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ABSTRACT

Six consecutively machined Ruger rifle bolts were examined for individual and subclass characteristics resulting
from the end mill machining process. Comparisonsrevealed a startlingly high correspondence of microscopic char-
acteristics among the bolt faces examined. This high level of correspondence resulting from a milling operation re-
calls previous cautions concer ning subclass microscopic “matching.” Further examination of these bolts revealed
dight individual irregularities such as abrasions and chatter marks. These microscopic flaws differ between the
consecutively machined bolts and could be used for identification of these bolt faces if they transfer to a cartridge

case.

I ntroduction

An essential premise of firearm and toolmark identifica-
tion is that machining processes leave unique marks on
cut surfaces rendering even consecutively manufactured
objects observably individual (1, 2). The lathe turning
process used in the manufacture of hemispherical firing
pins (3, 4), and the broach-cutting processes of 38 Special
Smith & Wesson revolver barrels (5), however, have both
been flagged as creating subclass marks that could easily
be mischaracterized as individual. The examiner’s ability
to distinguish between class, subclass, and individual
characteristics created during manufacture is paramount
and requires a full and critical evaluation of machining
processes. This study focuses on milling operations, spe-
cifically end mills.

There are two main categories of milling operations: face
milling, of which end milling is one type, and peripheral
milling. Face milling operations have the face of the cut-
ter paralle to the surface being machined. Periphera mill-
ing operations use the side or periphery of the cutter,
which isheld paralld to the work.

Milling operations rotate a toothed cutter into the work to
remove metal. A surface machined with a face milling
process, such as a bolt face--which at Ruger is cut with an
end mill--will have a pattern of concentric circular marks
on its surface. Note that a peripherally milled surface will
not have concentric circular marks, but will have the fa-
miliar parale striations. However, these parald marks
may be just as susceptible to subclass mark carry-over as
arethe circular marks, all other things being equal.

Milling cutters are specifically designed to resist abrasion,
and to hold a cutting edge in the face of immense heat and
heavy loads. Cutters are made of high quality tool sted,
often coated with a hardener such as tungsten carbide or

chromium, or the teeth may be made of cemented tungsten
carbide, which “are excellent for long production runs and
for milling materias with a scale-like surface (cast iron,
cast sted, bronze, etc.)” (6). Factor in the hard cutting sur-
faces (Ruger uses cutters rated Rockwell A 91.9) with the
relatively soft sted of the bolts (Rockwell C 20-24 before
hesat treatment) and the small amount of steel actually being
machined on the face of the bolt, and the potentia exists
for subclass marks being created on the bolt face.

Subclass features have thus far often been attributed spe-
cifically to machining processes resulting in a surface with
concentric circles. We believe that the direction (e.g., circu-
lar or graight) of these striated marksisirrelevant; the exis-
tence of subclass characteristicsisaresult of the slow wear
of the cutting blades used in a given machining process, not
the directionality or angle of the specific cut. The purpose
of this paper has been to investigate the extent to which end
milling results in unique and identifiable marks by examin-
ing consecutively maderifle bolts.

M ethods

We obtained six consecutively manufactured M77 Mark 11
rifle bolts from Ruger, numbered 1 through 6 as they were
pulled directly from production. The bolt faces were cut in
sets of six by an end mill machining process. At this point
the only remaining machining process pertaining to the bolt
face was the fixed-blade type gector cutout--a ot cut by a
profiler machine with a downward stroke (Figure 2). The
gector cutout would then be given a one- or two-second
polish on a rag whedl with rouge to smooth the residua
burrs from the edges. Our bolts, however, did not receive
this final machining or polish (Figure 1) because our focus
was the end milling process.

Multiple casts were made of the six bolt faces using Mik-
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Figure?2

rosil and Theftingate casting materiad--both media cap-
tured the microscopic marks well. We compared the
known match bolt face casts to each other under the Leica
comparison microscope, noting the degree of correspon-
dence. Next, cads of each consecutive bolt were com-
pared to the casts of the first bolt in the series (bolt #1) in
order to observe the correspondence of known non-
matching bolts. Where apparent individud characterigtics
were found (e.g., scratches), we confirmed their individu-
aity by comparing the bolt casts with one another. The
comparisons were conducted at various magnifications,
and all photomicrographs were taken at 30x.

Results

Once a level of correspondence between known matches
had been established (Figure 3) we compared the casts of
each consecutively machined bolt face to the first in the
series, bolt #1. To our surprise we found an adarmingly
high level of correspondence between the milled striae of
bolts #1 and #2 (Figure 4), #1 and #3 (Figure 5), #1 and
#4 (Figure 6), and #1 and #6 (Figure 8).

Interestingly, bolt #5 showed the greatest level of diver-
gence from bolt #1 (Figure 7). It is unknown precisely
why; possibly that bolt was dightly harder or softer than
the others, or was not perfectly aligned in the milling ma-
chine. However, even bolt #5 showed a noteworthy level
of similarity to bolt #1.

After observing the high degree of correspondence be-
tween the sequential bolts, we examined them for identifi-
able characteristics. A radia scratch was observed on bolt
#1, alowing all the casts from this bolt to be identified
with one another to the exclusion of all other casts made.
Bolts #2 through #6 lacked such a readily identifiable
characterigtic. With further examination, however, we
discovered irregular abrasion marks aong the circumfer-

Figure3

ence of the firing pin hole on al six bolt faces (Figures 9 -
14). According to the machinists at Sturm, Ruger & Co.,
this abrasion, or tearing, is caused by a combination of fac-
tors: cutter speed, cutter sharpness, and the hardness of the
work being milled. A cutter that is rotating too slowly will
tear rather than produce aclean cut. Tearingis consistently
found near the center of the bolt face because of the differ-
ence in surface linear speed between the outer edge of the
bolt face and the center. If amilling cutter is rotating at a
given number of revolutions per minute, the speed at the
cutting surface will be greater at the outer edge than near
the center. If the idea surface speed is set for the outer
edge, the cutter will be too ow near the center. If the
ideal speed is set for the center, the tool will be going too
fast at the outer edge. The mill operator compromises by
setting a speed somewhere between the two extremes. The
consequence of this compromise is a small amount of tear-
ing near the center. The surface speed issueis further com-
plicated by variations in tool sharpness and workpiece
hardness. With a sharp tool and awork product in the idedl
hardness range, the major source of tearing will be the slow
cutter speed. However, as the cutting edges wear down,
they will begin to tear the surface. Additiondly, if a given
batch of sted is softer than the optimum range for that tool,
even a sharp cutter will causetears. In any case, we found
these abrason marks to be unique and individual for each
of the six bolt faces.

In addition, we observed chatter marks in the samerélative
orientation and spatial relationship on each of the bolt faces
(Figures 15 - 20). The marks differed in length and number,
but lacked substantial detail. Moreover, their orientation
(counter to the direction of the concentric milling marks)
raises the question of precisely how they were produced.

Chatter marks are generally caused by an improperly se-
cured workpiece, or by a sharp cutter rotating too quickly.
From subsequent discussions with the mill operator at



(Top) Figure3: Known match standard showing a side by side
comparison of castsof bolt face #1.

(Middle) Figure4: Known non-match.. This photo shows a com-
parison of casts for bolt #1 vs bolt #2.

(Bottom) Figure5: Known non-match. Bolt #1 vsbolt #3 casts.
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Sturm, Ruger & Co., we were unable to firmly establish
the cause of these particular marks, and they were not ob-
served on bolts being produced at the time of our mesting.
As aresult, the value of chatter marks for identification
purposesis limited.

Discussion

An accepted standard for identification is when an exam-
iner observes a quality and quantity of microscopic agree-
ment that exceeds the best known non-match ever ob-
served (7). This standard may be more difficult to deter-
mine considering the quality and quantity of agreement
ohserved among the consecutively machined bolt faces in
this study.

Essentialy, we found that the end milling operation--
when performed on cagst stedl surfaces--produces individ-
ual characterigtics, but not in the traditional form. The
sharpened surfaces of the milling cutter do not appesar to
be wearing quickly enough to create striated marks that
are readily distinguishable from one another on consecu-
tive workpieces. Therefore, the striations produced by the
cutting blades should not be used to make an identifica-
tion; rather, other accidental marks such as tearing, chat-
ter, and scratches provide the unique signature for this
type of machined item. Further research with finished
bolts will provide us with more information regarding
other sources of accidental marks, the persistence of sub-
class marks through a longer run of bolt faces, and the
transfer of marks to fired cartridge cases.
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(Top) Figure6 Known Non-M atch: Bolt #1and Bolt #4 casts
(Middle) Figure7 Known Non-Match: Bolt #1 and Bolt #5 casts

(Bottom) Figure8 Known Non-Match: Bolt #1 and Bolt #6 casts
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Figure10 Abrasion Mark Identification: Bolt #2 casts

Figure13 Abrasion Mark Identification: Bolt #5 casts Figure14 Abrasion Mark | dentification: Bolt #6 casts
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Figure15 Chatter Mark | dentification: Bolt #1 casts Figure16 Chatter Mark I dentification: Bolt #2 casts

Figure17 Chatter Mark | dentification: Bolt #3 casts Figure18 Chatter Mark Identification: Bolt #4 casts

Figure19 Chatter Mark | dentification: Bolt #5 casts Figure20 Chatter Mark Identification: Bolt #6 casts



