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Case Study on the Firing Pin Fatigue Destruction of the Korean Rifle
by Repeated Impact
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Abstract The firing pin of modern automatic rifles detonates the primer of loaded ammunition via a
hammer. During this process, the firing pin receives an impact load and repetitive force throughout the
life of the rifle. An endurance test of a rifle showed that the firing pin breaks prematurely at 96.26%
of life. Accordingly, a case study was conducted through cause analysis and a reconstruction test. Optical
microscopy and scanning electron microscopy of the broken surface of the firing pin showed that a
crack began in the circumferential direction of the surface, resulting in a fatigue crack to the core after
repeated impact. Crack growth and fatigue destruction occurred at the end due to the repetitive impact
and was estimated using a notch. For verification, a sample that produced a 0.03mm circumferential
notch was broken at 64.25% of life in the reconstruction test. A test of breakage according to the notch
types showed that a 0.3mm and a 0.5mm one-side notch were broken at 66.53% and 50.76%, respectively,
and a 0.03mm six-point notch was broken at 85.65%. The endurance life of a sample firing pin with a
rough surface and tool mark was examined, but an approximately 381 ?m internal crack formed.
Through this study, failure for each notch type was considered. These results show that quality control
of the notch and surface roughness is essential for ensuring the reliability of a component subjected to

repeated impact.
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Fig. 1. Impingement Gas System
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Fig. 3. M16 Rifle Gas Operating System
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Where, k: denotes rotational stiffness, 8o and 6;
denote rotation degree, E, denotes rotational
potential energy, Ex denotes rotational kinetic
energy, I denotes rotational moment of inertia, w;
denotes angular velocity, v denotes linear
velocity at hit point, r denotes distance between

center of rotation and hit point
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Where, meq denotes equivalent mass at hit point
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Where, fi(t) denotes function of hammer force, F
denotes Amplitude of hammer force, w denotes
frequency, t denotes time, t; denotes time of

applied impulse
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Where, Im denotes Impulse, vo denotes velocity of

zero point
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Fig. 10. Broken Shapes of Firing Pin
(2) Primer Hitting Part (b) Hammer Hitting Part
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Fig. 11. SEM & Microscopic Views
(a) Out side of Fracture (b) Center of Fracture (c)
Round Part Tool Mark
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Table 1. Result of Case Study

Test Notch Type Finish Rounds

s

96.26%

Endurance Test

All around 0.03mm 64.25%

Reconstruction Test

65.53%

One point 0.3mm

Case 1
50.76%

One point 0.5mm

Case 2 85.65%

Six points 0.03mm

Case 3 Rough Surface 110%
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