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HISTORY

A Model 710 magnum rifle was subjected to a standard bore obstruction test as a
function of the Design Acceptance Test protocol. The rifle failed during the test in a
catastrophic manner that resulted in the rifle fracturing into many pieces.

The objective of this report is to identify the origin of the failure, determine the
probable cause for the failure, and identify any possible actions that may be taken to
prevent this type of failure in the future. Figure 1 presents an image of one half of the
barrel fracture surface after the failure.

BT
[t

e initial failure and location of the various pieces of the rifle was documented using
gh-speed video and pictures taken by J. Snedeker after the event. The video
documentation indicated that the failure occurred by fracture of the barrel, which then
caused all of the other collateral damage to the fircarm. Bascd on this cvidence, the
failure origin investigation was focused on the barrel of the rifle.

SUMMARY

The failure of the M/710 Magnum rifle originated at the bottom of the front takedown
screw hole in the barrel. The material at this location was consistent with the design
intentions and specifications and the failure occurred as a result of stress overload
during the burst testing.

An FEA analysis was performed on the M/710 Magnum rifle system, simulating the
type of loading that would take place during this testing scenario. The result of this
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analysis confirmed the failure origin location by indicating that the point of highest
stress during the pressurization of the chamber would be the bottom of the front
takedown screw hole. The results of the FEA analysis are presented at the end of this
report.

If this failure is deemed to be a problem for the production product, it is
recommended that the depth of the front takedown screw hole be reduced and
controlled. It is sugpested, based on the FEA analysis results, that the depth be
reduced by at least 0.069” from nominal. It is recommended that the depth of the
front takedown screw hole be reduced by approximately 0.100” to guarantee that
enough material thickness is present to achieve the desired result. This change will
move the point of highest stress during high pressure chamber overloading from the
bottom of the front takedown screw hole to the inside chamber wall. This will most,
likely result in the system staying intact during extreme pressure overloads, s1mllar to .
the pressures experienced in this test. il

PROCEDURE

After being documented by J. Snedeker, the: barr E"wa}s
barrel ﬁ‘acture surfaces were separated for evaluaizo '

characteristics of the frifgturgic , :

electron microscep (SEM) Durmguxhe %NI exammatlon a qualitative chemical
ana1y51s oﬁ the _.;pater;gl bo%h og the ﬁ*acture surface and of the clean substrate barrel
fied usmg thie'e energy dlspurswe x-ray (EDX) detector to identify

A;ﬁer ithe vi ual exammatlon was completed, one half of the fractured barrel was
segﬁhoned to provide samples for determination the hardness profile of the barrel
I!ﬁétenal and the hardness of the material at the failure origin location. This data was
‘necessary to verify that the barrel was manufactured within the design specification
parameters. '

Microhardness testing was performed to determine the whether the barrel hardness
profile conformed to the design specifications. The Vicker’s hardness scale was used
with a 500g major load and the results converted to Rockwell C-Scale values (HRc).
The hardness profile was determined by taking hardness readings at locations running
along the length of the barrel starting from the breach end. Additional micro-
hardness measurements were performed around the fracture initiation site to verify
that the material hardness in this location was consistent with the material hardness of

the bulk barrel material.
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The hardness results and EDX data, when taken together, indicate that the barrel
material was most likely resulfurized AISI 4137 steel. For this reason, no
quantitative chemical analysis was performed.

RESULTS
Visual Examination Results

Based on the fracture morphology on the barrel, it is clear that the fracture originated
at the base of the front takedown screw hole. This position is shown in Figure 1 in
the center of the image at the bottom of the barrel fracture (to the left of the notch).
The location of the origin is evident by the presence of chevrons on the fracture
surface that always point back to the origin of the fracture. Figures 2 and 3 presenf;,
the left and right side of the fracture initiation site respectively. The directign. of thét
fracture propagation and the fracture origin is indicated in each image.

Direction of Fracture
Propagation

Figure 2. Animage of the left side of the fracture initiation site.
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Dircction of Fracture
Propagation

, Exhibiteda Iarg
cracklng This cracking is typlcally known as hea ;,;.heckl 3, OF Crazing. Tﬁ@se cracks
are typical of high pressure and high use Airearins after:si i
particular rifle had an excess of 1,700 roj 4

Figure 4. Animage of the heat checked region of the failed barrel.

A sample cross section was taken from this region to determine the extent (depth) of the
heat-check cracks. Figure S presents an image of the cross section of this heat-checked
region and clearly depicts the crack depth. The deepest crack measured is

Research and Development Technical Center
Elizabethtown, Kentucky
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approximately 0.027”. The effect on these cracks on the safety of the barrel is a
function of crack propagation. This issue is addressed in the endurance portion of the
D.A.T. testing and not of issue in this report because it did not have a role in the failure
of this barrel.

Figure 5. An image of the cross sectin of the heat-checked region
.M/710 Magnum barrel.

Hardness Examination Results
Barrel Hardness Profile

Figure 6 presents a graph of e hmg‘-
breech end of the barrel, ”Fhe actuaf_fda't

7 pomts-.,are ‘plotted along with the design
tférthe magnum barrel.
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Figure 6. A graph of the barrel hardness versus distance from the breech end.
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The hardness results indicate that the barrel was within the print specifications at the
location of the failure. The hardness at the beginning of the transition zone is higher
than the design specification hardness. This deviation had no impact on the failure of
the barrel, based on the fracture origination location. This higher hardness is an
indication that the tempering operation during manufacturing is not heating the barrel
far enough into the breech end to fully temper back the quenched region. This issue,
by itself, does not affect the destructive burst testing characteristics of the system.

Initiation Site Characterization

Figure 7 presents an image of the hardness indents that were performed around the
fracture initiation site with each group of indents labeled. The hardness indents were
performed utilizing the Vicker’s scale with a 500g major load and then converted to.
HRc scale. The hardness spemf ication in this location is a range of HRc 20-25. Thé
material around the fracture origin was found to be within the des1gn spedﬁ’manon _
limits. Table 1 presents the hardness data. K

“3epth

Figure 7. An image of the mlcro-hardness mdent locatlons around the fracture
origin location. Each group of indents and the first and last indent number are
labeled.
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FRACTURE ORIGIN
MATERIAL HARDNESS
Specification = 20 - 25 HRc
%
_IndentNo, —Botlom ____ Side Depth |
1 240 225 224
2 231 233 244
3 234 24.2 244
4 231 240 240
5 245 250 226
3 244 55 224
z 244 249 213
8 257 257 216
8 258 254 206
10 252 277 206 |
11 254 2717
12 233 279
jgh 1 258 1| 270 | 244
tow | 234 ] 225 ] 206

Table 1. The hardness results from the fracture origin micro-hardness
measurements. The design specification is HRc 20-25.

SEM Examination Results

An SEM examination of the fracture origin was comple;ed to
fracture that occurred. Based on the matenal and]

Figure 8. An SEM i lmage of the fracture ongmatlon site showing the presence of
ductile dimples. Magnification approeximately 1,540X.

The fracture surface of the sample seemed to be covered with a light coating of
material, evident by the soft edges of the ductile dimples. A qualitative EDX analysis
was performed of this fracture surface and compared to a qualitative EDX analysis
performed on the clean base material of this barrel. Figure 9 presents an image of the
compared EDX spectrum obtained from each analysis.
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Figure 9. A comparison of two EDX spectra. The red spectrum represents the
fracture surface and the blue spectrum is the compared base material spectrum. ;;
The spectra have been normalized to the main Fe peak in the center of thggraph. ¥

The spectral comparison indicates that both materials have. 1dent1cal ratlgs of Fe; -Mn, %
and Cr present. These materials are consistent with thé: ﬂSI lfiB? matgnal Psed to
fabricate the barrel. The fracture surface spectrun s;gntams addltléms of C\:;,G and S.
These are all combustion products and depe: osited mgtenal ﬁiam the";:xﬂe shell case that
was destroyed in the chamber durmg 'he test andf” cco{i&;ﬁ ".for the light coating of
material on the fracture surface::
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To: Marlin Jiranek
From: Harold Davidson

Date: 09-26-03

A M710 300 WinMag barrel chamber stress analysis was performed to determine
stress patterns and relative stress magnitudes. This analysis was performed using
ANSYS DesignSpace 7.0. All loading conditions were static.

Modeling and Constraints:
The barrel lugs were modeled using tetrahedral solid elements as shown in
IMAGE 1. A chamber pressure of 100,000 psi was applied to the green surfaces
highlighted in IMAGE 2. The barrel was fixed from any movement at the surface i
labeled “Fixed Support 4” shown on IMAGE 2.

IMAGE 1. Tetrahedral mesh for M710 300 WinMag chamber.
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300 WinMag
100,000 applied pressure
Nominal dimensions
Max Principal Stress

; K3 . hak
el fi tsf:bxinipal stress.

300 WinMag
100,000 applied pressure
Hole depth increased
0.069”
Max Principal Stress
IMAGE 4. M710 300 WinMag chamber max principal stress with increased hole depth.
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Wax &

300 WinMag
100,000 applied pressure

IMAGE 6. M710 30.06 chamber max principal stress.
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