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An Analysis of Impact Characteristics and Restriction Area about
Course Correction Fuse
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Abstract The main problem of Korea Artillery remains accuracy. Course correction fuse can be a
solution to this problem, but it is characterized by a shorter range than unguided shells. This is because
the course correction fuse modifies its trajectory using existing kinetic energy. So the purpose of this
study is to contribute to the efficient operation of the course correction fuse by analyzing the range
reduction and launch restriction areas. Course correction fuse was implemented based on the
7-degree-of-freedom motion equation and canard controller, and modeling design and verification were
performed using Matlab. Results found that the course correction fuse remained at a relatively constant
CEP, unlike unguided shells, where the CEP changed significantly depending on the speed of the muzzle
velocity. Range decreased about 0.8~1.6% compared to unguided shells. In addition, the restriction area
occurred due to impact characteristics. This study considered only a few variables concerning artillery
fire. Therefore, future studies should conduct analysis under various conditions for the efficient

operation of course correction fuse.
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Fig. 1. Compositon of Research Procedures
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o m
U p 0 —r q Up
, Y,+Y
vgl= M —|r 0 rtand||vz| (1)
m
w —q —rtand 0 ||w
B (Z+2,) B
m
Where, upvpwy denotes projectile velocity
components expressed in body-fixed plane
frame, XpYpZ, denotes total external force

components on the forward body, X, Y,2Z,

denotes total external force components on the
aft body. m denotes total projectile mass, ¢
denotes pitch and yaw rates. and 6 denotes

projectile euler pitch angle.
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Where, z,,y.,2, denotes projectile location ol 0 @)
F=Mgg 7
components expressed in earth-frame, 1 denotes
cosf

projectile euler yaw angle.
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Where, p.pp denotes aft and forward body roll
rates, and ¢4 ¢, denotes projectile euler roll

angle for the aft and forward body.

L+ M
r
;
pPr L,— M,
, A
Py g
"= ) ' 4
q (M+ M) —r(p, I+ ppIh)
¥ 1
(Np+ Ny +qp, I+ il
Y

Where, LpMpNp denotes total external moment
components on the forward body, L M, N,
denotes total external moment components on
the aft body. My denotes roll damping moment
due to the bearing, 77, I” denotes axial moment
of inertia for the aft and forward body, and Z

denotes transversal moment of inertia.
My= CV(pA _pF) tcp | F\| Sm(pA
Where,

rolling friction coefficient for bearing.

®)

damping and

_pF)

cpcp denotes viscous

©

Where, m 4, m; denotes mass for the aft and
forward body.
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Where, P denotes gravity for the forward body,

and ¢ denotes gravity acceleration.

—siné
Py =m,g 0 ®)
cosé

Where, P, denotes gravity for the aft body.

cosacosf
Dy = —5pSVACH| sing ©)

sinacos3

Where, D, denotes drag force for the forward

body, p denotes air density, S denotes projectile

area, V denotes velocity magnitude of projectile

composite mass center, and C}, denotes drag

force coefficient for the forward body. « denotes

angle of attack in body-fixed plane frame, and

denotes angle of sideslip in body-fixed plane

frame.
cosacos3
- 1 .
D, = 7§pSVQC}';1 sing (10
sinacos

Where, D, denotes drag force, and C} denotes
drag force coefficient for the aft body.
sin?f + cos’Bsin’a
- 1 :
Ly = 5pSVAC, an

—sinBcosacosf

— cos?@sinacosa
Where, Ly denotes lift force, and Cj, denotes
lift force coefficient for the forward body.
sinf + cos?Bsin’a
L = SpSVC, (12)

— sinfcosacosf3
— cos?Bsinacosa

Where, L, denotes lift force, and Cj. denotes
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lift force coefficient for the aft body.

0
— 1 . Ped .
Kp= gpSVZ . (7) —sinacosf 13)
sinf
Where, K denotes magnus force, and C;;a

denotes magnus force coefficient for the forward

body. d denotes projectile calibre.

0
— 1 D4d .
K, = EpSVQCZ‘m(LV) — sinacosf3 (14)
sing
Where, XA, denotes magnus force, and C’ypa

denotes magnus force coefficient for the aft

body.

0
A@IZ —pSAV?CT, |sinacosf (15)
—sinf
Where, le; denotes pitching moment, CZ,
denotes static moment coefficient for the
forward body.
0
- 1 .
My = EdeVZ 4 |sinacoss (16)
—sinf
Where, ]V[W denotes pitching moment, C%,

denotes static moment coefficient for the aft

body.

0
M = %ﬂSdVQ(* C;Fm)(%) —sing 17)
— sinacosf
Where, M?% denotes magnus moment, C/

npa
denotes magnus moment coefficient for the

forward body.

0
=L 2 oty Pady |
M, =5 pSAVA(= o ) v ) sing 18)
—sinacosf?
Where, M? denotes magnus moment, C-

npa
denotes magnus moment coefficient for the aft

body.
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0
Where, M’ denotes roll damping moment, C}p

denotes roll damping moment coefficient for the
forward body.

1
Pad

V)O

M = oStV Gl (20)

0
Where, M? denotes roll damping moment, Clp

denotes roll damping moment coefficient for the
aft body.

0
d

= SdVQqu(T/) q

1)

M. =
”

Where, M /ya denotes pitching damping moment,

CF

mq

the forward body.

denotes damping moment coefficient for

0

d

CA(V

mq

M= 2deV2 )a (22)
,

Where,
CA

mq

the aft body.

pyd denotes pitching damping moment,

denotes damping moment coefficient for
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Y, -~ Y,
Where, e(t) denotes input data of canard
controller, Y., Z, denotes desired projectile

location, Y,, Z, denotes real projectile location,

expressed in earth-frame.

2] 29

Where, u(t)

controller, J,, d, denotes average fin deflection

denotes output data of canard

of y,z axis.
AEgeIS) i
Z_

Ks? +Ks+ K
s s—A

Where, K, K, K,; denotes coefficient for the

proportional, integral, differential control, 4, B,
C, D denotes coefficient associated with &, X,
K,
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Table 1. Projectile specifications

Unguided Projectile Course Correction Fuse
Parameter Value Parameter Value
mp(kg) 1.482
m(kg) 43.0
m, (kg) 41316
. Iflkg- m?) 0.014
I (kg- m*) 0.147 .
]_;4(169« m?) 0.133
I(kg- m*) 1.893 I(kg- m*) 1.893
d(m) 0.155 d(m) 0.155
S(m?) 0.0188 S(m?) 0.01887
g(m/s*) 9.8 g(m/s*) 9.8
cp(N- m/(rad/s)) o |c, (V- m/(rad/s))| 0.001
cp(m) 0 cp(m) 0.001

Table 2. Projectile characteristic parameters

Paramors: Machl o6 | 09 1.1 15 | 20
c, 0.1810 | 0.2580 | 0.4410 | 0.3570 | 0.2860
G, 1.6465 | 1.1055 | 1.2726 | 2.4140 | 2.6337
Cip 5.6285 | 6.6674 | 7.9093 | 3.9407 | 3.7750
Cipy -13.227 | -24.182 | -26.243 | -15.976 | -13.312
G, -0.6066 | -1.4128 | -1.4248 | -0.5595 | -0.3740
Copa -0.94 | -125 | -1.96 | -1.69 | -1.51
Cipa 0.70 | 0.90 1.09 | 097 | 086

Table 3. Course Correction Fuse characteristic

parameters
Mach| 0.9 1.1 15 2.0
Parameter
C'g 0.0260 | 0.0820 | 0.1390 | 0.0740 | 0.0560
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o 0.1550 | 0.1760 | 0.3020 | 0.2830 | 0.2300
G, 1.6465 | 1.1055 | 1.2726 | 2.4140 | 2.6337
Cia 5.6285 | 6.6674 | 7.9093 | 3.9407 | 3.7750
Cuy -13.227 | -24.182| -26.243 | -15.977 | -13.312
Gy -0.605 | -1.409 | -1.421 | -0.558 | -0.373
Q’;l -0.0016 | -0.0038 | -0.0038 | -0.0015 | -0.0010

-0.60 | -0.80 | -1.25 | -1.08 | -0.96

£%
2

ch, -0.34 | -0.45 | -0.71 | -0.61 | -0.55
Ciipa 040 | 050 | 061 | 054 | 048
Cilpa 030 | 040 | 048 | 043 | 038
Cys 0.9167 | 1.7189 | 1.6960 | 0.7563 | 0.4813
Cis 2.4202 | 4.5505 | 4.3991 | 1.9286 | 1.2353

Table 4. Muzzle Velocity Variations of a field artillery

Gun A Battery B Battery C Battery
1 364.5 362.9 364.5
2 366.1 363.9 363.4
3 360.3 368.5 364.5
4 364.7 367.4 363.2
5 363.9 361.6 363.3
6 361.6 367.7 365.6
Average 364.3

Table 5. Wind variations by height

Height(m) Wind Velocity(m/s)

1524 3
1828.8 1
2133.6 3
2438.4 1
2743.2 2

3048 4
3657.6 7
4267.2 9
4876.8 7
5486.4 12
6096 12
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Table 6. Trajectory Parameter Validation

Time(s)

0 26 39 48

Data
P 500 224.1 243.4 272.8

V(m/s)
M 500 225.1 245.8 275.0
Blden) P 40 -10,0 -37.0 -53.0
Y 40 -9.23 -37.4 -52.25
pp | P | 1445 294 19.3 115
(rad/s) | M 1445 29.5 18.3 10.53
I P 1445 1132.6 1016.5 937.0
(rad/s) | M 1445 1151.3 1035.9 958.1
P 0 3031.8 1877.5 250.5

h(m)
M 0 3014.7 1903.5 225.5

(P : Previous Data, M : Modeling Data)
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Table 7. Operating Environment of Simulation
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18] Data Range(m) CEP(m)
e V; A B A-B A B
reEr 500m/s | 11254 11157 97 66.32 | 45.75
1571 600m/s 13649 13482 177 81.20 | 45.18

0 — —— —— — 700m/s 16110 15894 216 98.92 | 45.80
Deflection(m) 800m/s 18871 18608 263 112.46 | 46.28
Fig. 5. Ballistic Characteristics(V=700m/s) 900m/s 22040 21679 361 1485 | 47.16

(A : Unguided Projectile, B : Course Correction Fuse)
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Table 9. Range differences caused by elevation of
unguided projectile from CCF projectile

V. = 500m/s

Course Correction
Fuse(m)

Unguided Projectile
(m)

Elevation

30° 11254 11157

40° 11538 11372

45° 11787 11540

46.5° 11801 11548

47° 11802 11542

47.5° 11800 11532

48° 11796 11524

48.5° 11791 11513

50° 11767 11488
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