Rifled Artillery Identification from Projectile
Fragments Using ArcCalc

Using smart phone application to identily field artillery.

By David Poche

The smart phone application called ArcCalc can be used to identify rifled
artillery from measurements of the impressed rifling found on projectile
fragments. Rifled artillery from both sides possessed sabots that took the
rifling of the rifle barrel. Typically, the sabots were made of a soft metal (lead,
brass or copper). Wrought iron and, even wood, hemp and papier-maché were
also used.

Android and Apple ArcCalc apps are available from Play Store (for Android)
and the Aps Store (for I0S). Both applications are called ArcCalc and are
identical, even though the authors are different.

ArcCalc was first introduced in my webpage article: "Quick Way to Estimating
the Diameter of Spherical and Elongate Projectile Fragments”.

Using ArcCalc, the arc length (AL in the figure below below) can be
determined for a single pair of impressed rifling lands and grooves (L and G))
found along the sabot of the projectile.

The arc length is found from the measured chord length (CL) and the radius
of the projectile. Using these results the total number of lands and groove
rifling sets that can be fit abound the sabot can be estimated. This can then
be used to identify the firing rifle.

The arc length of a single set of rifling lands and grooves will always be larger
than the chord length and is a better estimate of the number of total land and
groove sets around the circumference of the sabot.

The total number of land and groove sets can be used to identify the firing
rifle.



AL = Arc Length on Sabot
CL = Chord Length from Calipex
R = Radius of shell

Sabot of typical 3 lands and groves rifling on the end of a rifled
projectile. Using ArcCalc, the Arc Length (AL) of a single pair of
rifling lands and grooves found on the projectile’s sabot can be
found from its measured Chord length (CL) and the radius of the
projectile. Using these results the total number of lands and groove
rifling sets can be estimated. This can then be used to identify the
firing rifle.
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Finding the total number of Land and Groove sets:
C = Circumference of the sabot of the projectile and m = 3.14159

D

Diameter or caliber of the projectile
N = the total number of Land and Groove sets around the circumference
(L+G) = the arc length of a single Land + Groove set

Note: The value of L+G is found from ArcCalc with the cord length measured by caliper of
L+G.

C = 1D = N(L+G)
Solving for N (total humber of L+G sets around sabot)
N = D/(L+G)

The value of N then can be used to identify the firing cannon.

An Interesting Example

Two Confederate Read pattern shell bases were found on the Federal side of
an 1864 battlefield in Virginia. One of the bases showed some damage to its
sabot on hitting the ground but still showed a single land and groove set
from the rifling of its firing cannon.
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Diameter: 2.96 inches
Sabot copper ring




Typical Confederate Read pattern projectile from a Virginia
battlefield. Note the lathe dimple found in the center of the projectile
base.

Read Projectile direct caliper diameter measure of 2.96 inches at
bourrelet. Projectile radius (used in ArcCalc) =2.96/2=1.48 inches

The chord length of a single let of rifling lands and grooves set was measured
with a caliper and found to be 1.27 inches. The cord length and radius of the
projectile (half of its diameter) were input into the ArcCalc application and the
arc length of the set was calculated to be 1.313 inches.

Chord Length measured with callpers§
along rifling impressiom on sabot




CLEAR CALCULATE
Angle (Degrees): 50.8151
—> Radius: 1.48
Arc Length: v 1.313
—» Chord Length: 1.27
Tangent Length: 0.703
Middle Ordinate: 0.143

Segment Area: 0.122
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Sector Area: 0.971

The L+G chord length value (1.27) and the measured radius (2.96/2) can be
used in the above equations to obtain the estimated total number of land and
groove sets (N) that could be fit abound the circumference of the sabot using
the calculated L+G arc length (1.313):

N = mD/(L+G)

N = (3.14159(2.96))/1.313 = 7.08 sets

Interestingly: The Confederate 3-inch Rifle had possible rifling patterns of
5, 6, or 12 lands and grooves sets.
The Federal 3-inch Ordnance Rifle had a single rifling of 7 lands and grooves.

The Confederate Read projectile was fired from a captured Federal 3-inch
Ordnance Rifle.




Using the chord length solution will always give a better estimate of the total
number of sets than using the arc length.

Artillery projectile expert Peter George has suggested that the typical
“windage” of a projectile in a rifle bore is 0.1 to 0.04 inches less than the bore
itself. This allows the projectile to move freely in the bore.

Thus, from the example above the rifle bore was 3 inches, the estimated
projectile diameter (“windage diameter”) would be in the range 2.90 to 2.96
inches. These would yield an ArcCalc arc length range of 1.302 to 1.328
inches.

In our example the calculated arc length was 1.313 lies within this range. If
one compares the arc length ranges from the chart below over all rifles in the
2.9 to 3.3-inch bore range, the only rifle that fits is the 3-inch Federal
Ordnance Rifle.

The Method

Use the direct caliber method (as above) or one of the methods from the
website article ("Quick Way to Estimating the Diameter of Spherical and
Elongate Projectile Fragments”.) to determine the diameter of the projectile
fragment.

Input the radius (measured diameter value/2) and the estimate of the chord
length of a single land and groove set on the projectile fragment into the
ArcCalc application. This should produce the arc length of the land and groove
set.

Compare this value to the arc length ranges ("windage diameter range") in
the chart below for all bore values near the measured projectile diameter. The



firing rifle identification and the total number of lands and groove sets (N) are
found on the same row of the chart.

Common Rifled Projectile Diameter | L+G sets | ArcCalc Arc Length

Field Artillery Rifles Bore Min Max N Min Max
Blakely "small" Rifle 6 pdr CSA 25 2.40 2.46 67| 1.257(?)| 1.288(?)
Wiard Rifle 6 pdr uUs 2.6 2.50 2.56 8 0.982 1001
Parrott rifle 10 pdr (cast iron) us 29 2.80 2.86 3 2.932 2995
Parrott Rifle 10 pdr (cast iron) CSA 29 2.80 2.86 3 2.932 2.995
Blakely Rifle 9 pdr CSA 29 2.80 2.86 6 1.466 1457
Parrott rifle 10 pdr(cast iron) us 3 2.90 296 3 3.037 3.100
Parrott Rifle 10 pdr (cast iron) CSA 3 2.90 2.96 12 0.759 0.775
Confederate Rifle (cast iron) CSA 3 2.90 2.96 12 0.759 0.775
Confederate Rifle (cast Iron) CSA 3 2.90 286 6 1518 1550
Confederate Rifle (cast Iron) CSA 3 2.90 296 5 1.822 1.860
Ordnance Rifle (wrought iron) us 3 2.90 296 7 1.302 1328
Parrott Rifle CSA 3.3 3.20 3.26 7 1.436 1463
Parrott Rifle CSA 3.3 3.20 3.26 5 2011 2.048
Confederate Rifle (bronze) CSA 33 3.20 3.26 7 1.436 1463
Confederate Rifle (bronze) CSA 33 3.20 3.26 5 2.011 2.048
Blakely Rifle 12 pdr (steel) CSA 35 3.40 3.46 7 1.525 1553
Blakely Rifle 12 pdr (steel) CSA 35 3.40 3.46 6 1.780 1812
Sawvyer Rifle 6 pdr uUs 3.67 3.57 3.63 6 1.870 1901
Parrott Rifled 20 pdr CSA 3.67 3.57 3.63 5 2.243 2.281
Parrott Rifled 20 pdr us 3.67 3.57 3.63 5 2.243 2281
Rifled 6 pdr (bronze) uUs 3.67 3.57 3.63 6 1.870 1901
Rifled 6 pdr (bronze) uUs 3.67 3.57 3.63 7 1.602 1629
Rifled 6 pdr(bronze) uUs 3.67 3.57 3.63 8 1.402 1425
Rifled 6 pdr(bronze) us 367 3.57 3.63 9 1.246 1267
Rifled 6 pdr (bronze) us 367 3.57 363 10 1.122 1140
Wiard Rifle 12 pdr uUs 3.67 3.57 3.63 8 1.402 1425
Blake ly Rifle 16 pdr CSA 3.75 3.65 3.71 6 1911 1943
Rifled Napoleons us 38 3.70 3.76 10 1162 1181
JamesRifle 14 pdr(bronze) us 38 3.70 3.76 7 1.661 1687
JamesRifle 14 pdr (bronze) us 3.8 3.70 3.76 10 1.162 1181
JamesRifle 14 pdr{bronze) us 38 3.70 3.76 15 0.775 0.787
Blake ly Rifle 18 pdr CSA < 3.90 396 6 2.042 2.073
Ordnance Rifle (wrought iron) us 45 4.40 446 9 1.536 1557
Napoleonrified 12 pdr us 462 452 458 10 1.420 1439
Confederate Rifle (cast iron) CSA 462 452 458 10 1420 1435

Author Note: The above article is based upon discussions with Civil War artillery expert Peter
George. | am deeply indebted to him for these discussions and the sharing of his knowledge.
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