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Components Design for Guided Weapon System according to
Resolution based on Base System Model

Kyujin Moon * Yu-Young An -

Ui-Taek Jeong - Chang-Kyung RyooT

An AddSIM(Adaptive distributed and parallel Simulation environment for Interoperable and reusable Models)
is developed to construct a composite environment that can be used in the overall stage from military demand
analysis to test and evaluation. In addition, a base system model(BSM), which is a component model of the
weapon system with standardized hierarchies, has been developed. This paper describes the critical design of
BSM for the guided weapon system that can be operated in AddSIM. The guided weapon system BSM is designed
for reusability and interoperability, and to have the same interface for assembly, even if the subcomponents have
different resolution. Then, each subcomponent is defined and implemented according to the component resolution
classification scheme. Finally, Combinations of subcomponents have been used to construct the guided weapon
system of various resolution and the performance is compared and analyzed through simulation.

Key words

: AddSIM, BSM, Guided weapon system, Component Resolution
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+ Level of Resolution
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+ Degree of Physical Realism
+ Time Management Method
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Fig. 1. Defense M&S classification(Kim et al., 2007)
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Fig. 2. Guided weapon system BSM architecture
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Fig. 3. Data classification of BSM(Kim et al., 2007)

Resolution Low Medium High Specific
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Simulation Fast
Speed *

Fig. 4. Components resolution classification

Table 1. Components resolution classification criteria

- The simplest model to implement functionality
Low of component
- Ideal state assumption

- Simple error factor reflected such as delay,

Medium bias and random walk.

- Major characteristics of system reflected
High |- Major parameters that have a large impact on
system performance reflected

- System detail model reflected

Specific .
P - Various parameters throughout system reflected

N,

Ack oln) sjEs} Edeks 59 HEdEe ¢ -
%E—ﬂ. olE] o] A Zofof et H=2F(Guidance &
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E =HolAL 1sjAE(High Resolution)?] ez}
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Table 2. Definition and characteristics of dynamics
components by resolution

- 3-DOF

Considering coincidence between velocity and
Low attitude

Considering drag coefficient and acceleration
limit

Pseudo 6-DOF
Considering well designed autopilot

Medium Sy .
- Considering Ift & drag coefficient and angle
of attack limit
- Full 6-DOF
High | - Considering physical quantity
- Considering major aerodynamic coefficients
| Guidance Algorithm
~ uvc’uz ~ 1 u
= Jul v ‘ I'=tan" =
u, uyc+uw an u,
3
r
. = min(u,, #y,) . 2
a, =a,sinl
- ’ > a .a
mi a, =a,cosl (N
Crla)= cz
05018
A
a1 “ |05V SC, (o)
a,(s) r,5+1 Hm m

Fig. 5. Flow diagram for the acceleration calculation
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W FHFEAA viEhE e 5719 TA 445, M, =
S 57)9] mulEel TS LhERILh Table 38 5
Aot mdl P = 49 ES tehdrk

U] U

ol= i (2)
v w
Sfe +rw—qu (29, 2,.) 2,

= | Zf] Fppo—rpu |+ CF |~ (2y,0+ 2,,) 02,
S+ qu—pw 0

b= M—why=x wh) (3)

Table 3. Attribute characteristics according to the resolution
of the dynamics components
(O : Calculated, A : Assumed, x : Not abailable)

Low Medium High
Position (@] (@] (@]
Velocity (@] o (@]
Attitude A A O
Angular velocity A A O
Angle of attack x A O

3.2 HAMY| o HEEE

HA7] Y Hxdes AR A7) A AR
7ol A #A]0] Lock-on 7Fsqt A2] WollA] Alofzt
(FOV, Field Of View) W¥-9] 9] w] Lock-ong 43
Sh| o] Ao gt fle 7719 AlA ZF WSkES At
%31t} RF(Radio Frequency) B7] mdlo] sjAt: &
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g — e —=
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Table 4. Definition and characteristics of RF seeker
components by resolution

Table 5. Definition and characteristics of propulsion
components by resolution

- Ideal LOS rate Low - Ideal thrust
Low - Using relative state between guided weapon o - One or two constant mass flow rate
and target Medium | Considering combustion efficiency
Medium | - Considering delay due to gimbal dynamics - Time variant mass flow rate
- Considering delay due to gimbal dynamics Hich - Considering combustion environment
Hieh |- Considering delay due to signal processing g - Considering grain shape
& - Considering noise reflected with RF signal
characteristics

Signal 1 BSE dlay
Processor > 108
(delay) i

= = = = Only for High Resolution

Fig. 6. Secker loop architecture
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(47)*R kTB, F,
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EUE Ao ¥l EA& Table 67 Zth Low, Medium,
High A=) IMU 273k 4] (8)3} o] Zelgch
S7)N n 93} 842 Uehfe] 93} 847t ¢S %
£ Low 3%E, Hlo]ojA9} random walko]] 2Jgt @2}
240 73% 9 Medium AT, B5F I1HE H>
High 3AF=2] malo] H} of7]4 A= A7 HE o
A, A% AY 93}, Bl vholol, v random walk 3
S-S vehdtHLawrence, 1993).

— —

T +n

meas  Ltrue

n=K+Alz,,, +B+v (8)

where

Sx Ay, aa:y

K+A=|a, S5, —a,
S

k4

- azy Aoy

B+v = [BI-i-VZBy—FVyBZ—I—VZ]T

Table 6. Definition and characteristics of navigation
components by resolution

Low - Ideal measurement

- Considering measurement reflected with bias

Medium
and random walk
- Considering measurement reflected with
High bias, random walk, scale factor error and

misalignment

Table 7. Definition and characteristics of actuator
components by resolution

- Ideal deflection

Low S o
- Considering slew rate and limiter

- Considering delay due to actuator dynamics

Medi S .
edium | Considering slew rate and limiter

- Considering delay due to motor dynamics
High - Considering physical characteristic such as
fin load torque, gear ratio, etc

35 & 2Yl HEHE

T5 BEE fFERFEdoA AL A A EEo
3l 5 HZE gty & =8ellA dd 4
Fole 714 FEolol A= ¥ AEUE Bo| 9
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Wi 7o) 2o maE A ©)9 2] EALH by,
7, & 29 @ asizie} 0] me Ho) 271 £
3, 12 =8 YE(Roller nut)@} £ =(Output shaft
axes)?] =R A 2], hi= YAF = ) X|(screw shaft pitch)
£ YEeERHckJang, 2010; Gurav, 2017).

T Témx _ 2

m? 0

3.6 B4 29 HEUE
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Fig. 7. Electric actuator system architecture
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Table 8. Definition and characteristics of communication
components by resolution

Low - Ideal communication

Medium | - Considering constant delay

- Considering delay due to propagation and

High transmission
er)m (t) = Ra)m(t - td)
—_— — (10)
I/cam(t) = I/(’mn (t - td)
td = Dpropagation + ‘Dtmnsmzsewn
Dpropagatian = d/C (11)

=L/R

transmission

Medlum oH*P 1|
2% nd HEYE :
Flel16] 842 S L751) g £ =Rl
© e F7100A 7 e AREAL Sl W

%=(PNG, Proportional Navigation Guidance), & Z}
Alet719k 3L 7HEE Alo71E A8kt A (12)&
PNG, Fig. 82 & ZIZA|017|(a), 3FE 7[5 A[0f7]

l-ﬂ

(b) F+Z& LEPHATK Zarchan, 2012).
=NV, o (12)
eio— K, Fo K, 9 Actuator
Rate gyro

(a) Roll attitude control loop

Accelerometer

(b) 3-Loop autopilot loop

Fig. 8. Control loop architecture
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Fig. 9. Simulation results

Table 9. Operation time according to the resolution of the
BSM

Low Medium High
Operation time[sec] 1.335 1.118 0.77

7sks AL 2l B 4= k. ol Low Sk 5

5 o] A &= el AAlzto] 2rka F1gs

Medium, High 3jA=o] mElHc) gkelo] 24 &

QI FARHGNE AL 0] ¥rgE Medium,

High 3= 23} th2 7] Low e Hdl-2 Ideal &

2o Hgalols] RO BAE. ofo] ojgt G
hva

& ol AddSIMOlA 28 7Hs et 7= 7714
A€} BSM ZgAI8A o] thsl] Argsteitt. fr= F7]AA

294 9 AAEde el BSMe| 7] &
of glojg} AAE H2Es dAsidon U HEHE
O] 7% sd=rt Adolsitlete &8 E#|o] A9 Ho]
E7} FUskes AABIGE E1E ThefRt s =2 skl
HEHE 29k o] 229 =8 24T + U=
5 et HFH oz Agdgolde T8 = E =
F71AA BSMQ| A5 2Rlsiiint. AAE = 7]
AA BSM 2tojHej2] Fej2 AlgEo] AMARY &
Aol uhet 23t =S AASHES st TRt Al
ool 282 Ao 7.
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Table 10. Equations of high resolution propulsion model component

7_1 fy+1 P(’}mm

o+l P
T_A*Pdmrﬂ\/ﬁ(i)wl [1_( -

) 7 +(P.—P,)A,

t, . %
m=m0*/ mdt, m=2~P,, A \/7
0

RT,

if (phase = phase ., )

cham

y+1

(,}/+1) 2(y—1)

+1
Ucham dp, cham 2 ﬁ
—_— =4 — - P —(——) "
Ryvdmm dt br(pp pdmm) cham o (’V+1 )
if (phase = phase i, stare) where
P =K * —1 - A‘,j‘
cham "pprc Pe = Pdmm(l + . 2 M’Q) 1
if (phase = phasemﬂ,off) A,
- RﬂhamA ' K;L T
R]Lam = Pb()eXp( * (t - tbo))
UchamC C* —
9 o+l
y—1
~( e )
T : thrust [V] P, . Atmospheric pressure [Fua]

7 : Specific heat ratio
m : Mass of guided weapon [kg]
m, : Initial mass of guided weapon [kg]

m,,, : Propellant mass consumed [kg]

m : Mass flow of propellant [kg/s]
A" Area of nozzle neck [m?]

A, : Area of nozzle exit [m?]

A, @ Area of propellant combustion [m2]
R : Gas constant [JX mol ' X K ']
P, o - Pressure of chamber [Fa]

P, : Pressure of nozzle exit [Pa]

P, : Pressure of chamber at burnout [/Fa]
T, : Temperature of chamber [ K]

cham
VUgham - Volume of chamber [m”]

K, : Area ratio

r : Combustion rate of propellant grain [m/s]
pp © Density of propellant [kg/m*]

Denam - Density of chamber [kg/ m®]

¢ : Characteristic velocity [m/ 82]

t : Current time [S€C]

t,, : Burnout time [S€C]

M, : Mach number at exit
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Table 11. Required input data through interface according to the resolution

Component Interface source Input variable Resolution
Environment Gravitational acceleration L M H
Thrust LM H
) Mass of guided weapon L M | H
. Propulsion — -
Dynamics Moment of inertia of guided weapon H
Position of C.G of guided weapon H
GnC Main Guidance acceleration command L M
Actucator Actuator displacement angle H
Propulsion Environment Gravitational acceleration L M
Actucator GnC Main Actuator displacement angle command L M | H
Position of guided weapon measured by external L M H
C icati C icati .
Orzgﬁl;:ilg:)lon orr(l}ﬁ:)u;:c; on Velocity of weapon measured by external L M H
Position of target measured by external L M i H
Launch(Logics) Initial position of target Singular
Position of guided weapon measured by external Singular
Communication Velocity of weapon measured by external Singular
(Physics) 2l P y gu
Position of target measured by external Singular
) Seeker Angular velocity of Line-Of-Sight Singular
GnC Main - - - -
Estimated position of guided weapon Singular
Estimated velocity of guided weapon Singular
Navigation Estimated attitude of guided weapon Singular
Measured acceleration of guided weapon Singular
Measured angular velocity of guided weapon Singular
@D =M 0|NstE =2
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