T he Joint Readiness Training Center
(JRTC), Fort Polk, Louisiana, has
timeand again showntheeffective-
ness of enemy mortars during search and
attack operations. Thefire support coordi-
nator (FSCOORD) must usetheQ-36 Fire-
finder radar tokill thesemortarsfor hisbri-
gade. Careful positioning of the radar in
such aheavily wooded environment maxi-
mizesitssurvivability and enhancesits abil-
ity to acquire mortars. The result is in-
creased force protection for the brigade.

Thisarticlediscusseshow to position the
Q-36 radar to increase the probability of
detecting the enemy’s mortars in wooded
terrain.

Positioning. The FSCOORD must posi-
tion the Q-36 to accomplish the mission.
Staff officers’ misunderstanding position-
ing and failing to integrate the radar war-
rant officer (WO) into the planning pro-
cess have made this a difficult task.

Also, the Field Artillery community has
yet to define the operational requirements
of the Q-36 for many of themissionsfound
in light, low-intensity operations, such as
the detection of a solitary mortar near the
radar. Instead, we have focused on the
traditional linear battlefield and the detec-
tion of indirect fire weapon systems far
beyond the forward line of own troops
(FLOT). Wehavetaught radar technicians
and FSCOORDs that radar positions must
meet certain technical requirements for
successful operations, based on thistradi-
tional battlefield. In actuality, the radar
often can complete its mission in a light,
wooded environment without meeting
these “linear battlefield” requirements—
albeit with somewhat degraded detection
probabilities and increased target location
errors (TLES).

During traditional light infantry search
and attack operations, the FSCOORD's
primary requirement lies in finding 82-
mm mortarswith afiring range of approxi-
mately 3,040 meters. These mortars, usu-
ally used in guerrilla-style raids, often lie
within seven or eight kilometers of the radar. Dense vegeta-
tion, asmall areaof operationsand many other assetscompet-
ing for terrain reduce the number of doctrinally “perfect”
locationsfor the radar. Using some trigonometry and knowl-
edge of theradar’ smission, we can determineactual position-
ing requirements and usually increase the number of radar
sitesavailable.

When a radar technician examines a site to position the
radar, hetriesto maximizetheradar’ s performance by taking
into account various positioning suggestions or requirements
found inthe Q-36 radar specificationsandin FM 6-121 Field
Artillery Target Acquisition. One suggestion involvestrying
to keep the radar at least 200 meters away and slightly uphill
from the nearest screening object to the radar’s front to
minimizemulti-path errorsthat decreasetheradar’ srangeand
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accuracy. If we position the radar within 200 meters, these
multi-path errorsincrease, and we must accept degraded radar
operations (decreased detection probability and increased
TLE).

We must remember, though, that 200 meters is not some
magic distance where the radar ceases to work, but is a
“default value’ assigned to maximize the radar’s perfor-
mance. FM 6-121 uses this same idea of a “default value’
when discussing another positioning suggestion involving
minimizing the radar’ s mask angle.

FM 6-121 definesmask angle as“thevertical anglefromthe
radar to the top of the mask, or screening crest, at a given
azimuth.” Accordingto the FM 6-121, the mask angle should
not exceed 30 milsand should optimally equal 22 mils. But the
manual doesn’t explain why. Mask angles under 30 mils

January-February 1999 ¥ Field Artillery



optimize the performance of the radar out to its maximum
range of 24 kilometers. Mask angles near 22 mils allow this
optimum performance yet still provide enough screening to
help protect the radar from detection and jamming from
ground-based enemy electronic intelligence (ELINT) sys-
tems.

During operations in heavily wooded areas, though, the
radar often must emplacein small clearings. These clearings,
while affording a more protected radar, usually cause large
but relatively constant mask anglesover thefull search sector
of the radar. According to FM 6-121, large mask angles
greatly inhibit the effectiveness of the Q-36.

Assuming we orient the radar in the right direction, three
other factors impact whether the radar observes an enemy
round or not: the range to the observed indirect fire weapon

Field Artillery ¥ January-February 1999

system, the maximum ordinate of the
roundsit firesand the amount of time the
rounds spend in the radar beam. If the
terrain alows a mask angle under 30
mils, these factors will not significantly
affect theradar out toitsmaximumrange.

The Q-36 was designed to track and
acquiremost mortarsonly betweenranges
of 750 metersand 12kilometers. Atranges
greater than this, the Q-36 will detect
fewer and fewer rounds, and theroundsit
does detect will haveamuch larger TLE.
These effects are due primarily to the
decreasing signal strength of the return-
ing radar signals. If we have mask angles
larger than 30 mils, the radar, while de-
graded, may still observe rounds.

We must analyzethe other threefactors
mentioned to determine how much the
mask angle degrades our operations. To
do this, we use amodified version of the
track volume computation found in ap-
pendix H of FM 6-121. Thetrack volume
computation letsthe radar technician de-
termineif the radar can observe artillery
rounds if he knows or assumes the Q-36
mask angle, the location of the artillery,
theartillery muzzlevel ocity and the quad-
rant elevation fired by the artillery. Our
version of the calculation applies prima-
rily to mortars and uses slightly different
assumptions.

Mortar Detection Calculations. We
first assume a range to the indirect fire
weapon system and the maximum ordi-
nateit fires based on the mission, enemy,
terrain, troopsandtimeavailable(METT-
T). For light operations, we use the maxi-
mum range of 3,040 metersfor an 82-mm
mortar and choose a typical maximum
ordinate of 1,000 meters. For thetimethe
round spendsin the radar beam, we make
a worst-case assumption that applies to
almost all indirect fire weapons systems.
The Q-36 needs to track a round as it
ascendsonitstrajectory for approximately
two to six seconds to accurately deter-
mineaweapons' location. Thehigher the
radar tracks the round on its trajectory, the more TLE we'll
have.

To makethingsworse, the Q-36 specifications state that the
target round’ svel ocity should beat | east 50 metersper second
during this full six-second track to separate the round from
radar clutter. To achieve avelocity of at least 50 meters per
second whileinside the beam for six seconds, the round must
enter the beam traveling about 100 meters per second verti-
cally (alowing for some horizontal velocity as well). This
causes the vertical length of the track to be, at a minimum,
approximately 400 meters long.

It'simportant to remember that the mortar round’ s signifi-
cant horizontal component of velocity usually causes the
track lengthsto bequiteabit longer than this. We usethe 400-
meter track length as our worst-case scenario.
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The one formula we need involves the tangent function
tan(). (See Figure 1.) Trigonometry defines tangent as the
side opposite to some angle x divided by the side adjacent to
angle x in a right triangle. If we know the lengths of the
opposite and adjacent sides, we can determine what value x
must have, using the inver se tangent or arctangent function,
tan (), where x = tan (opposite/adjacent). Note that all but
the simplest calculators will compute these functions.

Opposite
Side
X
Adjacent Side
_ Opposite
Tan(x) = Adjacent

Figure 1: Tangent Function Formula

Now we ask, “What mask angle can we accept and still
detect an 82-mm mortar?’ Asshownin Figure 2, therangeto
the maximum ordinate of the mortar round, which we assume
to be approximately the range to the mortar, represents our
adjacent sidefor theformulainFigure 1. Notethat for artillery
weapon systems that have a much flatter trajectory, we can’t
assume the maximum ordinate is approximately equal to the
range of the weapon.

The maximum ordinate of the round minus the 400 meters
theroundtravel supintothe beam, makesour oppositesidefor
the formula in Figure 1. This side equals the height of the
bottom of theradar beam at therangeto theround’ smaximum
ordinate. Theradar automatically adds 15 milsto theinputted
mask angle and places the bottom of the beam at thisangleto
ensure it clears all screening crests. The angle of the bottom
of the beam represents our angle x.

Now, using the arctangent function we can determine our
acceptable mask angle as 15 mils.

Mask Angle

Maximum Ordinate - 400m .
=17.78tan" ~15 mils

Range to Maximum Ordinate

Thel7.78 convertsfromdegreestomils. Substituting values
from our exampl e, the allowable mask angle equals 183 mils.

Allowable Mask 1000m - 400m . .
| =" | -1 Is=1 I
Angle = 17.78 tan [ 3040m j S mils = 183 mils

This means we can place the radar anywhere with a mask
angle below 183 milsand still detect the mortar out to arange
of 3,040 meters.

We might also wonder, “At what range can we detect the
mortar if our radar hasacertain mask angle?’ By invertingthe
equation for the “ Allowable Mask Angle” and remembering
that the range to the maximum ordinate approximately equal s
the range to the mortar, we get the following formula.

Maximum Ordinate - 400m

Range to
Maximum Ordinate = e (Mask Angle +15 milsj

17.78

For our example, assume our radar technician finds a posi-
tion with amask angle of 120 mils. Therefore, we can detect
the mortar out to a range of 4,500 meters.

Approximate 1000m - 400m  4500m
Detectable Range i 120 mils +15 mils
to Mortar = Bl 17.78

Top of Radar Beam

Bottom of Radar Beam

-
P
-

Range to Maximum Ordinate

Figure 2: Example Scenario. The 82-mm mortar’s maximum range is 3,040 meters, and it was fired at a typical maximum ordinate of 1,000 meters, which

results in a 400-meter Q-36 track length.
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survivability and enhances his probability of detecting mortars.

Q-36 in Bosnia. The formula in this article gives the radar WO positioning options for radar

If we enter this formula into a spread-
sheet with various values for the maxi-
mum ordinate and mask angles, we get a
table showing detection ranges for indi-
rect fire weapons (see Figure 3). The
radar technician and the FSCOORD can
use thistable or one like it to determine
the applicability of various radar sites,
given the mission of the radar.

The table does not eliminate the need
for the radar warrant to perform a thor-
oughanalysisof hissiteusing either track
volume computations from FM 6-121 or
the new Firefinder position analysissys-
tem (FFPAS) to begin fielding in mid-
1999. FFPA Sisacomputer program that
enables the operator to fully analyze his
position based on aterrain database, vari-
ousthreat weapon characteristicsand ra-
dar operating conditions. It provides a
very accurate estimation of the expected
detection probabilities and TLEs the ra-

Max Ordinate (Meters)
10 4.07 24.00 24.00 24.00 | 24.00
30 2.26 13.57 24.00 24.00 | 24.00
50 1.56 9.39 24.00 24.00 | 24.00
70 1.20 7.17 19.13 24.00 | 24.00
90 0.97 5.80 15.47 24.00 | 24.00
110 0.81 4.86 12.97 21.08 | 24.00
130 0.75 4.19 11.16 18.14 | 24.00
150 0.75 3.67 9.79 15.91 22.03
170 0.75 3.27 8.71 14.16 19.60
190 0.75 2.94 7.84 12.74 17.65
210 0.75 2.67 7.13 11.58 | 16.03
230 0.75 2.45 6.52 10.60 14.68
250 0.75 2.25 6.01 9.77 | 13.52
270 0.75 2.09 5.57 9.05 12.53
290 0.75 1.94 5.18 8.42 | 11.66
310 0.75 1.82 4.84 7.87 10.90
330 0.75 1.70 4.54 7.38 | 10.22
350 0.75 1.60 4.27 6.94 9.61

Figure 3: Q-36 Radar Detectability Range of Indirect Fire Weapons
(Kilometers). The maximum range of the Q-36 is 24 kilometers;
however, the radar reliably can detect 82-mm mortars only be-
tween the ranges of 750 and 12 kilometers. The shaded portion of
the table indicates ranges outside of the Q-36 specifications for
detecting mortars where itis technically possible to detect a mortar
but with a greatly increased target location error (TLE) and greatly
reduced detection probability. This table is used only as a “rule of
thumb.” It does not substitute for thorough site analysis using
manual (Track Volume) or automated (Firefinder Position Analysis
System) methods.
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dar can expect from each site. But even
though the table in Figure 3 is simply a rule-of-thumb and
doesn’t providethefull accuracy of the FFPAS, it doesallow
theradar warrant to quickly determineif he can detect enemy
mortarsfrom hisposition. Thisallowshim greater flexibility
inpositioning hisradar and increaseshisradar’ ssurvivability
without significantly decreasingitsability to acquiretargets.

When we redlize that the positioning requirements of the
Q-36 depend asmuch on the mission requirementsasthey do
thetechnical aspectsof theradar, we can increasethe surviv-
ability and potential of the radar significantly. The radar
warrant becomes much less constrained when positioning the
radar to accomplish hismission, and he gains accessto more
survivable positions. Simultaneously, he increases the prob-
ability of his radar’s detecting mortars and protecting the
force.
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