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Model 710 Firing Pin Head Finite Element Analysis 
Brian Rages 
1/25/00 

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 resuiimg T ,,,. 
from bolt-opening forces. Two areas of high stress were predicted. Along ~e:0'.004iipch 
wide contact surface be~een the firing pin he~ ~d the bolt b~li?t~ s~~ss ~~ p~~ctCA,S:\.';~(~' 
to be around 120,000 ps~, below the 190,000 psi ~ield stre~,~\9,hhe ~tentl:;'.ltt-~~~~ti"" 
patches at the ends of this surface, however, predicted s~ess r~. well 6~er ~0,000 ~1. 
It is likely that a small degree of plastic deform~~ipn wil.joccur if:~ese p~c~s, widening 

the contact area until the stress is spre~~;~~!bel~~~~\:~~~al's~;ld stfSngth. 

Another location of signific~t~.1'~~~s dqF•'-bn ~~ edg~ijr the lateral constraint 
applied on the firing P.~':1 h~tfby ffi~~\:x)iJ!p1Gg. S.!fC~.s-along the edge was predicted by 
the ANSYS analy~~~ tQ~~e &t-$mnd 30!P00:J?.~!t'j~th a peak of 53,000 psi occurring in a 
small area attlii'end oftbe patch. )f.; ;i;;"" 

,;;<!•)• '· . ~~i;,{~1i:1:•~ '~;i %:ii•'"~) 
jf-' ' \~fh~Joad'~4ond1tions at the firing pin head were calculated as follows: 
;~r -~f:~- \~~.~:. ~1~:~~~ 

i :{}''~~~;~~~~ ~~k iJe ~It body c~ s~~ce is a helix with 2.18 inches of rise per turn. The angle of a 

~~}.. .~~ •[0;;~~ .. ,}YSUrface on the hehx 1s given by 
··qt. ~~~f 

~J··· ,~•'' -~~~~i'{~~', 

where dis 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. 

1/8 Remington Confidential 

ET36122 

Confidential - ~ie'R-s~2~~ie Order 
Williams v. Remington 

:;_ 

i 

' '· 



BARBER - 5.22.06r0009117 

Firing Pin Head 

L 

·:;~~. 
~·, ~-· 

-·~'.,~ :)" :;~~:·\~fr,, ':;~'-
Bolt Body 

Figure.::~tDiagram"cn sti'~~. 

Figure l depicts the stress ,~it._uati~µ)n:;fuf!:Jafirig pi~,head~~~B represents the normal force 
applied to the firin.g P!-p h~d by th~jpo~,~odY.,'.,)ii i~ihe frictional force applied to the 
firing pin hea4,gyithetft9lt ~dy. T t~pr~Uflhe force applied to the firing pin head by 
the firin~ pitj,Ispring. L~l,S, th~:.~ate~~fordtapplied by the bolt plug on the firing pin head. 
Fis rel~~d t~tJ1,Pij.~' '~i, ~~~,,~:~:!''~~, 

!~;fM:;~~!i~fyi\:;,~!h~!l; It '" F ~ µ B 

i;~·~f··'~~~;~~~~, :~~,~~. . ./~l~;~::~:~:~~b~;kc;i:~c~~:~:e~~~~~e~~-:~:~~::~:::~~~~o~~~~:sdepending 
~'~\. ,J~f -,~;;~~ .. ,:/''on lubrication. 0.4, the value for dry contact, was used. 

~J··· ,~•'' -~~~~i·t~~· - The vertical components of the forces in Figure I were added and set to zero, resulting in 

T+Fy-By=O 

The y components of B and Fare given by 

and 

Fy = Fcos50° = Bµcos50° 

By= Bsin40° 
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resulting in 
T + Bµ cos50° - Bsin 40° = 0 

From the spring specifications, Tis 20 lbs. The above equation may be solved for Bas 

20 
B = = 51.86 pounds 

sin 40° -0.4cos 50° 

Friction may be solved for from B: 

F = µ · B = 0.4 · 51.86 = 20.74 powids 

Roark 's Formulas for Stress & Strain gives the following equation for width,()f a c~ct 
patch in the interface between a cylinder and flat plate if both materials hav¢~~oiss~s 

ratio of 0.3 and share the same modulus of elasticity: -~.'/)A.;~,--';_:_.- .. ~.···-:;~i ''.~~t~, ~{i-::'-~:}~!~~~~b:~~~:t~\--~~>· 
b = 2.1 sfiii: >~~. ·-~~~- ~;1~i~ ~r · {(-
-----~§ :)" :!~~f ;~~':b~~(~\ '~!;~~ % 

where bis the contact patch wi4,tR-~P i$:;th.e (9~~~ o:Vff th~:~h of the cylinder, Ko is the 
diam:ter of the cylin~er, ~~£ls"t~jm~tus ~f el~~city for the t~e plate an~ cylinder. 
Entenng the approp,na~~ v~:µes for ili~ fft®-g mnllead to bolt body interface gives 

"''~~;,,;'.e~: t~h ~::;>;- m '-~~rnF' 
''.t:> -~%~ .. A'b~'.~;:, 1 -i}.?J~86 0.170 413 to-3· h -,. ~~"· .,, ~--~·-- =;:"'. J•' ... ;. = . x inc es 

-:;,;, 'i~~1~t- \~~ '0.079830x106 

~(""'~~;~~·:k:i~~~\), '1!;, ,· 
. :/''~r;~$~v· ~~l :~! ;\:,.-
1~;, )~ ,~ '~~:;~~ .-;drJ>ROCEOURE 
·;~\., ,~;! The analysis was conducted on a CADDS 5 
~~~~~~H~~P' 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 seen in Figure 2. Figure 2. Meshed model of firing pin head. 
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Lateral 
constraints 

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_ 

~ ~~·i\~... ·~~~ 

Longitudinal and The loacJ: '.9Jl 'f!l~ ca~{.sJtt.f;ice ·~-' .. ;tr ... ~. 
vertical constraints , ·· ., ; c ~"~ 

apJlJ~~;iii twd;!Spm~nerits~~~Tr~~·11 ~"·, · 
Figure 3. Constraints placed on model. ;-~ofoe t1~J..lllal t&;~e ~am surfllce 

-·::1. \¥as appfu!d as a;]l58i~OOO-psi 

wide area. This represented a force o.(sY'.i~'poJ~:.-~;·~:~:::~t~m~:::!~r~?~~~~ 
surface load was the force <l.P.Pl,~aj,~y:·~~~fibn b~eeii~tlie cam surface of the firing 
pin head and the boh£ody~?This w~ ~lied by,,,;>eWcting all the nodes on the O.Q04 l
inch wide ~e~ w~titi~tth~t~ode co9.-~d~!n~J.S'te'm 50 degrees and applying a force to 
each node m;~Ete'ilegatlye y a~recti~µ;oftlie new coordinate system. The mesh had 
resu~tect~ :r~~. ~~~s on~e'f},~'8.rea, so the frictional force of20.74 powtds was 
~tied ~\.a f~~ of 0.061?:44 pounds per node. 

-'!,,· ·;~\.j-:'':, ... ~- t~./ ;,. 

~ft~1~;:~~~~·'~:\:~~A~; 1t~~~~~~ad been fully constrained and loaded, the analysis was solved using the 

, .. ~c:n~~~· ;~~' 1~~ys P~G solver with a tolerance of l 0-
8

• 

,'~ '~~ JJ, > 
l~i ··~h , .. ~f 
~~~~:,, _,J~~ -,.,;;~~·:;;;;+ 

~~"'· ,~.,, 
'~~~~(!~~'' 

4/8 Remington Confidential 

ET36125 

Confidential - s~~-S~2~~ye Order 
Williams v. Remington 



BARBER- 5.22.06r0009120 

RESULTS 

·~~f~~~;:~~{i\~~0~ '~~~'. \;);'\~;~~[:~. . . . . . . . 
;~~. \(:; .,< .. ·· · Figure 4. Stress distribution m tirmg pm head. 
·1·~- '·~t ;•--. 
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NODAL SOLUTION 
STEP=! 
SUB =I 
TIME=! 
SEOV <AVGl 
PowerGraphics 
EFACET~I 

AVRES=Mat 
DMX =. 486E-03 
SMN =13.461 
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- 168889 
190000 

1~h ·'~~' > 
''~:;~~<}~~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 
fWlS 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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Figure 5. Von Mises stress distribution in firing pin head, other si~y· ·~~ 
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Figure 6. Von Mises stress distribution, closeup of cjfuct patch.'~}; 
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