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; This report explains the intimate relationship between firing tables ;

ff and the tochniques of firc used to attack targets. Probable error and :

ﬁ accuracy of fire are also explained. The differences between procision '%

g probable error and mean point of impact probable error are given and ;

b the influence of both of these crrors on accuracy of fire is demonstrated. g
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I. IMPROPERLY COMPUTED QUADRANT ELEVATIONS TO HIT TARGETS

For many years, fleld artillery firing tables have contained, in
their Introductions, the following statement: "Firing Tables contain
the data neccessary to arrive at the quadrant elevation and deflection
that will produce detonation of the projectile at the target when firing
under all conditions of weather and materiel." Until recently, this
statement has either been ignored or properly understood by Artillerymen.
Today, however, the statement is often quoted and is definitely misunder~
stood by some Artillerymen,

If the firing table user would continue reading the table Intro-
duction, he would find a deséription of the gunnery procedures approved
by the Artillery Community for the attack of targets. He would also see
by reading this Introduction, that the firing table is only one of the
roquired elements necessary to produce detonation of the projectile at
the target. The other clements are a function of the particular tech-
nique of fire being employed. Today, however, some users have choson
to ignore the approved techniques of fire and invent new techniques of

their own. One such technique is called, as we understand, the 'should
;? hit-did hit method of fire". This technique is somewhat related to the
é! determination of registration corrections, but it is conducted in a
difforent manner. The "should hit-did hit method of fire" coasists of
fixing the elevation of the tubo, firing several rounds and measuring
muzzle velocity, range, deflection and metoorological data. The measured
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ranges and doflections arc then corrected to the ranges and deflections
shown in the firing table for the same olevation, muzzle velocity and ~%
moteorological data. The difference bLetween the actual and corrected

rangos and deflections are, then, attributed to errors in the firing 4
tables,

% The most significant difforenco between this mothod and a registra- :
tion is the placing of the blame for the computed differonces, In the é
"should hit-did hit method of Eire" the flring table is said to bo in :
i error if there urce differences. Tn a registration, however, unknown
b vartations are ndmitted., The followlng stutements are contained in
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FM 6-40, Field Artillery Cannon Gunnery, page 21-3: !'"Corrections for
these unknown variations are included in the corrections determined from
a registration. For convenience, the total of the unknown variations
are grouped togethor and termed 'velocity error" (VE)."

One of these unknown variations is, of course, firing table error,
This error, however, can not be isolated from all of the other errors by
conducting either a registration or a firing using the "should hit-did
hit method of fire". The firing table error can and has been jsolated
by analyzing many firings conducted over many years. This analysis can
only be performed by the Firing Tables Branch who have access to large
amounts of firing data., If firing table errors are discovered by the
Firing Tables Branch, new firing tables are issued soon after such a
f discovery. In gencral, the firing table error is one of the smallest
i orrors that the Artilleryman must contend with,

I1. PROBABLE ERROR AND ACCURACY !

Probably the most misunderstood and misused quantity in a field
artillery firing table is the probable error., This is so because almost
all firing table users feel that probable error is the one quantity that

e i

R, ST

they do understand.
It may be that the Army definition of probable err:: is poor. The ;
definition does stato that probablé error is the value that any givon E
¥

error will as likely fall under as exceed; but what it does not do is
explain that there are many different kinds of probable error. By
different kinds we don't moan the probable errors in time, in range, in
dofloction, eotc. What we do mean is that there are proving ground
procision probable errors, psecudo-combat procision probable errors and
mean point of impact (MPI) probable errors. To further confuse the
issuc, MPI probable errors aro a function of the dellvery technique
usod to attack a particular targot.

potirie

e P e

A. DProving Ground Preclsion Probable lrrors ;

4 Most field artillery firing tables contain columns of range, Jeflecs

3 tion, helght of burst, time to burst and range to burst probablo orvors,
8




These prohablce errors we refer to as proving ground precision probable
errors. They are ''precision' probable errors because thoy give the
scattor of burst points about the mean point of impact (MPIj of a group |
of rounds fired from a single weapon on a single occasion. ‘Pleaseé note
that there is no mention of a "target" in this explanation of precision.
This is intentional since there is no attempt, when collecting pfgcisiqn
data, to "hit" a target. ' o

The term "proving pround' is contained in the name for these errors
because they are, indced, obtained from artillery range firings conducted
at proving grounds. This means that the firings are exceptionally well
controlled. Wind conditions are monitored and firings are not conducted
when wind speed exceeds predetermined values. The "on carriuge" fire
control devices are by-passed and more precise extornal devices are used
to insure that the azimuth and elovation of the weapon are malntained
during the firing. Human errors are minimized because professional
gunners are uscd and many double checks are made prior to the conduct of
the firing. Shell welght is measured for every round and propellant
temperature is maintained at a constant value for all rounds fired.

Tt has booen shown [Reference 1] that proving ground precision proba-
ble error (in range) can be expressed by the following equation:

pr 2 = P2 (%é_)z + PES (%é-)z N pn¢2 (g—})z
whero
PBx u probable error in range
PBV u probuble error in volocity
PBC = probable orror in ballistic coofficlent or drag
PE¢ = probable error in angle of departuro
§X

3V, € or ¢ = first derivative of range with respoct to muzzle
veloclty, bulllistic coofficient or angle of
departure.
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This expression is used to "fit'" all of the probable error data collected
during proving ground range f11ings. The "Fitted" expression is also

used to gcncrate the probable error data shown in the firing table. Please
remenber .that any "fitted" exptession does not reproduce the data points
used to create the oxpression exactly-.and, if the data roints are widely
scattored, Large difforences may exist between the data points and the
"fitted" exprossion. This is, in fact, very.oiten the caze with probable
error.data, . ) N -

LAY

B. DPsoudo-Combut Precision Probahle Ervors

By pseudo-combat, wo moan that the range firings are conducted by
trained artillery units, using tholr normul procedures in any firing
exercisc othor than nctual combat. While an artillery -1ait is not
nearly so interested in the scatter uf their shell about the MPI as thevy
are the scattor of thoir shell about the target, many preci.ion probable
errors have been computed from artillery unit firings and compared to
firing tablo values. This comparison sometimes reveuls significant
differences, and these differences, in turn, cause many users to doubt
the validity of their firing tables.

Let us start to list, however, the differences between the proving
ground and ;'seucdo-combat precision probable errors:

(i) Propellant tempercture 1s not maintained at a constant value
during artillery unit firings. This difference may influence the muzzle
velncity contribucion to the precision error.

(2) "On carriage” fire control devices are used to maintain tho
azimtth and olevation of the weapon. This difference may influcnce the
anglo of departure contribution to th. raiage probable error a.ad the

zimuth contribution to the dellection probable orror.

(3) Thore 1is a much better chance for human error In ar'illory unit
firings than in proving ground firings due to the cure taken during the
ntter, This difforence will also influence the angle of departure con-
tribution to the range probuble error,

'
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(4) Wind conditions are not restricted during artillery unit firings

and this, too could influcnce the probable errors obtained.

Looking now at the formula for psoudo-combat precision probable

error (in range):

2 2 2
2 . 2 &% 2 X 2 4K
PE," = (P, + PE, ) CGV) *+ PBo (GC) + (PE¢ + PE¢ * PB¢ ) (6¢)
PT HE FC
where
PBV = probable error in velocity due to propellant temperature
PT
> PB¢ = probable error in angle of departure due to human error
3 HE
E? PE¢ = probable error in angle of departure due to 'on carriage"
f FC  fire control
3 We have not attemptod here to isolate all of the individual error

: sources that contribute to psoudo-combat precision probable error. All
:ﬁ that we have tricd to do is show that proving ground and pscudo-combat
2 precision probable errors have different contributors., It should be
noted, also, that the "longoer" formula for pscudo-combat error does not
imply a "larger" orror than those shown in firing tables,

44 €. Mean Point of Tmpact Probable Brror

: MPI probable orror is defined as the scatter of MPI's about an aimpoint
5' (target). This is the first of our dofinitions that make mention of the

g target, and since certaln procedures or technique# aro used when we attack

i 8 target, this probable error is a function of those procodures or teche-

-: niques, thercfore, we have MPI probable errors for observer adjusted fire,

ﬁ MET + VI fire, K-transfor fire, ote.

3 When the observer adjusted technique is being used against an areu
%j targot, the bracket and halving method of adjustment is normally omployed
h until n 100 meter bracket is achioved. This brackot is thon split and

flre for effect is entered,  Sinee the rounds are not "aimed" aut the
center of the target, it is clear that an extra error is introduced over

and above the preclision errors discussed cariior.
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When the MET + VE technique is being used, a prior registration
(with it's assoclated error) is conducted and fire for effect is cntered
at a later time when met space and time variability, propellant tempera-
ture, ete¢, will introduce extra errors.

Mathematical formulae for these MPI errors have been developed and
published widely, and they will, therefore, not be reproduced here.

D. Accuracy of Fire

Very frequently, in answer to the question of how "accurate' are
certain weapons, individuals will look at the probable error value listed
in the firing table and quote this figure as ropresentative of the
accuracy of the weapon. Nothing could bo further from the truth, Accuracy
conslsts of both precision and MPI errors. Therefore, when quoting figures
for the accuracy of a weapon/shell combination, one should first state
tho technique of fire used and then give vither the precision and MPI
errors separately or the RMS (Root Mean Square) of these two values. As
an example of the difference botween these values, the following table is
given:

Weapon: 158mm lowitzer M109

Projectilo: 155mm Projectile M107
Technique of Fire: Observer Adjusted
Charge: 7

Redius of Target Adjusted Upon: 25 meters

Range Probable rror - Moters

maters | Preeision [ MPI | Accuracy (RMS)
2,000 10 43 44
6,000 19 47 51
10,000 29 51 59
14,000 42 87 71
)
12
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This toble illustrates the reasons why some Artillerymen fail the
Artillery Truining Tests (ATT) conducted by artillery units who have
completed their schooling. The criterion for passing these tests is the
placement of rounds from several different fire missions in a '"box" eight
range probable errors long and éight deflection probable crrors wide,
This certainly sounds like a very gonerous cized hox, but the fact is
that the box is constructed using precision probable errors rather than
accuracy probable errors. In our example above, for instance, the box

i

would be 152 metors long for a target at 6,000 meters range, but, in
fuct, it should bhe 408 moters long if an eight probable error box is

S P WEE R vy P - Lo

desired.

IIT. FUTURE FIRING TABLE: IMPROVEMENTS

fe Ik e i e,

When today's fiold artillery firing tables are used with toduy's
approved delivery tochniques [as deseribed in FM 6-407, accurate fire

can be brought to bear on targots,

Such o statomont can only be mado bocause today's approved delivery
techniquos recognize that many errors (both precision and bilas errors)
exist and these tochniquos are designed te minlmize these errors. The
techniques nre not dosigned to produce first round hits, nor does the
statement above infer thot such hits can bo achioved.

Since toduy's approved delivery tochniques arc designed to discover
and eliminato "bins" type ervars, the Firing Tubles Branch could, in good
conscience, relax in tho expectation that any errors it introducos will be
eliminatoed in the fiold., Such rolaxntion, unfortunately, is not warranted
by the facts,

Wo sympathizo with the Artilleryman's desire for "first round' hits
and we huve soveral offorts underway which are destipned to bring the
Artilleryman closer to this gonl. Not only do we conduct studies on the
design of o better Clring table ranpe firing oxperiment so that blas crrors
will bo minimizod, but we niso monitor the Yatest developments in hardware

for field use (lasers, muzzie velogity chronographs, ote.) in an effort

13




to study the impact of these devices on field artillery delivery
techniques.

In summary, then, if the Artillerymuan uses approved delivery
techniques and understands the probable errors given in firing tables,
he should not find it difficult to bring fire to boar on targets. And
further, if the Artilleryman could participate in the current studies

being conducted by the Firing Tables Branch, even more accuraie fire
would certainly result.
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