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OBJECTIVE

The purpose of this analysis is to evaluate the distribution of stress through the cam
surface of a firing pin head developed for the Remington Model 710 rifle.

CONCLUSIONS

An ANSYS model was used to predict stress distribution in the firing pin head resultmg

from bolt-opening forces. Two areas of high stress were predicted. Along tﬁa 0. 004-mch
wide contact surface between the firing pin head and the bolt body, sttess was edlctcﬁs_“-"’i’ i
to be around 120,000 psi, below the 190,000 psi yield strength Qf the matena]t1 ' aﬂ%-s*?
patches at the ends of this surface, however, predicted sgess rosg well 6ver 200,000 p%l

It is likely that a small degree of plastic deformatlgn willioccur él*these ﬂatclibs widening

the contact area until the stress is spread out; below thg maferial’s ayleld stréngth.

T,

Another location of significant stsess o urgedbn th(; edge'of the lateral consu'mnt

"ﬂgii_ ?ﬁe bolt body cam surface is a helix with 2.18 inches of rise per turn. The angle of a
.. ..sisurface on the helix is given by

where d is the diameter of the location on the helix. Using d values of 0.498 and 0.695,
the inner and outer diameters of the bolt body, resulted in slopes of 55 and 45 degrees,
respectively. The average, a slope of 50 degrees, was used to calculate forces.
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. Firing Pin Head

By

Bolt Body

applied to the firing pin hqaa,d by thé‘poﬁ-body
‘ firing pin head,_tgy:ﬁihe ﬁolt bedy T tgpresgms the force applied to the firing pin head by

the ﬁnng piri prlng L. is the late l;force applied by the bolt plug on the firing pin head.

;‘%hep,e 7] represents the coefficient of friction between the two surfaces. Mark’s
r § ngineering Handbook gives u values for steel-on-steel contact of 0.4 to 0.01, depending
" on lubrication. 0.4, the value for dry contact, was used.
The vertical components of the forces in Figure 1 were added and set to zero, resulting in
T+Fy-By=0
The y components of B and F are given by
= F c0850° = By cos 50°
and

By = Bsin40°
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. resulting in
T + Bucos50° - Bsin40° =0

From the spring specifications, 7 is 20 lbs. The above equation may be solved for B as

_ 20
sin40° — 0.4 c0s 50°

=51.86 pounds

Friction may be solved for from B:
F=pu-B=0.4-51.86 =20.74 pounds

Roark’s Formulas for Stress & Strain gives the following equation for width 9f a cmﬁact
patch in the interface between a cylinder and flat plate if both matenals han:&f?aeaPmssm:xt s
ratio of 0.3 and share the same modulus of elasticity: y i

b i-f
where b is the contact patch width, p i the force ova; the h of the cylinder, Kp is the
diameter of the cylmder a.nd E'is ‘t‘hza miadultis of ela%tlclty for the the plate and cylinder.
' i ng pinhead to bolt body interface gives

=4.13x10*inches

' 0.0798 30x106

;

w : ,_'ﬁROCEDURE
ke & The analysis was conducted on a CADDS 5
Sggw S model of the firing pin head developed for the

Remington Model 710. The CADDS model
was simplified by the removal of all fillets not
in the area of the cam surface. Faces on the
model were split to provide a location to apply
the side constraints and cam surface pressure.
The model was brought into ANSYS. It was
meshed with 10-node tetrahedral elements
using the ANSYS Smartmesh tool with a
coarseness level of six. The areas of the
protrusion on which the cam surface acted
were refined with ANSYS’s Meshtool and a

. refinement level of one. The meshed model .
may be scen in Figure 2. Figure 2. Meshed model of firing pin head.
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The model was constrained as
follows: A longitudinal
displacement constraint and a
vertical displacement constraint
were placed on the cylindrical
area where the firing pin head
attached to the firing pin. The
lateral position of the firing pin
head was fixed by placing
displacement constraints on the
areas where the bolt plug cradled
the cam surface protrusion of the
firing pin head. The location of
the displacement constraints may
be seen in Figure 3. T

‘ Lateral

constraints

Contact patch

Longitudinal and

£ . The load on ﬂge cam; surface
vertical constraints

applie n twa:gomp@nﬁm&@ he*
:;;_:force rigrmal toréihe ¢am surfice
Was apphed as a%S&éOOO—psx
ptessure bVer the'entire 0.0041
. ; 'ﬂ@e;@econd ‘Fomponent of the cam
. surface load was the force applied by ¢ friction be;ween "the cam surface of the firing

pin head and the bolt body’" “This wa flled by selecting all the nodes on the 0.0041-

inch wide area, x;otatxﬁg the'i ,_sys‘t%m 50 degrees and applying a force to
each node m'tﬂe“ negatt&xe y dmrectnogxof the new coordmate system. The mesh had

“;AN*SYS PCG solver with a tolerance of 1078,
g v

ot
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RESULTS
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Figure 4. Stress distribution in firing pin head.

*The Von Mises stress distribution predicted by the ANSYS model may be seen in Figure
4. Peak stress is concentrated in the 0.004-inch wide contact patch. Stress along the
contact patch surface runs around 120,000 psi. Both the bottom and top ends of this
patch contain areas, shown in gray on the above figure, where stress exceeds the 190,000
psi yield strength of the firing pin head material. One node on the bottom area returned a
stress over 500,000 psi. The firing pin head may be expected to deform plastically in the
regions at the ends of the contact patch. Plastic deformation in these areas will widen the
contact patch area even out the stress distribution until stresses are below the yield
strength of the material.

Another location of significant stress is farther back on the protrusion of the firing pin
head, at the edge of the area where lateral constraints were applied. Stress in this location

runs around 30,000 psi, peaking at 53,000 psi at the top end of the edge. The same
pattern and levels of stress occur on the other side of the part.
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APPENDIX

This appendix contains an enlarged Figure 4, as well as other views of the stress results.

Figure 4 (enlarged). Von Mises stress distribution in firing pin Wn%
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Figure 5. Von Mises stress distribution in firing pin head, other si
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Figure 6. Von Mises stress distribution, closeup of cggatact patch.
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