Fullbore Bullet Update: 2009

By: Bryan Litz

There have been several interesting developments of Fullbore bullets in the recent past
(.308 caliber bullets that weigh less than 156 grains intended for International Fullbore and
Palma shooting). This article will take a look at the new offerings from Sierra and Berger as well
as some options available in continents other than North America.

The Design of Fullbore Bullets

The design of bullets intended for Fullbore competition is quite limited in most regards.
The caliber of the bullet is fixed to .308” and the weight is restricted to less than 156 grains.
Since the cartridge is also dictated by the rules of the contest (.308 Winchester), the muzzle
velocities that can be achieved are limited to a maximum of around 3000 fps. Apparently the
only thing that really distinguishes the ballistic performance of the various Fullbore bullets is
their profile, which determines aerodynamic drag. The efficiency with which the buli2togive
parts the ai to make way for the bullet, and the effectivenesshaf boat tail atreducing base
drag are the onlylesignfactors that really sethe modernFullborebullets apart

Inherent precision (usually referred to as accuracyis another extremely important
attribute that will determine your success with a particular bullet. The inherent precision is
mostly dictated by the quality of manufacturing. In modern times, the precision level for the
various brands of bullets is really quite good and the biggest difference among them is their
ballistic performance, which comes down to design. This article will not address the inherent
precision of the bullets being considered, only the ballistic performance.

Assessing Ballistic Performance
The first and most important step in any performance analysis is to decide what
measure of merit you care about. In the case of Fullboreb ul | et s, it’s wind def
the bullets are well made and capable of precision (which is a safe bet with most modern match
bullets), the bullet with the least wind deflection will make the wind readers job easier, and
tend to produce the highest scores.
As mentioned above, the only difference among the various Fullbore bullets is their
shape,sincet he cal i ber and wei g hthe 185 geain f30 calbeat bullet | t ' s
with the lowest drag profile will have the highest Ballistic Coefficient (BC) and the least amount
of wind deflectiorfrom a given muzzle velocity

Inordertocalculat e t he bullet’s wind deflection, yo
velocity. We can assume that all the Fullbore bullets are capable of around 3000 fps muzzle
velocity and that any difference in bambhlistic
meani ngf ul analysis, you need accurate inform

have always been in question due to the different methods of determining them, and the fact

that they’  re someti mes used a&isperfo@ankeet i ng poi n
compari son, BC'"s should be measured with a co
a meaningful compari son. The performance dat

for each bullet, using the velocity and time of flight measurement technique described in
[REF1]. It should be noted that my method of BC measurement is repeatable within +/- 1% and



produces results that are in agreement with several other published and credible sources
including [REF2], [REF3], [REF4].
For modern long range bullets with long noses and boat tails, the G1 standard projectile
is not the proper standard to use for defining BC. Rather, the G7 standard projectile is a much
better match. Defiemi @ BtCdrsdamd rred uletn ei n 0B (

G1 Standard Projectile G7 Standard Projectile sensitive to velocity than the

classic G1 standard. For
‘ > example, the 155 grain Berger
VLD has a G1 BC that varies from

Figure 1. The drastic difference in the projectile shapes is 0.465 (@3000 fps) dovx{n t?
why G1 BCo6s vary so much with | 0402(@1500fps), whichisa
a good match for long rang@ge Wba 14%variance. However, if you

nearly as_much with velocity. define the BC of that same bullet

based on the G7 standard, the G7 BC goes from 0.228 (@3000 fps) down to 0.223 (@1500 fps),

which is less than a 3% variation. Clearly there will be less error introduced into ballistic

cal cul ati ons b ythaywill be @ed to beeerat® 31l of BhEfollowing ksallistic
performance dat a. Average G1 BC's will be gi

The bullets
The bullets presented here are all of the Fullbore bullets that were available to me for
testing. Exclusion of any particular bullet is not intentional. The bullets are listed from top to
bottom, in order of decreasing BC.
Scale profiles are provided which show the relative shape and proportions of the bullets.
Remember t hat t hefileithelohlyehing tisat separdteethem &dm eqahr
other. Notice that the bullets at the top of the list are longer, in particular they have longer
noses than the bullets near the bottom of the stack. Nose length is a very important factor in
drag reduction.
The sectional density (SD) is given for each bullet, and is the same for all the bullets
shown except for the 155.5 grain Berger FULLBORE bullet. Sectional density is the bullets
weight (in pounds) divided by its caliber squared. For example, the SD of a 155 grain .308
caliber bullet is: (155/7000)/0.308 = 0.233 Ib/in®. (Divide grains by 7000 to get pounds) The SD
of the 155.5 grain bullet s 0.234 Ib/infbecause it’'s 0.5 grains heavi
The next metricinthecharti s t h e forin tadtdr, B, tefersnced to the G7
standard. The form factor is the ratio of drag for the bullet compared to the standard bullet.
When we say the BC is referenced to the G7 standard, what we mean is that the form factor
(shape factor) is referenced to the G7 standard. If a bullet shape has less drag than the G7
standard projectile, then the form factor, iz, is less than 1.0. On the other hand, if the bullet has
more drag than the G7 standard projectile, then the form factor is greater than 1.0. G7 form
factors of less than 1.0 are quite rare for Fullbore bullets, and there were only 3 bullets tested
that exhibited such low drag.
The next item listed is the bullets G7 BC. This is simply the bullets sectional density (SD)
divided by the G7 form factor. fabul | et has a form factor that’'s
be greater than its sectional density, and vice-v e r s a . The G7 BC' s are ave
fps to 1500 fps, and there’'s very little vari



Modern Fullbore bullets
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Berger 155.5] apua 155 Scenar, HBC BJD, New Sierra, Berger VLD, PMP, Old Sierra, Horng
sD i G7 Gl Wind Retained
! BC | BC | Deflection* | Velocity**

Bullet
> 0.234| 0.988| 0.237| 0.464 91. 0| 1304 fps
Berger 155.5 Fullbore

> 0.233] 0.988| 0.236| 0.462 91. 6| 1299 fps
Lapua 155 Scenar

> 0.233| 0.989] 0.236| 0.462 91. 6| 1299 fps
155 HBC BJD (Australia)

0.233| 1.018| 0.229| 0.447 95. 9| 1258 fps

Sierra 155 Palma (2156)

> 0.233] 1.039| 0.225] 0.439 98. 5| 1234 1ps
Berger 155 VLD

> 0.233] 1.041| 0.224| 0.439 99. 2| 1228f1ps
155 PMP (South Africa)

> 0.233| 1.092| 0.214| 0.417 106 . ] 1165 fps
Sierra 155 Palma (2155)

0.233| 1.100| 0.212| 0.415f 108 . | 1152 fps

Hornady 155 Amax

Figure 2. Ballistic performance comparison for 8 Fullbore bullets.

*Wind deflection is for a 10 mph crosswind at 1000 yards

**Retained velocity is at 1000 yards. Both wind deflection and retained velocity
assume 3000 fps muzzle velocity and standard sea level atmospheric conditions.




The G1 BC's are given only as a point of r
3000 fps to 1500 fps, but they vary a lot more with velocityt han t he G7 BC’ s.

The performance metrics to the right of the double line are wind deflection for a 10 mph
crosswind at 1000 yards, and remaining velocity at 1000 yards. Both metrics assume 3000 fps
muzzle velocity and standard sea level conditions.

Last year | presented results for 3 of the above bullets. Due to the ongoing, repeat
testing, the assessments have been adjusted slightly. The chart above is the cumulative
assessment of these bullets based on multiple tests done to date, as of April, 2009. The G7 BC
that are differentf r om | ast y e §REF1],JREFA]amsl REF&)are:nt s (

The Berger 155 VLD lowered from 0.228 to 0.225 (-1.3%)

The Sierra 155 (2155) Palma increased from 0.213 to 0.214 (+0.5%)

The Lapua 155 Scenar increased from 0.234 to 0.236 (+0.8%)

Although testing the bullets on multiple occasionspr oduces sl ightly diff
running average is a more reliablenumberb ecause it’s baseedThen more n
updates are relatively minor, and don’t resul

The top 3 bullets tested are the Berger 155.5 FULLBORE, the Lapua 155 Scenar, and the
155 grain HBC (of Australian origin). These 3 bullets have practical | vy 1 dent i c al BC’ s,

within the measurement uncertainty of my testing.
The Berger FULLBORE bullet is an extremely inherently accurate bullet. It was used to
win the 2008 US Palma Individual Trophy at Camp Perry (450-26X) as well as set the midrange
(iron) National Record of 450-3 9 X . Berger’'s advertised BC’'s ar
The great ballistic performance of the 155 Lapua Scenar is no secret to many shooters.
It ' s phleteydanahead of the rest until only recently when some of the newer offerings have
become available from other companies. Lapua advertises a G1 BC of 0.508 for this bullet. My
measured G1 value at 3000 fps was 0.497 which is only a 2% difference at high speed, but the
averageBC of this bullet over 1000 yards is 0.462; much lower than the advertised high speed
BC.
The Australian HBC BJD bullet was a surprise (for me). A friend sent me some from
down under to test out of mutual curiosity. The bullets have an aggressive secant ogive and a
long 7 degree boat tail which is a splendid combination that results in very low drag. To my
knowl edge, there is no BC advertised for this
among the best ballistic performers in its class. HBGstands for High BCand BJDstands for Bob
and Jan Dyer who make the projectiles. Bob and Jan's company is "R & J Sportsgoods" which is
based in Darwin and the projectile is availab
within Australia. Those i nterested can find an appropria
http://nraa.com.au/members/members.html
A commonly used performance measure is wind deflection in a 10 mptrosswind at
1000yardsFor the top 3 bullets, the wind defl ecti
respectively, which is practically identical ballistic performance. They reach 1000 yards with a
very healthy ~1300 fps remaining in standard atmospheric conditions, assuming 3000 fps
muzzle velocity.
Next on the list is the new Sierra Palma bullet (2156) which has a very much improved
BC over their old Palma bullet (2155). The new Palma bullet has only been out a short time, but



http://nraa.com.au/members/members.html

has already proven itself in international competition. In September 2007, the US Rifle Team
used this bullet to win the Spirit Of America International Fullbore Rifle Match at the NRA
Whittington Center in Raton, NM. The bullet was so new that they were delivered directly to
the range, and the coaches swapped out the bullets from the ammo that the shooters brought
to the match! The winning result is a testam
performance, but also to its inherent accuracy in so many rifles with no load development.
Note that my average measured G1 BC for this
advertised values is 0.446, which is practically identical.
The Berger 155 VLD is next on,thsHesignhowst . @)
represents just another option since the introduction of the superior 155.5 grain FULLBORE
bullet. Note that the Berger VLD is the only bullet on the list of Fullbore bullets that is also
classified as a hunting bullet.
The 155 grain PMP bullets are made in South Africa, and were provided to me for
testing by another good friend. PMP stands for Pertoria Metal Processingnd the samples |
tested were from lot# 66. The bullets seem very similar in dimensions to the old Sierra Palma
bulet (2155) with the exception of the very sma

samples |I tested measured only 0.052” -in diam
pointed)bullet. | " m not aware of t he aultied measursd®@is BC of t
where it's expected to be according to the bu

The old Sierra Palma bullet, which saw heavy use in international competition by many
countries, now finds itself near the bottom of the list of ballistic performance. A very inherently
accurate bullet and a very good option for short and midrange matches, this bullet simply lacks
the design to compete with the superior ballistic performance of the more modern offerings at

long range.

The Hornady 155 Amax comes in just below the old Sierra. The plastic tips insure very
consistent BC’s, but are not sharp enough to
its design lacking. The short boat tail is too steep at 13+ degrees to achieve significant base
dragreduction and the ogive is very short. The com
deflection and the bullet barely remains supersonic at 1000 yards. If Hornady wants to offer a
better Fullborebul | et , t hey’ | | have to t ustamdingt2@ a desi g

grain Amax which has a longer shallower boat tail, and a longer ogive for drag reduction.

Analysis
So now that the raw results (BC’'s) have be
of it? The sterile wind deflection in a constant 10 mph crosswiretiformance metric is kind of
useful, but what does it mean in terms of points in a match? Is there a real, practical difference
bet ween 91.6” vs 95.8” of wind aebtanftheoce?P i on, or
To attempt to shed some | ight on this ques
The results of a model are only as accurate as their inputs. The bullet performance can be
modeled accurately, but how do you model a shooter, and the effects of bullet performance on
score? The way | ' \Jsa&tatistitelty.sAdallistits progampveslabpedtdr t hi s
run for 20 shots. On each shot a different wind uncertainty is applied to model the effect of an
imperfect wind judgment by the shooter or coach. The idea is that the better performing
bullets should resultinf ewer | ost p oi deflededlbsebg agived windt hey ' r e



Running this simulation multiple times can reveal how much difference a certain performance
advantage can make to a shooter’s score.
The shooter will be modeled as being capable of holding X-ring elevation. (Specifically,
the standard deviation of t-@sandarthdevintioesiss/- gr oup i
57, and r epr e sdence intervaltfon @nor@abd¥tributom)f |
For the purposes of generating equal conditions for the various bullets, a crosswind
uncertainty of +/- 2 mph is applied. (Specifically, the standard deviation of the
shooters/ coach’ s @aHh)ilnlother wordd, tbe crosswind uncertaimtydis i s 1 m
modeled to be less than 2 mph for 19/20 shots.
The following figure shows a visual representation of one of the groups under the
defined conditions and uncertainties. The numeric values given for each case show the min
score, max score, and average score that was simulated for each bullet over the course of 100
simulated matches.
Some of the

Results of Simulated 20 shot matches

interesting things to
note about Figure 3
are related to the
statistical nature of
the simulation. For
example, notice that
the high score shot
with the new Sierra
and the Berger VLD is
1 point higher than
the high score shot
with the slightly
higher BC bullets at
the top of the list.
This goes to show
that over the course
of 100 matches,
possible to shoot a
higher score with a
slightly inferior bullet

This is an example target showing the horizontal stringing of shq Pecause of the

Bullet G7 BC | High | Low | Average statistical nature of
Berger 155.5, Lapua Scenar, HB{ 0.236 | 197 | 183 | 1928X | €rror.
New Sierra (2156) 0.229 | 198 | 183 | 191-7X Also note that
Berger 155 VLD 0.225 | 198 | 181 | 190-7X | theaverage score
PMP (Africa) 0.224 | 197 | 182 | 191-7X | goesfrom 192, down
Old Sierra (2155) 0.214 | 195 | 179 | 1887X | to 191, thento 190,
Hornady Amax 0.212 | 196 | 179 | 1887X | back up to 191. This
Figure 3. Simulated scores based on +/ - 2 mph of crosswind uncertainty. is another symptom

of the statistical nature of uncertainties in shooting. Having a slight advantage in BC does not



guarantee asuperior scorelust look at the range from high to low score for any given bullet;

there’s more than 10 points difference for a

between the bestand worst ballistic performers is only 4 points. The take away from this

exercise is that although the higher BC bullets do stand to yield slightly higher scores on

average, the fact remains that all the bullets are .30 caliber, 155 grains, and leaving the muzzle

around 3000 fps. These facts dictate the majority of the bullets ballistic performance. The

di fference i n pBQftihlaitngs tchaeu sbeud lbeyt t o achi eve

wort hwhile, real, and will yield benefits in
A final thought regarding the modeling and scores: if the wind uncertainty were

modeled as +/- 1.5 mph instead of +/- 2.0 mph, the average score for each bullefgoes up a solid

4 points. In other words, if the shooter or coach can refine their ability to judge crosswind by

only 0.5 mph (from +/- 2.0 mph to +/- 1.5 mph) that makes as much difference in average score

as going from the lowest BC bullet to the highest.

Results of Simulated 20 shot matches Of course

overall performance
is maximized by
optimizing each
component in the
system; meaning that
the best approach is
to shoot high BC
bullets andwork on
improving your wind
reading skills. As with
many endeavors,
striving for balance is
key. Success is
achieved when you
take a well rounded
approach, with a true
understanding of the
relative importance
of each factor, not by
considering one

This is an example target showing the horizontal stringing of sh( element or another to

Bullet G7 BC | High | Low | Average | be all importantto
Berger 155.5, Lapua Scenar, HB{ 0.236 | 190 | 167 | 1804X | the exclusion of the
New Sierra (2156) 0.229 | 193 | 164 | 1794X | others.
Berger 155 VLD 0.225 | 189 | 164 | 1774X
PMP (Africa) 0.224 | 189 | 161 | 177-4X | What About F-class?
Old Sierra (2155) 0.214 | 189 | 159 | 176-3X The above
Hornady Amax 0.212 | 188 | 154 | 1753X | Eullbore bullet

Figure 4. Simulated scores based on +/ - 2 mph of crosswind uncertainty. analysis was geared

specifically for the NRALR pronet ar get writhga 207" XG0classtargetg , et c.



has smallerinnerr i n g ®hvious that the smaller rings are more sensitive to small errors
than the | arger rings of the prone target. F
target may be a 9 on the F-class target. So the question is; how much more sensie is the F

class target to a difference in ballistic performance compared to the prone tameton

sense suggests that you should be able to resolve a bigger advantage in score for a given
ballistic performance advantage, but how much

Results of Simulated 20 shot matches For this

simulati on, we
consider the
shooter/coach to
have the same wind
reading ability as the
prone scenario (95%
of crosswind calls are
within +/- 2 mph), but
we' ' Il tighten wu
precision a bit for the
Fcl ass shooter.
assume the shooter
and their equipment
iscapableo f ~57"
groups, which is
extremely good.
The results in
Figure 4 show the
same information as

Figure 3 had for the
This is an examplarget showing the horizontal stringing of shots prone target. The

Bullet G7 BC | High | Low | Average | first thing to notice is
Berger 155.5, Lapua Scenar, HB{ 0.236 | 198 | 188 | 1948X | that the average
New Sierra (2156) 0.229 | 198 | 185 | 1937X | scoreis about 12
Berger 155 VLD 0.225 | 199 | 185 | 1937X | phoints lower. This is
PMP (Africa) 0.224 | 198 | 185 | 1927X completely expected.
Old Sierra (2155) 0.214 | 198 | 182 | 191-7X | \What may come as a
Hornady Amax 0.212 | 196 | 184 | 1907X | rprise is that the

Figure 5. Simulated scores based on +/ - 1 mph of crosswind uncertainty.

advantage of the
KAIKSNI ./ odZAtSGa AayQid YdzOK Y2 Nbthelpid® T2 dzy R (i K
target, there was only 4 points separating the average score for the worst BC to the best BC.
On the F-class target, 5 points separate the best from the worst.
Why is that? Well, think about how a target works. It measures accuracy using scoring
rings. Increasing the number of rings on a target increases the targets ability to resolve a
difference in accuracy / ballistic performance. To look at it another way, an accuracy
improvement is more likely to registeron a target with more rings because the area of the
target is broken up into finer segments. The fact is that the F-class target only has 1 more ring



than the prone target, so it’s not real/l
where the additional ring is (beyond 10"
same size,t h e yust woeth 1 less point. T h at ’ tee awarhgy score goes down so much,

but the range of scores is similar.

Of course this result/conclusion is specific to the simulation parameters. The variables
that were chosen resulted in shots being scattered all across the target face, and the small
effect of the additional innerr i n g wargisportaht. What would happen if the simulation
were re-run with less wind uncertainty? If the shots were only scattered from 9 ring to 9 ring
instead of out to the 7 ring, would the smaller inner rings be more important? Figure 5
contains the results of the F-class simulation being run for % of the original wind uncertainty
(+/- 1 mph of wind uncertainty rather than +/- 2 mph).

As you can see in Figure 5, the average scores are all higher; a result of less wind
uncertainty. However, the relative advantage of the higher BC bullets is still far from a
landslide. In fact, the difference is still only 4 points from best to worst.

This final analysis re-enforces that superior ballistic performance is helpful, and will
result in higher average scores in the long run, but the difference between the highest BC
option and a mediocre BC is certainly not a decisive element by itself, regardless of how difficult
the conditions are.

Fullbore Bullets in Service Rifles

For those who choose to use 155 grain bullets in one of the .30 caliber service rifles, one
of the big concerns is remaining supersonic at 1000 yards. The shorter barrels and reduced
chamber pressures that the s er vkihgowihr reducedd!| e
muzzle velocities, and often times the b
Some bullets don’t suffer terribly from
possible to predict how the different bullets will react to transonic speed, so a good policy is to
try to stay above the speed of sound (~1120 fps) and avoid the potential problem.
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The 30 caliber service rifles have barrel

down to 20" ( M1 1 OulocitythaBcanrb®@erpectediflom analoftizede gervice
rifles with a 155 grain bullet is around 2740 fps. At this muzzle velocity, some of the bullets will
have a very hard time remaining supersonic. Table 1 shows the remaining velocity of each
bullet at 1000 yards, assuming 2740 fps muzzle velocity. Retained velocity is shown for

30 cal ServiceRifle: Retained Velocity standard sea level

Bullet Sea Level | 3000 ft ASL | conditions and for
Muzzle | 1000 yards| 1000 yards | standard conditions

Berger 155.5, Lapua Scenar, HE 2741fps | 1134fps 1246fps at 3000 feet above
New Sierra (2156) 2741fps| 1100fps 1209fps sea level. Note
Berger 155 VLD 2741fps | 1084fps 1188fps that at sea level, 95
PMP (Africa) 2741fps | 1081fps 1183fps degrees F, 100%
Old Sierra (2155) 2741fps | 1050fps 1127fps humidity, the air
Hornady Amax 2741fps| 1044fps 1117fps density is the same
Table 1. Retained velocity at 1000 yards as the standad air

density at 3000 ft. In other words, on a typicalsummer day at Camp Perry (95 deg, 100%
humidity, sea level), you can expect the retained velocities in the 3000 ft ASL column.



Notice that in standard sea level conditions, only the 3 highest BC Fullbore bullets reach
1000 yards with (barely) supersonic velocity from the service rifle. All others fall short.

However, if you go up in altitude or it’s jus
it to 1000 yards with supersonic speed. All of the velocities in Table 1 were calculated using the
G7 BC’ s. Using G1 BC’'s to calculate remainin

in a significant overestimationof retained velocity.

Stability for Modern Palma Bullets

The accepted standard barrel twist rate for Palma/Fullborer i f | es has been 1:
decades. Do these new, longer bullets require more twist for good stability? The short answer
i'S no. The old (shorter) bull et &ns bubthelnev get a
| onger bullets require every bit of the 1:13"
and according to stability:peédoctilong, 57t wa
work successfully in most conditionsfr om a 1: 13" .

As with most well made moder n Fllhode bukets s , it
from barrels having faster than 1:13” twists.
success with 1:10", 1: 1 1 stertwist badels ke tHisZiVesybuwi st b a
the option of wusing heavi er abulétweightlmiti N cont es

Conclusions

We '’ v e t ak e nFullaorelbuwlatskromate mdjohbeands as well as a couple
options that are less well known (in North America at least). There appears to be a significant
range of ballistic performance ( B C Hosvever, that apparent separation of ballistic
performance is not as decisive as it may seem. According to the simulation, the highest BC
bullets are only good for a small increase in average score, leaving the shooter/coach to bear
the burden of wind reading. The purpose of placing restrictions on Fullbore equipment is to put
shooters on an even playing field so that the best shooter/team wins as opposed to a contest of
superior ballistics. Despite the existing range of ballistic performance in the various bullets that
are eligible for International Palma and Fullbore competition, the basic spirit of the contest is
still very much intact.

It was interesting to see that the F-class target was not able to resolve the ballistic
performance advantage any betAvaagescbrébsawvare t he ‘' bi
much lower on the F-class target, but the point spreadwas not much different. This
observation holds for easy conditions as well as difficult conditions.

.30 caliber service rifle shooters may care about the ballistic performance of the various
155 grain bullets from a retained velocity point of view. There may be an important benefit of
selecting the highest BC bullets for this reason. The benefit may not be directly related to wind
deflection, but remaining supersonic may be more important.

Finally, stability requirements were reviewed for the longer generation of Palma bullets.
Theoldstand-by 1: 13" twist is sufficient, although
heavier bullets if you choose a faster twist.
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