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Development of Flight Control System for Gliding Guided Artillery Munition
- PartIl: Guidance and Control

Seunghan Lim* Changho Pak**, Changyeon Cho** and Hyochoong Bang***

Division of Aerospace Engineering, Korea Advanced Institute of Science and Technology*,***
Defense R&D Institute, Poongsan**

ABSTRACT

In this paper, the guidance laws and controllers for the gliding guided artillery munition
is studied. The gliding guided artillery munition has wings for gliding to increase a range;
therefore previous guidance laws and controllers for the guided munition could not be
applied. Concepts of vector field guidance and proportional navigation guidance are
applied for mid-term and terminal guidance, respectively. The gliding guided artillery
munition is operated within wide altitude and speed areas; therefore, the controllers are
designed for each area, and gain-scheduling and the linear interpolation technique is

applied to compute the appropriate gains.
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Fig. 1. Definitions of variables
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Table 1. Gains for Mid-term Guidance
K} li i K]
25 1.0 20.0 2.0

r, =6000(m), p =0.5 r =6000(m), p =-2
xm‘ d d

xot d

North, x-axis (m)

East y-axis (m) x10'

Fig. 2. Examples of vector field
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Table 2. Reference states for linearization

6400.0
240.0

12800.0
320.0

Altitude (m) 1.0
Speed (m/s) 160.0

Table 3. Trim values for elevator (deg)

A ~SPdl 1600m/s|  2400m/s|  320.0m/s
1.0m ~13.061 -8.7380 -8.3482
6400.0m -16.587 -12.340 -12.393
12800.0m X -22.850 -20.308
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Table 4. Kpc for normal acceleration controller

Table 5. K4 for normal acceleration controller

Al —Spd. 160.0m/s 240.0m/s 320.0m/s At —~—Spd. 160.0m/s 240.0m/s 320.0m/s
1.0m 0.999 0.997 0.998 1.0m -0.18 -0.40 -0.90
6400.0m 1.10 1.03 1.00 6400.0m -0.12 -0.20 -0.45
12800.0m X 1.055 1.04 12800.0m X -0.060 -0.11
Table 6. w; for normal acceleration controller Table 7. Kr for normal acceleration controller
Al —Spd. 160.0m/s 240.0m/s 320.0m/s At —Spd. 160.0m/s 240.0m/s 320.0m/s
1.0m 0.49 0.46 0.25 1.0m 0.28409 0.12786 0.059842
6400.0m 25 0.5 04 6400.0m 0.49885 0.21828 0.10287
12800.0m X 3.8 1.2 12800.0m X 0.34000 0.22000
Table 8. Kpc for side acceleration controller Table 9. K4 for side acceleration controller
At —Spd. 160.0m/s 240.0m/s 320.0m/s Al ——Spd. 160.0m/s 240.0m/s 320.0m/s
1.0m 1.10 1.09 1.02 1.0m 0.06 0.04 0.2
6400.0m 1.04 1.05 1.02 6400.0m 0.15 0.09 0.13
12800.0m X 1.02 1.02 12800.0m X 0.21 0.18

Table 10. w; for side acceleration controller

Table 11. Kgr for side acceleration controller

At —Spd. 160.0m/s 240.0m/s 320.0m/s Al ——Spd. 160.0m/s 240.0m/s 320.0m/s
1.0m 7.83 7.31 1.07 1.0m 0.315 0.0900 0.0400
6400.0m 7.41 6.93 3.28 6400.0m 0.560 0.170 0.0700
12800.0m X 6.29 5.01 12800.0m X 0.430 0.160
Table 12. Kp for roll controller Table 13. Kp for roll controller
AL ~SPd 1600m/s|  2400m/s|  3200mfs|  |pp TSP 160.0m/s|  240.0m/s|  320.0m/s
1.0m 1.8 1.8 2.1 1.0m 0.025 0.021 0.015
6400.0m 1.8 1.8 2.1 6400.0m 0.028 0.024 0.018
12800.0m X 1.6 1.9 12800.0m X 0.040 0.025
Table 14. Information of Targets
Target #1 Target #2 %
Latitude 37.380 deg Latitude 37.480 deg é
Longitude 127.00 deg | Longitude 127.00 deg _ 1;
Altitude 00m | Alitude 00 m = ’
anpact 180.0 deg | mpact Ange | 180.0 deg §
Target #21 Target #22 ' R
Latitude 37.45 deg Latitude 37.458 deg é
Longitude 127.10 deg | Longitude 126.90 deg 2
Altitude 00 m | Alitude 00 m z
Impact Angle 270.0 deg | Impact Angle 90.00 deg 0
Target #41 Target #42 ) north (m/s) aliitude (m) 4 40*
Latitude 37.310 deg Latitude 37.310 deg . . .
Longitude | 127.15 deg | Longtude | 126.85 deg Fig. 6. Wind Profile
Altitude 0.0 m Altitude 0.0 m
mpact Angle 0.000 deg | impact Ange 0.000 deg (37.0deg, 127.0deg, 70m)°]™, 1100mil®] 17to=
BEo s WASIAY. Fig 7~1201% AlEd o]
ABeoldnit T vigk 2AcA AEdolde]  AS B3 B 2AH A denioh
SRR Ark w3 st 2R B gisfx A HXEE T 1109 AlEFelHAS FaEton,
ANEH IS FPsPor, 1 ExE R @ 50%9] TS 6m oo, 95%9 ©op2 mF
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