W{e] & P S PR 4 2R 58 B (e e T ) BR B AR 2
The utility of MVVWEAR 1n enhanced muzzle velocities
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In “Enhancing Muzzle Velocity Management,” Army and Marine captains from
the Fort Sill Gunnery Department identified current knowledge gaps across the field
artillery in regards to the enhanced muzzle velocity mode used by the Advanced Field
Artillery Tactical Data System ( AFATDS ) and Digital Fire Control Systems (DFCS ).
Most of the confusion concerning the new system revolves around the MV Vwear term,
which 1s often conflated with tube wear or simply not understood at all. This article will
elaborate further by first defining the type of muzzle velocity data that MVVwear
represents, then demonstrating how this data 1s determined and applied, and finally by
assessing 1ts current and future utility in meeting the third requirement for accurate
predicted fire: accurate weapons and ammunition information.
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A measured Muzzle Velocity Variation (MVV) developed through firing contains
all 14 factors that affect muzzle velocity. Traditionally, only propellant efficiency
(PEMVVior) and tube wear (measured as a shooting strength or in equivalent full
charges (EFCs) were included in the predictive calculation for an MVV. The other
factors were either averaged out by firing six usable rounds, or ignored because they are
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preventable through good training and supervision, or were simply too difficult to
measure. Assuming the unit follows proper procedures and accurately accounts for tube
wear through pullover gauge (POG) measurements and predicting EFCs, the remaining
factors are captured in the MVVior (PE) measurement.
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The enhanced muzzle velocity system attempts to 1solate and quantify some of these
factors from the MVVLOT value yielding a new term called MVVWEAR. MVVWEAR is
the effect, measured as a change in muzzle velocity, of machining tolerances in chamber
and tube construction.
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“In a new tube, the size of the powder change and the interior dimensions of the
bore” can cause non-standard muzzle velocities wherein  “a variation of 4 meters per
second between the cannon developing the greatest muzzle velocity and the cannon
developing the lowest muzzle velocity would not be unusual.” °
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The differences in tube and/or chamber construction 1s represented by the MV Viwear
term and can be determined with the enhanced system.

* Less than six rounds could be used, with decreasing assurances of validity, MCRP 3-10E.4 Chapter 10,
pl0-6 (TC 3-09.81 Chapter 10, p10-4) .

* A third case includes those that are measureable, but the increased accuracy is negligible and therefore
does not justify the measurement. Projectile temperature 1s an applicable example.

> MCRP 3-10E.4 Chapter 3, p 3-8 (TC 3-09.81 Chapter 3, pp 7-8 )
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Calculating MV Vwear

MVV(Measured )= MVVee( Measured ) + MV Vior{ Unknown ) + MV Vwea( Unknown )
The fundamental problem in determining MV Vwear 18 that the equation yields two

unknown variables with no easy method of 1solating one in order to determine the other. In

order to 1solate the two variables, MVVs must be measured across multiple propellant lots

and a relative comparison can be made by assuming that the average PE of a sufficiently

large sample of lots 18 zero. In other words, if a howitzer fires a large number of lots and

the all of the PEs it measures average to a large positive number, it 1s more likely that this

howitzer simply fires faster than the standard howitzer.
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An example best illustrates the principle. Suppose a brand new howitzer arrives at a
unit. Given it has not yet fired its first round, its shooting strength is zero.6 In this case the
howitzer' s powder chamber was constructed slightly smaller than the standard howitzer
and 1t therefore fires 1.0 m/s faster than the standard muzzle velocity. If this howitzer then
fires several rounds from six different lots of propellant, whose PEs average to zero, then
the data might appear, see table below.
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Note that the average PE 1s zero. However, because the DFCS does not yet know
what 1ts MVVWEAR value 1s, it assumes MVVWEAR i1s zero, so to the DFCS the data
will actually appear as in the table below.
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Because the PEs average to +1.0 m/s and the DFCS assumes they should average to
zero, 1t strips out the +1.0 and stores it as MV Vwear, rightly assuming that the one meter
per second bias 18 due to the howitzer firing faster than the standard. This method only
works 1f the howitzer fires a sufficient number of different lots in order to achieve an
appropriate sample size. Six lots 1s suitable per the assurance of validity table.7
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0.0 1.0 -2.3 -1.3
0.0 1.0 1.2 2.2
0.0 1.0 1.5 2.5
0.0 1.0 -0.3 0.7
0.0 1.0 -3.9 -2.9
0.0 1.0 3.6 4.6
Average: 0.0 1.0
Shooting MVV,..q MVV .
Strength R (PE)
0.0 0.0 -1.3
0.0 0.0 2.2
0.0 0.0 2.6
0.0 0.0 0.7
0.0 0.0 -2.9
0.0 0.0 4.6
Average 1.0

The term MVVwear derives from how this initial bias affects the wear curve of a
howitzer. Tube wear still causes a loss in muzzle velocity in all cannon tubes® 1n
approximately the same way, depicted below by the “standard wear curve.” In essence,
a variation in a tubes initial conditions ( tolerances in new weapon systems )  shifts this
curve up or down by a specific amount (MVVwear ) , producing the “actual wear

" MCRP 3-10E.4 Chapter 10, p10-6  (TC 3-09.81 Chapter 10, pl10-4) [EIfE#ERR 7 FH A DL/ NS 58
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curve.” The figure below represents a positive MV Vwear value.9
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Errors in MV Vyear

The underlying assumption that allows the system to capture the magnitude of
tolerances 1n new weapon systems 1s that the average variation of PEs across many lots 1s
zero. This assumption may not be warranted given the incorrect muzzle velocity of the
Charge 1L (propellant model M231) , degradation of propellant lots over time, and
reported 1nconsistencies with Charge 1L when firing the M795 family of projectiles.
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The standard muzzle velocity for M231 Charge 1L is incorrect in the Tabular Firing
Tables by approximately -2.0 m/s. This 1s reflected in the procedures for predicting an
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” Note: MV Vuwesr can change over time: the DECS will compare future MVVLOT values determined
during firing and can update the original determination. However, the DFCS will have to fire a large
quantity of new propellant lots and the updated value will have to significantly differ from the original

estimate. The procedure used has a low likelihood of changing the original MVVWEAR value.
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MVV for 2L, which requires that “from 1L data” one must “apply a +2 m/s
correction.”  Averaging the most recent Modular Artillery Charge System PE tables
confirms this bias and actually produces an average Charge 1L PE of -2.4 m/s.10 Due to
the error in standard muzzle velocity, any unit predominantly firing Charge 1L during its
first six lots will likely produce an MV Vwear value that 1s negatively biased. Because of
the incorrect MV Vwear value, all future MV Vior measurements determined by the DFCS
will be affected. This effect 1s likely to occur for units that tend to fire on smaller
installations with limited opportunities to fire higher charges.
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While more empirical data 1s needed, the general experience of most fire direction
center Marines and Soldiers 1s that PEs tend to be more negative than the published list.
While the causes may not be definitely known, it seems unlikely that propellant will
somehow gain efficiency over time. Rather it 1S much more likely that humidity,
temperature, storage procedures and handling procedures combine to degrade PEs,
especially over prolonged periods. Some older lots of M231 propellant have produced
astonishingly negative PEs, some as extreme as -25 m/s.11 Should any of these older lots
be present during the firing of a howitzer s first six lots, the MV Vwear value would be
heavily biased and very likely inaccurate.
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Finally, another general report from field artillery units 1s large variability in firing
the M795 projectile family with Charge 1L and 2L..12 Recently India Battery, 3rd
Battalion, 11th Marines reported a discrepancy in MV Vier data while firing coordinated
illumination missions. The fire direction officer (FDO) discovered that all four of their
howitzers determined an average MVVier of -6.4 m/s when firing the M485A2
illumination projectile, which 1s in the M107 projectile family. Yet, those same four
howitzers determined an average MVVier of -12.3 m/s when firing M795.13 More
empirical data 1s needed in this case as well, but it 1s not uncommon for units firing M795
with M231 propellant to report measured MV Vior values in the negative double digits, far
below that of the published tables and significantly different from the same lot when firing
other projectile families.

ef%  MSCE R S — 1 — At 5 - DL 1L R 2L ZEZE5 8 MT95 2 51h
DRI - VRIS 11 BERERE - 55 38 1[0 Eah IR s
MVV sitss BB 2= R - 5T84HE (FDO) S IRMFIAYIUFIFEREfE ST 5 M48TA2
HEHH5E A2 MVV #itse fy-0.4 SRFD » Bt 2B M107 M5 Z51 - 280 » [ElEk
FIVHP RSB M795 fEsHES - 23 MVV #tgeRlE-12.3 Sk/FD - iEfE g th a2
F M EEIE - EEIBER S A M231 S35 8E5 82 M795 fs = H i fir
HEE MVV sl AR B ERNHEREVEUE - BRI EHL RN A [E] £251
R TR A R 22 52 -

The utility of MV Vwear

Even if one assumes a reasonable accuracy in measuring MVVWEAR values, the
utility of capturing this value still remains in question. In reality, the principle benefit of
determining MVVWEAR 1s not to allow a unit to fire more accurately, but rather to
determine more accurate PEs. When conducting calibrations in basic mode, MV Vwear was
never individually accounted for, yet units managed to accurately meet the third
requirement for accurate predicted fire. All of the muzzle velocity data was simply
captured in one term  (MVV) . The enhanced system even further reduces the need for
MV Vuear, as 1t begins calibrating with the first rounds fired and continues to calibrate with
each subsequent round. Without an MV Vwesr, all remaining muzzle velocity data 1s simply
captured in MV Vior. It does not matter to the firing unit where the data 1s captured, as
long as it 1s captured and applied the howitzer will fire accurately.
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If the capturing the total MVV allowed units to fire accurately, then the utility of
determining MV Vwear appears to be diminished, but stripping out this value 1s still useful
in that 1t produces a more accurate PE. However, 1f this PE 1s not useful in some capacity,
then 1ts accurate determination 1s not necessary. The only use for this PE is to provide the
most recent propellant lot data to other units, who may choose to predict muzzle velocities
for a more accurate first round until the unit begins firing rounds and determines its own
PE data. The problem with this practice 1s that 1t 1s not often used for two reasons: Most
battalions and regiments do not currently track PEs14 and when they are shared many
units do not trust the values, preferring instead to simply fire and measure their own data.
To borrow from the field of economics, the marginal benefit of producing and applying
slightly more accurate PEs for only one round fired  (the first round on a new lot)  does
not appear to justify the relatively large cost of managing and tracking the measured data
on a large scale. This 18 especially true when units already have access to PE data from the
established tables.
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In the case where a unit does use a PE determined from another firing unit  Cor the

" The 10th and 11th Marine Regiments have recently updated their muzzle velocity management policies

in an effort to track PE data.
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published PE tables ), the unit cannot transmit the predicted data to the DFCS before it has
fired 1ts first six lots. Any forced MVVier from AFATDS to the DECS will reset the
counter on the DECS for the six lots it needs to determine MV Vwear. The 1rony 1s that if a
few units develop largely accurate PEs for many lots, other units who have not yet fired
six lots will simply force the PEs to the DECS 1n an effort to be as accurate as possible on
the very first round and delay their own ability to determine MV Vwzar.

& EP AR A A AY PE (BCHFRAY PE M) - BLEDATE S ERUH /S {EHE
SRS FE I FEHIEHE 45 DFCS » 1€ AFATDS 58381 MVV stye{Hiis 2 DECS >
RHHE DECS & THERE MVV EsEfr F /S EHALSRAVE TS EE - JARIEYE » A
S/ DAL Ry SKECERERY PE B0 25 LSR8 » HAt M R AT B /(B SR 8 BEA (€
&K m R PE 58%(#m A DFCS » DUHAZE nIsEZ 53— RS & > WIEELRS
SKELMVV mafyEE

Consider that the validity of the MVVwear measurement entirely rests on the
assumption that six randomly fired lots will produce PEs that average to zero; this
assumption rests on the fact that the published PE tables average to zero. If howitzers with
MV Vuwear values determined in this way later on measure any PE that departs significantly
from the PE tables, then its MV Vwear value accuracy 1s automatically suspect, because it
conclusively demonstrates that the tables do not actually average to zero. In other words, if
The battery was firing M231, Lot GDB04H-072295, Charge 2L. The PE table value for
the charge and lot 1s -2.0. The 10th and 11th Marine Regiments have recently updated
their muzzle velocity management policies in an effort to track PE data. the current tables
are accurate and stable over time, then there 1s no need to measure Pes. If they are not
accurate, then MVVwear values are being determined incorrectly and the PES being
determined are not accurate. Finally, if the PE tables truly are accurate, then why aren’ t
they simply stored in the DFCS as permanent MV Viwor data? If there is an institutional
acceptance that the values 1n the table are subject to change, then the initial premise for the
validity of the MV Vwear calculation is at best questionable.
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The determination and application of MVVwear has unnecessarily caused a large
amount of confusion in the fire direction community. The calculation of the value is
entirely tied to an assumption that, pending further empirical data, may prove to be
unreliable. In real world terms, there 1s little value added to the unit, which only cares that
muzzle velocity data 1s captured and saved by lot. It matters very little if the MV Vior value
1s truly the PE, or also contains captured data from the other factors that affect muzzle
velocity. In terms of data collection, the process of updating PE data provides little utility
when units are willing to accept a small amount of inaccuracy on the very first round fired,
especially given a system that will immediately begin calibrating with each round fired.
This risk may be larger if units are experiencing severely negative PEs, but 1if this is the
case 1t only buttresses the case against the calculation assumptions for MV Vwear.
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No matter the utility of MV Vwear, 1t 1S vitally important that units use the current
system as designed 1n order to gather data for further analysis. No conclusive case can be
made 1f units do not fire digitally with the enhanced muzzle velocity system. Artillery
headquarters units should establish muzzle velocity management policies that track all
MVVuwear and MV Vior data within the unit and all accumulated data should be submitted
to the Fires Center of Excellence aboard Fort Sill, Okla.
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The way forward

In order to better account for the third requirement, the community needs to update
the Charge 1L standard muzzle velocity, develop and consolidate as much firing data as
possible in order to determine the validity of the PE tables over time, and assess any
potential problems with the M795 projectile family. Simple tests can be conducted by
training and force units to accomplish this collection. However, it 1s incumbent upon unit
leaders to ensure data collection occurs under as ideal conditions (meeting the five
requirements ) as possible. With the right data, it is entirely possible that the issues
presented here are unfounded or affect the determination of MVVwear by a sufficiently
small magnitude that the procedures for its computation still remain valid. Assuming these
1ssues are validated, then the assumption concerning average propellant lots may no longer
hold true.
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If this 1s the case, two options remain: disregard MV Vwear and allow those values to
be trapped in the measured PEs, or find a new method for determining MV Vwear, one that
relies on a different assumption. On this second option there exists another possibility for
the measurement. Instead of assuming the average PE of a significantly large sample of
propellants 1s zero, 1t may be more reasonable that the average MVVwear value of a
significantly large sample of howitzers 1s zero.
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Each howitzer coming off of the assembly line may fire slightly faster or slower than
the standard howitzer, but the average change across many howitzers should be zero. In
this assumption, there seems to be no reason for a negative bias like there 1s for the PEs. If
this is the case, then a battery of six howitzers (or any larger unit) can fire one lot of
propellant and compare each howitzer s PE measurement with the average of the
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battery’ s PEs across all howitzers and the difference may be stored as the MV Vuwear
value. Again, an example best illustrates the principle. As before, assume that shooting
strength 18 zero to simplify the problem. Also suppose that the battery has drawn one of
the propellant lots with a an extreme PE of -15.0 m/s. Notice that the MV Vwear value of
the howitzer will influence the PE, which produces a battery average PE of -15.0 m/s.
Each howitzer then compares its measurement to the average in order to determine its
MV Vwear value.
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Swongth R e MW
0.0 1.0 -156.0 -14.0
0.0 -1.0 -15.0 -16.0
0.0 0.6 -15.0 -14.4
0.0 -0.3 -16.0 -156.3
0.0 -0.6 -15.0 -15.6
0.0 0.3 -15.0 -14.7

Average: 0.0 -15.0 -15.0

In the example above, the first gun actually measure -14.0 m/s, but the battery
average PE 1s -15.0 m/s. The gun can therefore imply that because it is shooting 1 m/s
faster than the battery average PE, its MVVWEAR must be +1.0 m/s.

ey Ealtaaf] - 5—PIRERANE B-14.0 m/s » (HEE#FHY PE B -15.0 m/s.
2 AT S E DR 1 m/s > BIEZIEZ MVV EER+1.0 m/s.

Given that this method does not suffer the drawbacks of the current average PE
assumption, 1t may be a more accurate method for determining MV Vwear, although
empirical testing 1s required. It does suffer from a practical drawback however, namely
that the DFCS does not have access to the information it would require for the calculation
of MV Vwear. Because each howitzer operates independently, it does not know what PEs
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the other howitzers are firing and therefore cannot determine the battery average PE.
Furthermore, the validity of this method 1s reduced when less than six howitzers are able
to fire and determine data. A method like this would have to use the AFATDS to receive
the battery PE information and transmit that data to the howitzers.

277494 H AR~ PE freseaVaies - B R EE M - B E
TEE MVV e SE AERERY 0% < ZRTAE FE ] _ERIFE HdRG - B DECS W5 5E MVV
pE PR AV E R o FHN BB E T o RIS e R HAt S B2 R K EHY PE > (RIEE
AN E 2 AV PE o M B AR BB DI/ » 377 A AE SRR - Bt
— 775 A AFATDS 2k #2478 PE &aH - 0% B Fm s KAl -

A system change such as this, even if needed and desired, cannot be accomplished in
the short term. For units concerned about PE issues and determining MV Vwear, there 1s an
option available now to work around the problems. All new tubes should be

‘calibrated”  as quickly as possible. This is not a calibration in the manual sense,
however, using the DA Forms 4982-1 and - 1-R. Instead, units should attempt to draw six
different and relatively new lots of M231 and fire multiple rounds (ideally six ) on
charge 2L from each lot under controlled conditions in order to develop as accurate an
MV Vwear value as possible.15 This calibration should also be conducted on howitzers with
suspect MV Vwear values (it may be necessary in these cases to delete previous PE data ) .
By calibrating the MV Vwear value under controlled circumstances, both MV Vwear and
future MV Vior values should be more accurate.

ROFEESA R B - SEUI LAY A S B A R R BN 52k - B EE R
PE B4 MVV gy BEAL - A — (&2 o] DU R - FrA i B 1 e R B i [
ACIE ) o {HER M DA Forms 4982-1 K-1-R = A\ TIRARF IEIES: » T2
BEFE N M231 AHEERTAVILSRAE 2 P28 0r 4 T > DL 2L e 8258 (ARSI T
By 6 2%) o DUFEEATREMEMEHE L MVV gl - "% MVV puasds vl 5en =i
—H[ERAE—T77A (REEFATRE VAR DARTHY PE 808 ) - SR 2R PR
IERIMVV psE(E > @R MVV EHEEL MVV s (E #ERZ 5 AR -

In manual gunnery procedures, units were able to meet the third requirement for
accurate predicted Fires, but were far less efficient than i1s now possible and those
procedures were unable to 1solate every variable that contributed to the total MVV.

" According to FTaB' s PE Tables, Charge 21 s average PE is closest to 0 (+0.1 m/s) and,
disregarding charge 1L, has the smallest standard deviation (1.5 m/s) . Charge 4H is next preferred
charge for this procedure. Additionally, if problems with the M795 projectile family are validated, the

M107 projectile family should be preferred.
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Meeting the third requirement in the enhanced mode 1s far easier and faster than ever
before, but the FA must ensure that reliance on the digital system does not create
complacency in knowledge, skills and procedures, especially when there exists doubt on
the validity of MV values which are so vital to accuracy in Fires. The enhanced MV
system should be leveraged to employ accurate first round fire for effect for maneuver,
especially with new lots of propellant. Maneuver commanders have little interest in the
technical aspects of achieving first round fire for effect. As artillerymen, it 1s our duty to
provide those effects no matter the conditions. Collecting the data 1s absolutely crucial to
solving this problem and to more accurately meet the third requirement for accurate
predicted fire.

TE N TIREFL IS BEAZ e o - BRR R A e e ZERETEIDK 7 (B3E5E 6+ A &KE
SO 856 =IRT0R - R RR AR T - HEUAIRREEZL MVV 48
HAVEEEE - DU = i e 28 = THEREE DR & s 5 Hats » 5
BRI AR A Be B EE IR R 248 - 1 RERFEA YR ~ Rigefifigry - LHAE
¥ MV {HEVESUEFAEREHRT - B IIHTREAERE ZRIEE - NIRRT MV %
A B SRR S — Sk an o o U (S AR SR B AR o B TELE
HEH RO —a R AR EE » & T - (E/E L - fitm
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Capt. Michael Wish 1s the Artillery Training School director of the 11th Marine
Regiment and serves as the regimental fire direction officer. Previously, Wish was a fire
direction officer and platoon commander with Sierra Battery, 5th Battalion, 11th Marines,
and an executive officer for Tango Battery 5/11th Marines, deploying to Afghanistan with
both units. He recently finished a tour as a gunnery instructor at Fort Sill, Okla.
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