdot*xcddot+ycdot*ycddot)/yx 

ddyx1=(xcdot*xcdddot+xcddot*xcddot+ycdot*ycdddot+ycddot*ycddot)/yx 

ddyx2=-dyx*(xcdot*xcddot+ycdot*ycddot)/yx/yx 

ddyx=ddyx1+ddyx2 
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yr=ycdot/yx 

dyr=ycddot/yx-ycdot*dyx/yx/yx 

ddyr1=ycdddot/yx-ycddot*dyx/yx/yx-(ycddot*dyx+ycdot*ddyx)/yx/yx 

ddyr2=2*ycdot*dyx*dyx/yx/yx/yx 

ddyr=ddyr1+ddyr2 

 

zyx=(zcdot/Vmc) 

dzyx=zcddot/Vmc-(zcdot*Vmcdot)/Vmc/Vmc 

ddzyx1=zcdddot/Vmc 

ddzyx2=-zcddot*Vmcdot/Vmc/Vmc 

ddzyx3=-(Vmcdot*zcddot+Vmcddot*zcdot)/Vmc/Vmc 

ddzyx4=2*Vmcdot*Vmcdot*zcdot/Vmc/Vmc/Vmc 

ddzyx=ddzyx1+ddzyx2+ddzyx3+ddzyx4 

"============================================================== 

gx=-ma*g*sin(x5) 

gy=ma*g*cos(x5)*sin(x6) 

gz=ma*g*cos(x5)*cos(x6) 

ax=km*lo*Vm*Vm 

af=kf*lo*Vm*Vm 

 

s4=sin(x4) 

c4=cos(x4) 

s5=sin(x5) 

c5=cos(x5) 

s6=sin(x6) 

c6=cos(x6) 

s8=sin(x8) 

c8=cos(x8) 

s9=sin(x9) 

c9=cos(x9) 

"============================================================== 

Cx0=-0.57+0.0083*x8 

Cy0=-0.21*x9 

Cz1=-0.0015*(x8*x8*x8)+0.0125*(x8*x8)-0.5052*x8+0.0429 

Cz2=0.0006*(x8*x8*x8)-0.0138*(x8*x8)+0.1230*x8-0.0191 

Cz0=Cz1+Cz2*(Vm/c) 

 

Fx=af*Cx0 

Fy=af*Cy0 

Fz=af*Cz0 

"============================================================== 

Cl0=0.116*x9 

Cm1=-0.0055*((x8)^3)+0.2131*((x8)^2)-2.7419*x8-0.0381 

Cm2=0.0014*((x8)^3)-0.0623*((x8)^2)+0.8715*x8-0.4041 

Cm0=Cm1+Cm2*(Vm/c) 

Cn0=0.08*x9 

"============================================================== 

d1=-(Izz-Iyy)/Ixx*x2*x3+ax*Cl0/Ixx 

d2=-(Ixx-Izz)/Iyy*x1*x3+ax*Cm0/Iyy 

d3=-(Iyy-Ixx)/Izz*x1*x2+ax*Cn0/Izz 

d4=sin(x6)/cos(x5)*x2+cos(x6)/cos(x5)*x3 

d5=cos(x6)*x2-sin(x6)*x3 

d6=x1+sin(x6)*tan(x5)*x2+cos(x6)*tan(x5)*x3 

Vm1=cos(x8)*cos(x9)*(Fx+gx) 

Vm2=sin(x9)*(Fy+gy)+sin(x8)*cos(x9)*(Fz+gz) 

d7=(Vm1+Vm2)/ma 

d81=x2-(x1*cos(x8)+x3*sin(x8))*tan(x9) 

d82=(1/(ma*Vm*cos(x9)))*(-sin(x8)*(Fx+gx)+cos(x8)*(Fz+gz)) 

d8=0"d81+d82 

d91=x1*sin(x8)-x3*cos(x8)+1/(ma*Vm)*(-cos(x8)*s9*(Fx+gx)) 

d92=(1/(ma*Vm))*(cos(x9)*(Fy+gy)-sin(x8)*sin(x9)*(Fz+gz)) 

d9=0"d91+d92 

"============================================================== 
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Cx0dot=0.0083*d8 

Cy0dot=-0.21*d9 

Cz1dot=(-0.0045*x8*x8+0.025*x8-0.5052)*d8 

Cz2dot=(0.0018*x8*x8-0.0276*x8+0.123)*d8*(Vm/c) 

Cz0dot=Cz1dot+Cz2dot 

"============================================================== 

gxdot=-ma*g*cos(x5)*d5 

gydot=ma*g*(-sin(x5)*sin(x6)*d5+cos(x5)*cos(x6)*d6) 

gzdot=-ma*g*(sin(x5)*cos(x6)*d5+cos(x5)*sin(x6)*d6) 

"============================================================== 

B1=d7 

 

B21=d2*s6/c5+d3*c6/c5 

B22=d5*tan(x5)/c5*(x2*s6+x3*c6)+d6/c5*(x2*c6-x3*s6) 

B2=B21+B22 

 

B3=d2*c6-d6*x2*s6-d3*s6-d6*x3*c6 

 

B41=d1+d2*s6*tan(x5) 

B42=d3*c6*tan(x5) 

B43=d6*(x2*c6*tan(x5)-x3*s6*tan(x5)) 

B44=d5/c5/c5*(x2*s6+x3*c6) 

B4=B41+B42+B43+B44 

"============================================================== 

"find A(x) for Tx&delta_e,a,r and H(x) for Tx&delta_1,2,3,4 

"A=[a11 a12 a13 a14     H=[h11 h12 h13 h14 h15 

"   a21 a22 a23 a24       h21 h22 h23 h24 h25 

"   a31 a32 a33 a34       h31 h32 h33 h34 h35 

"   a41 a42 a43 a44]      h41 h42 h43 h44 h45]      

"========================================================= 

a11=c8*c9/ma 

a12=0 

a13=0 

a14=0 

 

a21=-k2*(yy1)*c8*c9/ma 

a22=-ax*0.675*s6/c5/Iyy 

a23=0 

a24=c6/c5/Izz*(-0.584)*ax 

 

a311=-k3*(-c8*c9*s5+s9*c5*s6+s8*c9*c5*c6) 

xx1=(c8*c9*c4*c5+s9*(c4*s5*s6-s4*c6)+s8*c9*(c4*s5*c6+s4*s6)) 

yy1=(c8*c9*s4*c5+s9*(s4*s5*s6+c4*c6)+s8*c9*(s4*s5*c6-c4*s6)) 

zz1=(-c8*c9*s5+s9*c5*s6+s8*c9*c5*c6) 

a312=((xx1*(x-xc)+yy1*(y-yc)+zz1*(z-zc))/ee)*zcdot/Vmc/Vmc 

a313=a311-k1*a312/(1-zyx*zyx)^0.5 

a31=a313*c8*c9/ma 

a32=-0.675*ax*c6/Iyy 

a33=0 

a34=0.584*ax*s6/Izz 

 

a41=0 

a42=-0.675*ax*s6*tan(x5)/Iyy 

a43=-0.127*ax/Ixx 

a44=-0.584*ax*c6*tan(x5)/Izz 

"===================================================== 

"find (A)^-1 

delta=-a11*a43*(a22*a34-a24*a32) 

 

g11=(-a43*(a22*a34-a24*a32))/delta 

g12=0 

g13=0 

g14=0 
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g21=-(a43*(a21*a34-a24*a31))/delta 

g22=(a11*(-a34*a43))/delta 

g23=-(a11*(-a24*a43))/delta 

g24=0 

 

g31=(a21*(a32*a44-a42*a34)-a31*(a22*a44-a24*a42))/delta 

g32=-(a11*(a32*a44-a42*a34))/delta 

g33=(a11*(a22*a44-a24*a42))/delta 

g34=-(a11*(a22*a34-a24*a32))/delta 

 

g41=-(a43*(a21*a32-a22*a31))/delta 

g42=(a43*(a11*a32))/delta 

g43=-(a43*(a11*a22))/delta 

g44=0 

 

h11=a11 

h12=a12 

h13=a13 

h14=a14 

h15=0 

 

h21=a21 

h22=0.25*(a22-a23+a24) 

h23=0.25*(-a22-a23+a24) 

h24=0.25*(-a22-a23-a24) 

h25=0.25*(a22-a23-a24) 

 

h31=a31 

h32=0.25*(a32-a33+a34) 

h33=0.25*(-a32-a33+a34) 

h34=0.25*(-a32-a33-a34) 

h35=0.25*(a32-a33-a34) 

 

h41=a41 

h42=0.25*(a42-a43+a44) 

h43=0.25*(-a42-a43+a44) 

h44=0.25*(-a42-a43-a44) 

h45=0.25*(a42-a43-a44) 

"=============================================== 

"find H^-1 for u2(delta_1)outage 

"=============================================== 

delta1a=h11*(h23*h34*h45+h25*h33*h44+h24*h43*h35) 

delta2a=h11*(-h43*h34*h25-h23*h44*h35-h33*h24*h45) 

deltaa=delta1a+delta2a 

 

g11a=1/h11 

g12a=0 

g13a=0 

g14a=0 

 

g21a=-(h21*(h34*h45-h35*h44)-h31*(h24*h45-h25*h44))/deltaa 

g22a=h11*(h34*h45-h35*h44)/deltaa 

g23a=-h11*(h45*h24-h25*h44)/deltaa 

g24a=h11*(h24*h35-h25*h34)/deltaa 

 

g31a=(h21*(h33*h45-h35*h43)-h31*(h23*h45-h43*h25))/deltaa 

g32a=-h11*(h33*h45-h35*h43)/deltaa 

g33a=h11*(h23*h45-h25*h43)/deltaa 

g34a=-h11*(h23*h35-h25*h33)/deltaa 

 

g41a=-(h21*(h33*h44-h34*h43)-h31*(h23*h44-h24*h43))/deltaa 

g42a=h11*(h33*h44-h34*h43)/deltaa 

g43a=-h11*(h23*h44-h24*h43)/deltaa 

g44a=h11*(h23*h34-h24*h33)/deltaa 
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"=============================================== 

"find H^-1 for u3(delta_2)outage 

"=============================================== 

delta1b=h11*(h22*h34*h45+h25*h32*h44+h24*h42*h35) 

delta2b=h11*(-h42*h34*h25-h22*h44*h35-h32*h24*h45) 

deltab=delta1b+delta2b 

 

g11b=1/h11 

g12b=0 

g13b=0 

g14b=0 

 

g21b=-(h21*(h34*h45-h35*h44)-h31*(h24*h45-h25*h44))/deltab 

g22b=h11*(h34*h45-h35*h44)/deltab 

g23b=-h11*(h45*h24-h25*h44)/deltab 

g24b=h11*(h24*h35-h25*h34)/deltab 

 

g31b=(h21*(h32*h45-h35*h42)-h31*(h22*h45-h42*h25))/deltab 

g32b=-h11*(h32*h45-h35*h42)/deltab 

g33b=h11*(h22*h45-h25*h42)/deltab 

g34b=-h11*(h22*h35-h25*h32)/deltab 

 

g41b=-(h21*(h32*h44-h34*h42)-h31*(h22*h44-h24*h42))/deltab 

g42b=h11*(h32*h44-h34*h42)/deltab 

g43b=-h11*(h22*h44-h24*h42)/deltab 

g44b=h11*(h22*h34-h24*h32)/deltab 

"=============================================== 

"find H^-1 for u4(delta_3)outage 

"=============================================== 

delta1c=h11*(h22*h33*h45+h25*h32*h43+h23*h42*h35) 

delta2c=h11*(-h42*h33*h25-h22*h43*h35-h32*h23*h45) 

deltac=delta1c+delta2c 

 

g11c=1/h11 

g12c=0 

g13c=0 

g14c=0 

 

g21c=-(h21*(h33*h45-h35*h43)-h31*(h23*h45-h25*h43))/deltac 

g22c=h11*(h33*h45-h35*h43)/deltac 

g23c=-h11*(h45*h23-h25*h43)/deltac 

g24c=h11*(h23*h35-h25*h33)/deltac 

 

g31c=(h21*(h32*h45-h35*h42)-h31*(h22*h45-h42*h25))/deltac 

g32c=-h11*(h32*h45-h35*h42)/deltac 

g33c=h11*(h22*h45-h25*h42)/deltac 

g34c=-h11*(h22*h35-h25*h32)/deltac 

 

g41c=-(h21*(h32*h43-h33*h42)-h31*(h22*h43-h23*h42))/deltac 

g42c=h11*(h32*h43-h33*h42)/deltac 

g43c=-h11*(h22*h43-h23*h42)/deltac 

g44c=h11*(h22*h33-h23*h32)/deltac 

"=============================================== 

"find H^-1 for u5(delta_4)outage 

"=============================================== 

delta1d=h11*(h22*h33*h44+h23*h34*h42+h24*h43*h32) 

delta2d=h11*(-h42*h33*h24-h22*h43*h34-h32*h23*h44) 

deltad=delta1d+delta2d 

 

g11d=1/h11 

g12d=0 

g13d=0 

g14d=0 
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g21d=-(h21*(h33*h44-h34*h43)-h31*(h23*h44-h24*h43))/deltad 

g22d=h11*(h33*h44-h34*h43)/deltad 

g23d=-h11*(h44*h23-h24*h43)/deltad 

g24d=h11*(h23*h34-h24*h33)/deltad 

 

g31d=(h21*(h32*h44-h34*h42)-h31*(h22*h44-h42*h24))/deltad 

g32d=-h11*(h32*h44-h34*h42)/deltad 

g33d=h11*(h22*h44-h24*h42)/deltad 

g34d=-h11*(h22*h34-h24*h32)/deltad 

 

g41d=-(h21*(h32*h43-h33*h42)-h31*(h22*h43-h23*h42))/deltad 

g42d=h11*(h32*h43-h33*h42)/deltad 

g43d=-h11*(h22*h43-h23*h42)/deltad 

g44d=h11*(h22*h33-h23*h32)/deltad 

"============================================================== 

Choose sliding surface 

=============================================================== 

e1=Vm-Vmc 

e2=x4-x4c 

e3=x5-x5c 

e4=x6 

 

e2dot=d4-x4cdot 

e3dot=d5-x5cdot 

e4dot=dx6 

 

s1=e1 

s2=e2dot+k11*e2 

s3=e3dot+k21*e3 

ss4=e4dot+k31*e4 

 

s11=-Vmcdot 

s22=k11*e2dot-x4cddot 

s33=k21*e3dot-x5cddot 

s44=k31*dx6 

"============================================================== 

"calculate control law  

"============================================================== 

sat1=IF abs(s1/eps1)>1 THEN sign(s1/eps1) ELSE s1/eps1 

sat2=IF abs(s2/eps2)>1 THEN sign(s2/eps2) ELSE s2/eps2 

sat3=IF abs(s3/eps3)>1 THEN sign(s3/eps3) ELSE s3/eps3 

sat4=IF abs(ss4/eps4)>1 THEN sign(ss4/eps4) ELSE ss4/eps4 

 

t1=-s11-B1-(0+eta1)*sat1 

t2=-s22-B2-(0+eta2)*sat2 

t3=-s33-B3-(0+eta3)*sat3 

t4=-s44-B4-(0+eta4)*sat4 

 

t1a=-B1-s11-h12*uo2 

t2a=-B2-s22-h22*uo2 

t3a=-B3-s33-h32*uo2 

t4a=-B4-s44-h42*uo2 

 

t1b=-B1-s11-h13*uo3 

t2b=-B2-s22-h23*uo3 

t3b=-B3-s33-h33*uo3 

t4b=-B4-s44-h43*uo3 

 

t1c=-B1-s11-h14*uo4 

t2c=-B2-s22-h24*uo4 

t3c=-B3-s33-h34*uo4 

t4c=-B4-s44-h44*uo4 

 

t1d=-B1-s11-h15*uo5 
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t2d=-B2-s22-h25*uo5 

t3d=-B3-s33-h35*uo5 

t4d=-B4-s44-h45*uo5 

"==================actual control law delta_e delta_a delta_r 

u11n=g11*t1+g12*t2+g13*t3+g14*t4 

u22n=g21*t1+g22*t2+g23*t3+g24*t4 

u33n=g31*t1+g32*t2+g33*t3+g34*t4 

u44n=g41*t1+g42*t2+g43*t3+g44*t4 

"========= 

"normal 

"========= 

un1=u11n 

un2=u22n-u33n+u44n 

un3=-u22n-u33n+u44n 

un4=-u22n-u33n-u44n 

un5=u22n-u33n-u44n 

"================ 

"u2 outage 

"================ 

u1eqa=g11a*t1a+g12a*t2a+g13a*t3a+g14a*t4a 

u3eqa=g21a*t1a+g22a*t2a+g23a*t3a+g24a*t4a 

u4eqa=g31a*t1a+g32a*t2a+g33a*t3a+g34a*t4a 

u5eqa=g41a*t1a+g42a*t2a+g43a*t3a+g44a*t4a 

"=============== 

"u3 outage 

"=============== 

u1eqb=g11b*t1b+g12b*t2b+g13b*t3b+g14b*t4b 

u2eqb=g21b*t1b+g22b*t2b+g23b*t3b+g24b*t4b 

u4eqb=g31b*t1b+g32b*t2b+g33b*t3b+g34b*t4b 

u5eqb=g41b*t1b+g42b*t2b+g43b*t3b+g44b*t4b 

"============== 

"u4 outage 

"============== 

u1eqc=g11c*t1c+g12c*t2c+g13c*t3c+g14c*t4c 

u2eqc=g21c*t1c+g22c*t2c+g23c*t3c+g24c*t4c 

u3eqc=g31c*t1c+g32c*t2c+g33c*t3c+g34c*t4c 

u5eqc=g41c*t1c+g42c*t2c+g43c*t3c+g44c*t4c 

"============== 

"u5 outage 

"============== 

u1eqd=g11d*t1d+g12d*t2d+g13d*t3d+g14d*t4d 

u2eqd=g21d*t1d+g22d*t2d+g23d*t3d+g24d*t4d 

u3eqd=g31d*t1d+g32d*t2d+g33d*t3d+g34d*t4d 

u4eqd=g41d*t1d+g42d*t2d+g43d*t3d+g44d*t4d 

"============================================================== 

con=2 

kc1a=abs(con*h12) 

kc2a=abs(con*h22) 

kc3a=abs(con*h32) 

kc4a=abs(con*h42) 

 

kc1b=abs(con*h13) 

kc2b=abs(con*h23) 

kc3b=abs(con*h33) 

kc4b=abs(con*h43) 

 

kc1c=abs(con*h14) 

kc2c=abs(con*h24) 

kc3c=abs(con*h34) 

kc4c=abs(con*h44) 

 

kc1d=abs(con*h15) 

kc2d=abs(con*h25) 

kc3d=abs(con*h35) 
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kc4d=abs(con*h45) 

 

tt1a=-(kc1a+eta1)*sat1 

tt2a=-(kc2a+eta2)*sat2 

tt3a=-(kc3a+eta3)*sat3 

tt4a=-(kc4a+eta4)*sat4 

 

tt1b=-(kc1b+eta1)*sat1 

tt2b=-(kc2b+eta2)*sat2 

tt3b=-(kc3b+eta3)*sat3 

tt4b=-(kc4b+eta4)*sat4 

 

tt1c=-(kc1c+eta1)*sat1 

tt2c=-(kc2c+eta2)*sat2 

tt3c=-(kc3c+eta3)*sat3 

tt4c=-(kc4c+eta4)*sat4 

 

tt1d=-(kc1d+eta1)*sat1 

tt2d=-(kc2d+eta2)*sat2 

tt3d=-(kc3d+eta3)*sat3 

tt4d=-(kc4d+eta4)*sat4 

 

u1rea=g11a*tt1a+g12a*tt2a+g13a*tt3a+g14a*tt4a 

u3rea=g21a*tt1a+g22a*tt2a+g23a*tt3a+g24a*tt4a 

u4rea=g31a*tt1a+g32a*tt2a+g33a*tt3a+g34a*tt4a 

u5rea=g41a*tt1a+g42a*tt2a+g43a*tt3a+g44a*tt4a 

 

u1reb=g11b*tt1b+g12b*tt2b+g13b*tt3b+g14b*tt4b 

u2reb=g21b*tt1b+g22b*tt2b+g23b*tt3b+g24b*tt4b 

u4reb=g31b*tt1b+g32b*tt2b+g33b*tt3b+g34b*tt4b 

u5reb=g41b*tt1b+g42b*tt2b+g43b*tt3b+g44b*tt4b 

 

u1rec=g11c*tt1c+g12c*tt2c+g13c*tt3c+g14c*tt4c 

u2rec=g21c*tt1c+g22c*tt2c+g23c*tt3c+g24c*tt4c 

u3rec=g31c*tt1c+g32c*tt2c+g33c*tt3c+g34c*tt4c 

u5rec=g41c*tt1c+g42c*tt2c+g43c*tt3c+g44c*tt4c 

 

u1red=g11d*tt1d+g12d*tt2d+g13d*tt3d+g14d*tt4d 

u2red=g21d*tt1d+g22d*tt2d+g23d*tt3d+g24d*tt4d 

u3red=g31d*tt1d+g32d*tt2d+g33d*tt3d+g34d*tt4d 

u4red=g41d*tt1d+g42d*tt2d+g43d*tt3d+g44d*tt4d 

 

u111a=u1eqa+u1rea"For u2 outage 

u222a=fin 

u333a=u3eqa+u3rea 

u444a=u4eqa+u4rea 

u555a=u5eqa+u5rea 

 

u111b=u1eqb+u1reb "For u3 outage 

u222b=u2eqb+u2reb 

u333b=fin 

u444b=u4eqb+u4reb 

u555b=u5eqb+u5reb 

 

u111c=u1eqc+u1rec "For u4 outage 

u222c=u2eqc+u2rec 

u333c=u3eqc+u3rec 

u444c=fin 

u555c=u5eqc+u5rec 

 

u111d=u1eqd+u1red "For u5 outage 

u222d=u2eqd+u2red 

u333d=u3eqd+u3red 

u444d=u4eqd+u4red 
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u555d=fin 

"=============================================================== 

Cl=Cl0-0.127*(0.25*(-u2-u3-u4-u5)) 

Cm=Cm0-0.675*(0.25*(u2-u3-u4+u5)) 

Cn=Cn0-0.584*(0.25*(u2+u3-u4-u5)) 

 

L=ax*Cl 

M=ax*Cm 

N=ax*Cn 

"=============================================================== 

gp=1.3096e-6*Vm*Vm 

gq=8.2498e-8*Vm*Vm 

gr=7.1335e-8*Vm*Vm 

 

Vm11=cos(x8)*cos(x9)*(Fx+gx+u1) 

Vm22=sin(x9)*(Fy+gy)+sin(x8)*cos(x9)*(Fz+gz) 

dx1=d1+gp*(u2+u3+u4+u5) 

dx2=d2+gq*(-u2+u3+u4-u5) 

dx3=d3+gr*(-u2-u3+u4+u5) 

dx4=sin(x6)/cos(x5)*x2+cos(x6)/cos(x5)*x3 

dx5=cos(x6)*x2-sin(x6)*x3 

dx6=x1+sin(x6)*tan(x5)*x2+cos(x6)*tan(x5)*x3 

dVm=(Vm11+Vm22)/ma 

dx8=d8 

dx9=d9 

 

dX11=Vm*c8*c9*c4*c5 

dX12=Vm*s9*(c4*s5*s6-s4*c6) 

dX13=Vm*s8*c9*(c4*s5*c6+s4*s6) 

dX=dX11+dX12+dX13 

 

dY11=Vm*c8*c9*s4*c5 

dY12=Vm*s9*(s4*s5*s6+c4*c6) 

dY13=Vm*s8*c9*(s4*s5*c6-c4*s6) 

dY=dY11+dY12+dY13 

 

dZ11=-Vm*c8*c9*s5+Vm*s9*c5*s6 

dZ12=Vm*s8*c9*c5*c6 

dZ=dZ11+dZ12 

"============================================================== 

"true value (degree) 

 

i1=x1*180/pi 

i2=x2*180/pi 

i3=x3*180/pi 

i4=x4*180/pi 

i5=x5*180/pi 

i6=x6*180/pi 

i8=x8*180/pi 

i9=x9*180/pi 

i4c=x4c*180/pi 

i5c=x5c*180/pi 

"======================== 

"obsever desired 

"======================================= 

mp=3.8195e5/Vm/Vm 

mq=0.0606e8/Vm/Vm 

mr=0.07009e8/Vm/Vm 

 

z1=mp*x1-mq*x2 

z2=mq*x2-mr*x3 

z3=mp*x1+mr*x3 

 

 

 117



do1=mp*d1-mq*d2+un2+un5+kk1*r1 

do2=mq*d2-mr*d3+un3-un5+kk2*r2 

do3=mp*d1+mr*d3+un4+un5+kk3*r3 

 

r1=z1-o1 

r2=z2-o2 

r3=z3-o3 

 

"effective when normal case 

uo1=un1 

uo2=IF (0.9<CA and CA<1.1) THEN 0 ELSE un2+r1*kk1 

uo3=IF (1.9<CA and CA<2.1) THEN 0 ELSE un3+r2*kk2 

uo4=IF (2.9<CA and CA<3.1) THEN 0 ELSE un4+r3*kk3 

uo5=IF (3.9<CA and CA<4.1) THEN 0 ELSE un5 

 

da1=IF al1>1.1 THEN 0 ELSE IF abs(r1)>bnd_al1 THEN 100 ELSE 0 

da2=IF al2>1.1 THEN 0 ELSE IF abs(r2)>bnd_al2 THEN 100 ELSE 0 

da3=IF al3>1.1 THEN 0 ELSE IF abs(r3)>bnd_al3 THEN 100 ELSE 0 

"============================================================= 

" Outage selection  

"============================================================= 

 

u1ac=un1                      

 

 

"u2ac=un2 

u2ac=IF t<ts THEN un2 ELSE fin   

    

u3ac=un3 

"u3ac=IF t<ts THEN un3 ELSE fin 

 

u4ac=un4 

"u4ac=IF t<ts THEN un4 ELSE fin 

 

u5ac=un5 

"u5ac=IF t<ts THEN un5 ELSE fin 

 

u1=IF un1<0 THEN 0 ELSE un1 

"========================================================= 

CA =IF (al1<1 AND al2<1 AND al3<1) THEN 0 ELSE C_1 

C_1=IF (al1>1 AND al2<1 AND al3<1) THEN 1 ELSE C_2 

C_2=IF (al1<1 AND al2>1 AND al3<1) THEN 2 ELSE C_3 

C_3=IF (al1<1 AND al2<1 AND al3>1) THEN 3 ELSE 4 

 

  u2=IF (CA<0.1)            THEN u2ac  ELSE u2_1 

u2_1=IF (0.9<CA and CA<1.1) THEN u222a ELSE u2_2 

u2_2=IF (1.9<CA and CA<2.1) THEN u222b ELSE u2_3 

u2_3=IF (2.9<CA and CA<3.1) THEN u222c ELSE u2_4 

u2_4=IF (3.9<CA and CA<4.1) THEN u222d ELSE 100 

 

  u3=IF (CA<0.1)            THEN u3ac  ELSE u3_1 

u3_1=IF (0.9<CA and CA<1.1) THEN u333a ELSE u3_2 

u3_2=IF (1.9<CA and CA<2.1) THEN u333b ELSE u3_3 

u3_3=IF (2.9<CA and CA<3.1) THEN u333c ELSE u3_4 

u3_4=IF (3.9<CA and CA<4.1) THEN u333d ELSE 100 

 

  u4=IF (CA<0.1)            THEN u4ac  ELSE u4_1 

u4_1=IF (0.9<CA and CA<1.1) THEN u444a ELSE u4_2 

u4_2=IF (1.9<CA and CA<2.1) THEN u444b ELSE u4_3 

u4_3=IF (2.9<CA and CA<3.1) THEN u444c ELSE u4_4 

u4_4=IF (3.9<CA and CA<4.1) THEN u444d ELSE 100 

 

  u5=IF (CA<0.1)            THEN u5ac  ELSE u5_1 

u5_1=IF (0.9<CA and CA<1.1) THEN u555a ELSE u5_2 
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u5_2=IF (1.9<CA and CA<2.1) THEN u555b ELSE u5_3 

u5_3=IF (2.9<CA and CA<3.1) THEN u555c ELSE u5_4 

u5_4=IF (3.9<CA and CA<4.1) THEN u555d ELSE 100 

 

"============================================================= 

m1=2 

m2=2 

m3=2 

 

fin:-2 

 

ts:0.3 

 

g:32.174 

ma:9.89 

c:968 

kf:0.1534 

km:0.0959 

lo:0.0005124 

Ixx:1.1913 

Iyy:100.51 

Izz:100.57 

 

k11:50 

k21:40 

k31:18 

 

eta1:15 

eta2:1 

eta3:1 

eta4:1 

 

eps1=1*pi/180 

eps2=1*pi/180 

eps3=1*pi/180 

eps4=1*pi/180 

 

kk1:10              "<==converge rate of observer 

kk2:10 

kk3:10 

 

bnd_al1=0.051      "<==boundary of alarm 

bnd_al2=0.05 

bnd_al3=0.05 

 

a1=al1          "<==alarm value output 

a2=al2 

a3=al3 

 

 

ss=(s1*s1+s2*s2+s3*s3+ss4*ss4)^0.5 

"=============================================================== 

 

END 

 119


