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Disturbance rejection program induced by strap—down

seeker time delay

Wang Wei, Lin Defu, Xu Ping
(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The disturbance rejection rate problem caused by strap —down seeker was studied, the
parasitical loop model induced by strap—down seeker time delay was established, the principium of
how time delay causes disturbance rejection was analyzed, and the function of disturbance rejection
rate induced by strap —down seeker time delay was deduced. Moreover, stability of the parasitical
loop caused by time delay was investigated and of the parasitical loop with different guidance
parameters was illustrated. The simulation result shows that, if the guidance system lag increases
relatively to the missile aerodynamic time constant, the system can overcome larger seeker time
delay; if the missile aerodynamic time constant is reduced, the guidance can tolerate larger seeker
time delay. Disturbance rejection rate problem discussed in the paper is significant in the practical
utilization.

Key words: strap—down seeker;  disturbance rejection; parasitical loop

CLC number: TJ765 Document code: A Article ID: 1007-2276(2015)09-2854—04

FEE S5 LERS| ERR S E R &EH R
I B MiEAE, R OF
(b RE LIRS FAFKE, LT 100081 )

OB, A THRBEFI R RN B AN, ST RBES T RN AT AR SRR ST
HBES 7] kAL BT 7| AR B 69 AL, B T AR 5] Sk A€ Bt ) AL AG FR B R B A AR T 571 KA i K
FAEB R, R FARRR AR LT, A5 B33 ki e FARBHBE RE,
R AV B S A G IER IR 3 ) 0 0 5 HOAR R T AR 3 Ay S BT ) 9 SO K, T A % LIRS 5] 3k
3E B 49 YA A L B BRAR B A B I A, TR A B 5] Skt rt B WA A L BT R
AT RIS ke TR LAE K &L,

X EFI L BBEE; FAER

K HH.2015-01-07; {&1T HHH.2015-02-12

EE£T B . BXARP¥I4(61172182)

EE R £5(1984-) , B W14k FEMNE AT SRS  RATAR S SR I m TS . Email: wangweiyh@bit.edu.cn
SUmfE A MR (1971-) , 5, A%, F BN G CAT A BRI A5 . Email:lindf@bit.edu.cn



Wang Wei et al: Disturbance rejection program induced by strap—downseeker time delay

2855

0 Introduction

To provide more accurate target information, the

seeker, as a core guidance system measurement
component, should implement complicated signal
processing. The complicated signal processing,

nevertheless, must consume a lot of time, inducing the
time delay to the output signal of seeker. For traditional
gimbaled seekers, the time delay just increases the
guidance system time constant and the guidance time. For
strap —down seekers, however, the time delay causes the
problem of disturbance rejection apart from that of the
guidance system time constant. Focusing on the time delay
of strap—down seeker, this paper mainly researches on the

disturbance rejection problem.

1 Principium analysis of disturbance rejection

problem with strap—down seeker time delay

The parasitical loop block model caused by the time
delay of strap—down seeker is illustrated in Fig.1. g is the
line —of —sight (LOS) angle, ¢ is the angle of seeker
light axis with respect to the LOS, k, is the calibration

factor of staring strap—down seeker, ¢, is the output LOS
angular rate, 7, is the time constant of differential
network, 1/(Ts+1) is the lag of guidance system, N is the
navigation ratio of proportional navigation, v is the missile
flight velocity, 7,, and w, are correspondingly the time
constant and damping ratio of missile autopilot, 7, is the
missile turning rate time constant, 9, is the missile attitude

angle, k, is the calibration factor of attitude gyro, and 7 is

Differential network

Seecker gain

s s
ke”

g,

the seeker time delay.

In Fig.1, missile body movement is coupled into
seeker output signal of LOS angular rate through two
channels: one is the missile disturbance channel and the
other is compensation channel of attitude gyro. The detail
coupling signals of the two channels will be discussed

blow:

(1) Coupling signal component A g, through missile

disturbance channel is:
=75

=€ 9
AQSI (Tds+l)2 M

(D

(2) Coupling signal component A g, through missile
attitude gyro compensation channel is:

1

C(Ts+1)? (2)

M

Aq.s2=
Therefore, the total seeker output LOS angular rate
Agq, induced by missile movement:

. 1_e—7'.\' .
Ag=——7 3
Through Equ. (3), the seeker disturbance rejection

function induced by time delay G, (s) is:

Guls)y= B = 1=,

o 2
D (Ts+1)

(4)

Through Equ. (4), if the time delay 7 is 0, missile
movement would not be coupled into the seeker output
signal of LOS angular rate. Therefore the Equ. (4) could
be considered as the disturbance rejection function with

the strap—down seeker time delay.

2 Parasitic loop stability analysis

Asdemonstratedin Fig.1, the close—loop characteristic
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Fig.1 Parasitical loop induced by strap—down seeker time delay
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equation of the parasitic loop caused by strap —down

seeker is:

At et ) =0 )
e ™1 (Ts+1)(Ts+1)(T, s*+2u,Ts+1)
Define the dimensionless quantities:

T, T, T, T, —
B: 1 B: mn B = B it/ I :T

d’ ]«d B T Dy Tﬂ D7 T 3w ma)v
2= LiTT, _ 1

o B’

- _2u, LT+ Ta QT T+T:) _ 2w, 2 1
a,= - =2m 4 +—,
T: BB BB b
E — §T+2I‘l’me(27:1T+ §)+T/271(T+2Td) = 2 +
? T BB
1 1,2
+ =+ +1
;21 Q#Lrn( B Bd ) bl
.= CTLI+T) +2u, L (T+2T)+T, _ 2
’ T: BB
1 1,2
+ =+ +1
;21 Q#Lrn( B Bd ) bl
. - (T+2Td)+ m’Tm =17+27+
a T, B g, TP

a=aw —aw’+a,w , a;=a,w'—a;w*+1 ,

1

) Nﬁ7+Nﬁb;—a6 ) (Na; B w—Nay)
ag= — — , do= = — .
az+a; az+a:

sin( 1 )
C=_ B "~
1— 1 — 9
2[1—cos( B, w)]

So, the solution of system characteristic equation is:

B.= ®
. . 2C, (6)
Tm+2arcsin(———1—)
VACT +1

The stable region obtained by Equ. (6) is shown in
Fig.2 —5. Figure 2 plots the stable region defined by B,
versus B, in condition of B,=0.05,B=2.5,u,=0.7,and N
at different values of 3, 4, 5. In the figure, the stable region
decreases with B, increasing, which means that with the
seeker differential network faster than the missile
aerodynamics, the guidance system could tolerate shorter
seeker time delay. Moreover, the stable region decreases if
the navigation ratio N increases, which reflects that the
guidance system could tolerate shorter time delay with the

guidance system bandwidth increasing. Fig.3 plots the

stable region defined by B, versus B, in condition of B,=

0.05,B=2.5,N=4and u,, at different values of 0.1, 0.5,
and 0.9. It can be obtained that the missile damping ratio
M., has heavy influence on the stable region from Fig.3.
The larger w,, is, the larger system stability becomes.
Figure 4 plots the stability defined by B, versus B, in the
condition of B,=0.05, N=4, u,,=0.7, at different values of
1, 2, and 3. In the figure, the stability decreases with B.
So, if the guidance system lag increases relatively to the
missile aerodynamic time constant, the system can
overcome larger seeker time delay. Figure 5 plots the

stable region defined by B, versus B, in condition of B=
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Fig.2 Stable region with N at 3,4, and 5
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Fig. 3 Stable region with u,,at 0.1, 0.5, and 0.9

30
Stable region

3 > B=
25 N
K B33 %
20
o 15+ >/<
10
B

5

]

[0 S AN Y . P PR | IO L
0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
BL/

Fig.4 Stable region with Bat 1,2, 3
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Fig.5 Stable region with B, at 0.01, 0.05, 0.1

2.5, N=4,,=0.7, and B, at different values of 0.01, 0.05,
and 0.1. In this figure, the stable region increases with B,,,
reflecting that if the missile aerodynamic time constant is
reduced, the guidance can tolerate larger seeker time

delay.
3 Conclusion

It is meaningful for China military industry to occupy
the technology of strap—down seeker, which respects the

development of seeker technology. The paper investigated

the disturbance rejection problem caused by strap —down
seeker time delay and deduced the stable region of the
parasitical loop caused by time delay. As one of the key
problems of strap—down seeker, disturbance rejection rate
problem discussed in the preceding sections is significant

in the practical utilization.
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