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ABSTRACT

Aiming at the shortcomings of the present damagkcieficy model of multiple launch rocket
system(MLRS) that ignores factors such as targetgement and viability while considers factors like
shooting accuracy, target characteristics, and aimofi ammunition only, a time-constraint damage
efficiency model of MLRS was presented based otieaxt firepower theory and firepower counterwork
theory. The damage efficiency of MLRS in scenatfa containing time-constraint factors was comgute
based on the new model. Simulation results showeffectiveness of the model, and demonstrate that
factors like targets maneuver and survival demdagl @an important role in damage efficiency of MLRS
battalion and make the damage efficiency time s@asi

Keywords: Time-Constraint, Damage Efficiency, Shooting Accuracy, Ammunition Consumption, Target
Maneuver

1. INTRODUCTION A new damage efficiency model was set up based
on used static model in this paper. The new time-

The MLRS is a long-rang surface-suppressingonstraint model takes into account the change of

weapon with fierce firepower and good mobility.target characteristics and ammunition consumption

The damage efficiency of MLRS is determined byaused by time factor. The application to the dtass

factors such as shooting accuracy, targescenarios shows the validity of the time-constraint

characteristics, and amount of ammunition. Botinodel in damage efficiency calculation.

military and civilian scholars have done a lot of

fruitful work in damage efficiency, and presented

some methods for calculating the damag® THE USED DAMAGE EFFICIENCY

efficiency under different conditiod’, but the MODEL OF MLRS™

time-constraint caused by the target maneuver and

survival needs, have not been paid enough attentionEach MLRS needs to be assigned its target when

and given in-depth studying. With the advances ahe MLRS battalion fires at the grouping targets,

military technology, target characteristics havébut in the damage efficiency calculating, the blast

changed dramatically, especially in the targepoints are distributed evenly instead of actuastla

dimensionality, and the target distributionpoints. The damage efficiency is:

characteristics and target maneuver, which have a _[° [ - (1)

direct impact on the combat effectiveness of the Ry = L_, LQ¢(X_ fZ)R(X - 2)dxdz N

weapon systems and tactical choices. In addition, R'(x',Z) is conditional damage probability,

with modern reconnaissance technology improvingjained by formula below:

the ability to get information is distinct from the R(X,z)=1-[1-P'(x, 2)]"

past. The increasing transparency of the modern

battlefield brings convenience to the commanding

and information transportiff§ of the MLRS while o S wherx{< L, andZ{<L ¢

brings viability test too. Therefore, in order to P *:2)=14bsls

improve the viability of MLRS, the hostile 0 otherwise

counterattack speld and firepower preparing The damage probability of any single target

time must be taken into account while computingvhen shooting at gathering targets is:

the damage efficiency of MLRS.

For blast points obey uniform distribution, so:

s
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f
Which is equals to the damage probability -
of the group targets, so the damage efficiency probability.
can also be written as:

C L L T ©D) NS . »
Ry = @ ()@ (g2)A-e 7es) 1-g *Lsls is  conditional  damage
d

NSy

M (k) =6>(§)6>(;—§)(1—e ety (3 3THE TIME-CONSTRAINT DAMAGE
d ! EFFICIENCY MODEL OF MLRS
In which,L g, L, is half of the bombing point
uniform distribution in depth and front; 3.1 Time-Constraint Factors And Its Influence
382 K'-1_, On The Damage Efficiency Model Of Mlrs
Les = W/210"2 "2 UM Being a surface suppressing weapon, the MLRS
. - has many battle objects such as gathering effective
5 = /3sz L 1hf armored vehicles and self-propelled artillery. he t
2p 4 changeful battlefield situation, both the densify o
K, n is rear sight amount and direction number targets and the coverage of blast points are subjec
(gun number within a company) when firing. to the target maneuver. Clearly, the change oktarg
hx’ hz is the graduation of the adjacent rear dLmensionaIity will cause damage efficiency to
. o change.
sight and the graduation in direction. . To the gathering targets maneuver, we discuss
E'y, E', is error on behalf of intermediate the simple case in this paper. Assuming that the
error when firing at group targets. MLRS battalion commander obtains the target
E', = /Ej + 015212 information at moment, and organizes objectives
. 5 5 to be assigned and fired at (the gathering target
B =4Ef + 0152, dimensionality is rectangular and its size is

&(Ls )L is probability that error which 2L, x 2L, the target group move away form the
E'd Elf

obey the normal distribution falls in the evenly )
distributed blasting aref(|< L, and|z{< L ). rocket arrives at the target area at montehtThe

actual, means the coverage probability of the unit@rget dimensionality at momert; is changed
target in the area in which evenly distributed blascomparing with its initial state, as shown in fig.
points evenly distributed.

T X

MLRS position at speedf at the moment,. The

2LxS

V*dt

21L.zS

Y

Fig. 1 The Change Of Gathering Targets Position
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Area with horizontal lines and panes is the3.2 Time Constraints Caused By Opposed

original dimensionality at the momety , after Factors And Its Influence On Damage
Efficiency

serious test in
odern warfare with the use of a large number of

some time dt, .the Q|men3|onallty become_s to be the The viability of MLRS faces
area with vertical lines and panes. Obviously, th

ﬁ:ie?n;\lntgirr?s:seiznljlitchn?jriaevf/hg;{mt)eer:girJ)%ZIitto ?r? igh-tech reconnaissance means, and threats come
9 y Y- Mom  aerial  reconnaissance, moving target

the aptual shooting, the commander ISSUES rveillance radar, emplacements radar and %b on
operational commands that should be mostl

possible to make blast points evenly distributed iyf-hIS paper discusses only the change of damage

. i . o fficiency caused by viability need.
target dimensionality, so It's cllear _that the blas One of the important mobile operations means of
points can’'t cover the dimensionality entirely ag

h i 1D fici in thi LRS unit is receiving the mission and managing
shown in figure 1. Uamage etciency In this Cas€,, ¢.q in maneuver. The progress is maneuver-fire-
is lower compared to the conditions that grou

targets resting. By the formula (2) or (3), thestfir Mhaneuver-fire. At the present time, the phasedyarra

two items are the probability of blast point fagjin S(r)rlplag:;ggitsgrad:;gelgﬂlgﬁgg |na:‘rc1)(;e|955?(rr:1n~y5gifna

|t?1to thed't?rgetl dlmtgenbs'll.cinalllcty, and the Ia(ljs; &M 110 connaissance distance against MLRS, and has the
€ conditional probability of coverage and damag apacity of capturing multiple trajectory

ln th? ilustrated chase, It IS Cleatr thatththe gag? synchronously. This equipment can work about 25s
arget maneuver nas no impact on the conditiongg, .. boot-strap, and determine the coordinates of

probability, while has influence to the IorObabimyemission emplacements according to the rising arcs

of coverage. From the physical Sense, the Changekﬂgllistics, and has higher positioning accuracy to
probab|I|_ty of coverage of the target IS equal_he t position single artillery. Multi-gun salvo can
change in probability of the burst points falliny i g‘\troduce interference  and  cause  reduced

the dimensionality. As illustrated in the case o ositioning accuracy. Phased array emplacements

group target maneuver, to get the best dama Edar has a hi e
- . 2 gh positioning accuracy to MLRS
efficiency, the blast points distribution shouldsha hecause of its big configuring size and distance,

thg correspopdmg maneuver. The 'eff'ectlve bla%tspecially in the case of multi-radar networking.
point distribution is the overlap zone in fig. 1.

As shown in fig.1,L _ changes inte _ - Vdt /2 Assume that for a MLRS, it needsto complete

with the group targets maneuver, while paramete@e single shoot, needt,, to complete one

such as£'y , E', and L, are the same as thosevoIIey, needst, to complete a filing, needt to

change from marching state to battling state. Bo th
phased array emplacements radar, It nekgsgo

when group targets in still condition. The
probability  function gf) is a approximate

proportional function, so it is reasonable to cleang - .
the whole damage efficiency according to theCapture the ballistic trajectory and complete

change of effective blast points distribution area. posmonl.ng. To the firepower Ch?m of command
So we can solve the damage efficiency ofnd artillery units of enemy, it need§, to
gathering target with maneuver characters as th@wmplete a shoot. According to the current MLRS

following formula: tactical and technical criterion, it is unrealist@
R = S R = L'\ s*L' R fill for the next wave of firepower after complegin
Mg N Lt ! a volley at one position.

Obviously, The MLRS firing is subject to the

y ' ' )is the overlapped size of blast . . .
_S(L,XS'!_ZS_) , bp ““time constraints as follows because of survival
points distribution, the difference compared W'thconsidering:

original S(L,g, L,g) demonstrates the influence t

of the group targets maneuver on the effec'uveness.l_he constraints in the formula (4) determines

of blast points distribution. how much ammunition used of the MLRS, one
When the group targets move along other . )
L . . "shoot or multiple charge shooting. In other words,
directions, the method is the same as above, it ] . : .
' " the constraints determine the N in the coverage and

necessary to calculate the overlapped area size ap

multiply the original damage efficiency by the aat damage probability. With the advance in military

of the overlapped area to the original blast pointta‘eChnOIO.gy’. such constraints  will - be  more
C emanding in future.
distribution area.

Considering the actual situation, the constraint is

s
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+t <T +T. (5
b+ < Ty + 1, 4SIMULATION

The MLRS unit can not be implemented a volley

on the target without converting the position i€th 4 1 g mulation Conditions

relatjonship ex.it.s in fqrmula (5), therefore t.he A MLRS battalion carry out a suppress fire

maxim ammunition a single MLRS unit can fireq\yards group armored vehicles that 20000m away

must be decided before calculating the damagf,m the MLRS position. The battalion has three

efficiency, as shown in formula (6) companies and includes 18 MLRS units totally. The

n= im[Tp +T, _tc] &) group target dimensionality is 1000n1000m and
the destroy area of the armored vehicle is B0m

S . .
If the MLRS battalion fire in time-constraint The battalion error id = 60m,Ef =40m, the

condition, the total ammunition can be obtained byPread error i8d=6am Bf =40n.

multiply the n by the number of vehicles in the The MLRS’s conversion between fighting and
battalion. In particular, the MLRS should, as far amarching consumes 120s, and the first volley
possible, arranged in a large area land for sgcuriconsumes 30s, single shoot consumes 0.5s, and one
considerations. To gain the abrupt effect ofolley launches 60 rockets. The emplacements
firepower and improve the viability, the MLRS radar consumes 40s for capturing the ballistic
battalion should synchronize the emission to th#fajectory and positioning. The group target moves
greatest extent to form multiple ballistic trajetés apart from the position for extra 100m. it needs
to avoid the accurate positioning of the phase#lOOs for the hostile firepower to complete the

array emplacements radar. counterattack after positioning. The shooting
parameters obey the favorable firepower allocation
3.3 Damage Efficiency M odel With Time- method.
Constraints

According to the analysis in 3.1 and 3.2, torsol 4.2 Results And Discussions
the damage efficiency in actual battlefield According to the most favorable fire distributio
environment, the influence of group targetcalculation method™, the shooting parameters
maneuver on target coverage and the constraints #tfich as fired intervals, difference in distance and
firepower density due to viability needs should belamage efficiency was calculated without
considered. So the damage efficiency of the MLRSonsidering the time-constraints first. In time-

battalion can be defined as follows: constraints conditions, the maximum ammunition a
Ul = Lon L e (7) single MLRS can launch is 40 according to the
R =/R,,, :mq”(?l)q’(?ff)(l‘e =) formula (6). The graduation of the adjacent rear

N is the covering coefficient, which equals theSight a.nd the grgduatjon indirection need o be
' determined again with the new ammunition

ratio of overlapped area to the original area whegmount. Simulation results is shown in table 1 and
group target maneuver. fig. 2

Nmaxis the maximum ammunition the MLRS can
launch in actual action.

Tab. 1 Smulation Results Contrast

Interval in Difference in Ammunition Damage
direction/m/ distance/m amount/piece efficiency/%
Without time-
) 116 66 1080 10.74
constraint
Target
116 66 1080 9.67
maneuver
Confront
» 94 57 720 7.65
condition
With time-
94 57 720 6.88

constraint
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Fig. 2 The Distribution Of The Burst Point

As can be seen from fig.1, the actual targetesults showed the rationality and availabilitytiod
dimensionality in portrait is between -600m-400nmodel. A conclusion can be drawn that the MLRS
instead of -500m-500m, the rockets fall in 400mbattalion commander should consider not only the
500m district make no sense. This is coinciderihformation of the target but also the informatimhn
with formula (7) in physical meaning. The blastthe counterwork ability of hostile army to improve
point didn’t show the well-proportioned distribugin the damage efficiency and viability.
in fig.2 because of the randomicity of distribution To the change of damage efficiency caused by

As can be seen in tab.1, adjusting the shootintpe target maneuver, only simple case was analyzed
parameters is not necessary when consider tive this paper. In actual battlefield, the change of
group target movement only, and the change dérget position caused by maneuver is more
blast points coverage to target dimensionalitgomplex, and how to accurately measure changes
caused the damage efficiency decline obviouslof it worthy of further in-depth study.
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