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I. Introduction 

In mid 1997 the foundation was laid for what would eventually become ·the 

Remington Sportsman Model 710 project. Remington's marketing department conveyed 

they wanted a bolt action rifle to be positioned as an economy priced centerfire rifle .. 

Offering only the basic features and low manufacturing cost being the major goal. The 

following is marketing's specification list for the SpoiismanModel 710: 

iniportant to define a backbone upon which any number of bolt action products could 

grow. This backbone was derived from the three components of a bolt action rifle which 

rarely, if ever, deviate in function from rifle to rifle: the fire control, the bolt, and the 

barrel. In theory, the configuration of the three components de;cribed in this document 

render the receiver nothing more than a tube upon which to hang the fire control and 

locate the barrel. All strength and safety issues are being addressed by the bolt and bariel 
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interaction. An enormous array of options is then available with respect to styling, 

function, and marketing target audience. 

The primary difference between the two rifle concepts is the method in which the 

receiver (the most machi~ng intensive component of Remington's M700) is made. 

Concept one is built around an investment cast receiver, while concept two is founded on 

an extruded tube receiver. Implementation of either receiver type would be a first for 

Remington. They also have the potential to: reduce inventory, accommodate a build to t~: 
"'f 

-·~r-. i~l. 
~~1~1... .n 

order, environmen~ and implement proprietary new technology whic~~gu~~·,defi~iv~li .. ·~~~.8.:5 ;~:. 
·<l.' ~r)• r·· ~~ . ;:!...,~!~~!; '1i;~7i· .. 

I . R . . .-~"''~'\ '!!;dll "'""". .,:~ .,,. p acmg emmgton at the top of the bolt action market. ..,_~ (.;.,-· <~1 ;'t :~r ·o1·' 
-~ 'rt it1, ti' -= i~' 'i:-1: ~~ .. .,,{ 

II. Preliminary Modern Manufa~J,f,Jin~~t~.~~ Rcs'~rch Results 
.J:~~-~ J"1ti"T "~ .. .. s, '.Y 

Remington Arms Co.j~;>J:~,~~c~~,l#W ~$.,. ~~\stitute of Advanced 

9 Manufacturing Sciem1.~ 1ifki tJknduct 
1

Kt t;;lh.,;,,\!l'·;~~h for cost-effective candidate 
'•";i.:.1 ~ :qt- ';'~~ ill ""i~ . 

~;~.:ft.. ·;~ ~{: /!.f ~ 

proce~~~ fof.~~ii\~'NJ1ffac1rg~~~#rtarm components, as they apply to the M710 

-v-);1:! T!- i:,..,.. •:;• 
··.:.i;f]Jtr.g_grar1r·rtz!:!;.~lfilWiary report was submitted December 12, 1997. The areas of high 

{l·· -·~-. ·7t, ~.~~ .. ~(\ %~ 
,iJ ,~. ''.~~. 'ls_~~. . 

•"""J-~t;~~ {f, speif nl~chining: forging, semi ·solid forming, and assembly technologies look 
t~ . 1q~\. )ir' ':U . 
i~i i~J '"*m(lttkularly interesting. The report gave overviews of several machining processes, but 
I~}_ .f!,( 

l.l~\~t~f#t was not specific enough to draw any conclusions. The final report is due the first week of 

February 1998. 

III. Receivers 

A. Investment Cast 

The primary manufacturing goals for the M7l 0 receiver are low cost and to 

·include as many features as possible without incurring extra cost. The investment cast 
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receiver shown in Figures I, 2, and J was designed w:ith such criteria in mind. The near 

net shape parts which investment casting renders eliminates many of the preliminary 

shaping cuts currently done on the M700 receiver. It also adds the ability to use the mold 

for casting receivers from alternate materials as they become available. 

The flat panel design of the receiver (such as seen in many contemporary shotgun 

receivers) was cho:sen to inGrcasc receiver stiffoess, utilize cheaper two piece stocks, and 

inclusion of a rigid magazine guidance system. 'The flat panel receiver design bas been .:~, 
, ie~ . 

. r~t·-. ~\:~-

utilized very rarely in bolt action rifles. This unique shape provides rec~kver st.\~'7-!.~ '~j~ 1 83 .. 
...-:.."i ·jj, .:.:.~ "'t" i~. I~~ 

. ,.,...i.:> ~~- ..;, ..w·:;-% ·~1.~:·· 
which can not be found in conventional cylindrical des~~:\~'With th~~rec~h s ·;,;~, ..;· 

.,~. ·111 t ... ~ 
dimensions stretching the fill] height of the gui:\}he cg:~;rf;rtiJ~~-' sinif&f.icc~~llo& can 

i~-~.~~.:;. . 1§ ~s:~~~~ :f-f~ -~ 
be replaced with a less capi1al intens~,y,e two~~)ece .~i~s;k. \f.or pl~r. stocks, the molds are 

f~-:.!~~.-_;:~~;~ ~?.::)i:\r i:~~· 
• much smaller, i.e. ~uch;_ eiajer ~~~andl~·~a''¥~gui~.mp:~hller less expensive presses in 

• _!!!'~: 14~ ~~ }.!~ \;1f~'"fr'~' ' 
,;;.~rt' ~Z-i; "-,') ~ ,,µ: 

which to opewte.~f:lfor co!llpail~n;ilb~ ,Rwtngton Ml 00 synthetic butt stock costs $3.20, 
·,~) ~ ,. ... nF·~ ··~, ~~;;~:./~ 

<J(l ~:tilt'" ... . '"'. 
whlle~~~qre·'~d ft1$2.96, for~~ tolaJ of$6.16. The single piece M700 ADL synthetic 

··.Jf:~J~~:!~ ~~i '•!'1~1. i~. a'~ 
,{1•· ;·fu· ~I'. ht•·'°~ ~~' . 

. f.Y stocR!-co1/s $7.&lfocfor a difference of $1.53. A savings of $153,000 a year if 100,000 
,,f12'.1-~1() ~ ~~ \. 
~' ·~ ·~!~~~1~jJ~.'are sold. ::>irnilnrly, two piece stock wood blanks tend to be cheaper than their 

1"• b 
~~~,i~l(d~1 

single piece counter parts. This is due to the fact the frequency of knots is lower the 

• 

smaller the section of wood, i.e. less rejected blanks. The two piece stock aJso supplies 

the opportunity for a part reduction. The recoil lug found in the M700, and oiher 

conventional bolt action rifles is rendered obsolete. Finally, the flat panel receiver and 

two piece stock design provides a unique cosmetic look which would be very 

distinguishable on the shelf of any gun store . 
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• 

• 

As seen in Figure 3, the investment cast receiver allows for a potentially less 

expensive approach to attaching the barrel to the receiver. The threading operations on 

the barrel and the receiver are eliminated. The barrel is instead attached via the clamping 

action of the cross screws. This method of barrel attachment has been practic;ed for many 

years by Sauer, and is thought to be reliable and accurate. This also facilitates barrel 

interchangeability, with respect to a group of calibers supported by the boll supplied with 

5 show one such possible receiver. 

Elimination of the broaching operation in tbe receiver should have a substantial 

impact on the financials of this concept rifle. Broaching tools have a lead time of 16 

weeks and arc approximately $3,000 apiece. Replacing this operation with a drill and 

reaming operation should reduce tool cost and increase through put. Figure 6 depicts 
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how llie interior geometry of an extruded tube receiver could be obtained by a step drill 

and ream operation. 

Cosmetically this receiver design is very conventional (modeled aiter the 

Remington M788) and should be palatable to the traditionalist. This cylindrical design 

facilitates the use of a single piece stock, but also requires the integration of a recoil lug. 

Using the approach of embedding the recoil lug in the stock, and implementation of 

IV. Fire Control 

Evolution of the 6-Bar and 4X4 Fire controls 

The first component in the backbone of these two concept rifles is the fire control. 

The M710's fire control is the t:volutionary sibling of the linkage fire controls developed 

in the M700 improvements program. The 6-Bar and 4X4 were prototype linkage fire 

~ontrols d~v~loped on the principals of reduced tolerance sensitivitv. ease of manufacture, 

and superior. performance. The 4x4 showed the most potential for success after having a 
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• dry cycle life in excess of 100,000 cycles, passing all SAAM! safety standards, and being 

comprised mainly of stmnped and powder metal parts. JI should also be noted that these 

results were obtained from preliminary testing, not the engineering evaluation test, nor 

design acceptance test. 

The reasoning behind a linked fire control being considered is mainly the inberent 

advantages associated with such a mechanism. By elunmating the contact surfaces 

system return. The M7 l 0 fire control addresses all these issues, while adding features 

und reducing the part count even further. Addition of a bolt lock, tolerance insensitive 

safety, and the elimination of two pin joints with a single slider joint are just a few 

examples. Renderings of the M710 fire control can be seen in Figures 7 and 8. 

One of the most unique aspects of the M710 fire control is its inclusion of a 

tolerance insensitive system return. First conceived by David Findlay for use in 

conventional fire controls, und later adapted for use in Jinked foe controls by the author, a 
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• system return mechanically resets the fire control to the cocked position every time the 

bolt is cycled. The safety system also perfonns the same task every time it is cycled. 

Couple these tirings with only .OIO inch of the trigger to fire the mechanism, und an 

expected cycle life of 100,000 plus rounds, the M7 I 0 fire control has the potential to be 

the best performing mechanical fire control the bolt action market has ever seen. For a 

detaiie<l explanation of the workings oflinkage fire controls and the M710 fire control see 

B. 

general maintenance much easier. Unfortunately, this concept has not yet been modeled 

and a rendering is unavailable. 

Figure 7, depicts a viable cai_ididnte for the extruded receiver's trigger housing. 

This type of housing consists of one MJM or die-cast side plate, which retains ail the 

parts (Figure 7), and a simple stamped counterpart acting as a cover. This is the most 

common style of trigger housing used in bolt action rifles. The Remington Model 700 

uses a very similar type. 
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e· c. Safety 

The safety shown in Figures 7 and 8 is a three-position tang safety. The first 

position is the fire position; the state in which the firearm can be discharged and the bolt 

cycled. The second position is the safe position, the fireann will not discharge but the 

bolt can be cycled. The third position is the safe and bolt lock position. [n this position 

the safety mechanism of position two i9 engaged, and the bolt is rendered immobile. This 

One of the biggest obstacles facing manufacturing during the building of a 

product is the tolerances associated with each part. The M7l0 fire control is designed to 

make those tolerances as large as possible. This is achieved by strategic placement of 

pivot locations and the use of set screws in key locations. Each pivot is optimized for 

- perfonnance and sensitivity during the graphical and kenematic analysis phase of design, 
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Set screws were placed in the trigger, toggler, and firing pin head to address tolerances 

associated with distance past toggle, safety engagemen~ and contact area between the 

sear and firing pin head. In this respect the M7 J 0 fire control should be more robust than 

the Remington M700's. 

E. Stntus 

The M710 fire control bas entered the final stages of preliminar; design. JUI the 

parts have been modeled and are presently being detailed. Extensive kinematic analysis ,i 
. . \~t 

··~-. ··~ 
has been completed on Working Model and confinnation of the kinematic resul'lfit!b!lS .. {j . 

. r-~ cf ~::: · ,f·~?,;. ':~~ 8.3 ·)'~.:;, 

begun on Adams. The M710 fire control has been designed to o~ilt~"'-~n J~enJ~K-~~>h·~:'i!Y~-~~ 
~ - ~ 

M700 slave housing. This fire control assem~Jy ~!~ a~1!J.i to ~)P, functpri<~in a 
- ....... ~.) ~."•'t\.!i" ... \~:. 

kemington M700, but is not in any way 1t~~~~:f;i1a~l;d~i~~- This-~pproach to the 
, • .,;}·~~t;~ '~;;,)fif•'·\ '\'., "'.;p:. 

9 design was taken to expedi~~;.t~¥,'g, wbl~,sh~~ld ~fn 'February 1998, 
--~~]t~?1 1~t(. ~}'.t !l} ~~~~,~F-~,-

'.(;,("' ~:;1, V~5, ~qli .ASsembly 
~-·~> • J .Jf;, ...... ' ... .,. 

.. " • . -:-¥,:~ ·~. 'lt-W"p· 
•!i. ~t\ ~¥8'. \t .-"· 

A. l;.): j ia te~:Bolt .,. · 
... .;p~}~~-~:... ~-~ .- • v?.). !~-:· '->:zi. 

. 4':1 "~~- ~~ ;~a~ied ~oil assembly for the M7 l 0 utilizes a unidiameter approach to the 
.ef~"J:;;~~) ~: ~~ -~~~ 

:_~· . 
1~~:e.,~~~~.Mal geometry. The entire assembly, minus the handle, has the same outside 

:~~ ~ .;..;;;~~;~·.(1!. 

~~~~~m~fW diameter. This can best be seen in Figure 10. The main advantage of this is the 

elimination of the broaching operation needed to cut the bolt key. The bolt key can then 

be constructed by a drill and rerun operation. Trus should be less costly .and possibly be 

faster than broaching. Bolts of similar design arc currently implemented in a few high 

end European bolt actions. 
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I 
B. Integration of the Bolt Handle and Bolt Dody. 

More cost effective ways of producing a bolt handle has long since been a goal of 

Remington manufacturing. The recent evolutionary advancements in investment casting 

and drop forging technologies may aid in attaining this goal. By combining the bolt 

handle and bolt body as a single casting or forging, it may be possible to eliminate a 

brazing operation and reduce the total part count. Part porosity .and surface finish would 

be issues of concern in these processes_ 

c. 

This concept bolt also includes a· first for Remington - it is fully field strippable. 

Very similar in function to the Sako IV and the Styr Safe Bolt, this concept bolt's :firing 

pin assembly cun be removed by twisting the bolt plug clockwise 90 degrees, with respect 

to the bolt body. Unlike the competition, the bolt plug and firing. pin assembly will 

remain in tact. Allowing easy cleaning and reassembly. A patent search is underway and 

the risk factor is presently considered low. 
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E. Reduction in P11rt Complexity & Tolerance Seusitivity 

Several parts in the concept bolt have been reduced in complexity, and optimized 

for tolerance insensitivity. The firing pin head is a perfect example. As shown in Figure 

11, this firing pin head is a simple powder metal part with two holes (one of which is 

threaded). The tail of the firing pin head acts as a cocking indicator, but also the Ioclcing 

mechanism which keeps the bolt plug from turning as the boit is opened and closed. The 

large diameter hole locates the firing pin in the bolt plug, while the threaded hole contains A 
~J 

the ·contact pin. This technique of single-part-multi-functionality is key to ~µ~t ~f~i-
;-ff) ~f~, ~!; ')~ \~.~~,.~" 

robustness and part count minimization. _. 0~·,~-; w... (;if:,,.-:!:··'~>). ·J~'!!J· 
. ~;~ (Y··- ~~~·~ (:~ :f~. ·~ ~ 

The contact pin has four roles: it serves.~~ th~g~;~f~urfac6f8~etwe;~h#sear 
~~:..;)}:' =iH ~~·!: .... _ ~r::. -~~ 

and the firing pin head; it retains the frring pf~1ii the. prirtg p~; it reifuns the contnct 

..• 1ri~::-:·~?'t~1~,.. '~1)1;~" ·1,'.,:. "'~~· 9 bushing; and it takes up._al~f;lie'w./erance~j,n-t.f;~ sy~!.Y.W return. This is a simple screw 
·""' ['.\ <''' '·;( :~, ..t.~C."' ... ~-v~ir' ~}·. ':-~~ ~ · :.w~,. • 

machine part.~~.It -~isorb_~~tthetosfiin~}Went m the bolt assembly, and can easily be 
;Fil ').ii. ·~!'···" ·~!. ~~?"'· 

made ~~~h~}J;j~, de~fu~ed for shl:h ~task. 
_.r.p:1)).~~... J;,l 'll&~ •. !~. '.;'~ 

·l.~ .... - ~'<!\ ~'/.,,.' ... ;. ril 

. j,f ·~fa- i/je, co~l~~bunung is also a multifunction part. Retained by the contact pin, the 
·~"~~i!\i ~f.. '·'I ·:, t' . ~h. busffiNg r~hs on the bolt cam cut. This rolling action should increase bolt life 

1~ .Ol . "':'$,,.;._,;,_:<. 
~'l ~~t •>.; ,,., 

~4~it~pr significantly, while reducing bolt lift forces at the same time. It should also be noted, 

during the 4X4 fire control .testing, nickel teflon coating the contact surface on the firing 

pin head improve M700 bolt life during dry cycling as well. 

_F. Firing Pin and Lock-Time 

The concept bolt body has a larger diameter than the Remington M700's bolt 

body. This allows for a larger diameter spring to be used with the firing pin. A spring's 

• diameter has a dramatic effect on the energy to load ratio of a spring. The larger the 
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• 

diameter, the greater the energy for a specified load. What this means is: primer indents 

can be kept in SAAMI speck with lower cocking forces on the spring, i.e. lower bolt lift 

forces. Tllls coupled with the contact bushing should cancel out any adverse effects in 

bolt lift forces the 60° bolt throw may have. 

Lock-time should also be positively affected by these changes. To keep the spring 

frum buckling in the bolt body, lhe firing pin has a slar shaped cross section, see Figure 6. 

tie3 the whole system together by iticorporating the lugs. This is not an unheard of 

system in the gun industry, but is generally expensive lo process. T11e barrel designs 

shown in Figure 12 could possibly sercomvent this deterrent. Incorporating the Jugs into 

a barrel is generally done by boring a pocket in the barrel to accommodate the bolt's Jugs, 

and then pot broaching the key way for the boll The designs shown would be created by 
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the same initial boring operation, but an end mill operation is used to cut the key ways in 

the barrel. Figure 13 shows a bolt and barrel in the locked position. Note, the only 

difference between barrel designs in Figure 12 is the external threads. The.cutaway bane! 

on the right does not need threads because of the clamp design ·incorporated into the 

investment cast receiver. 

B. Three Rings of Steel 

able to accommodate black powder and slug versions. A black powder version of the 

concept rifles could be accomplished with only a change in the bolt head and installation 

of a breach plug and a nipple in the barrel. Alterations to the receiver, such as those seen 

in the Remington M700 muzzle loader receiver, would not be needed. A 12-gauge slug 

8 gun would also be possible, but some issues around the extractor and the size of the Jugs 

Remington Anns Co. Inc. 
Confidential l3 

ET00396 

Confidential - Subject to Protective OrdHr 
Williams v. Remington 



! ., 

need further investigation. The key to either alternate configuration is to design the 

receiver big enough to accept the outside barrel diameter. 

VII. Magazine 

Ba~icnlly three options exist for the magazine cJ;p of the M7IO: add use the 

Remington M700 clip, design an all synthetic clip, or create a new stamped vc.:rsion. The 

main deciding factor is what's the desired customer's perceived value. For an 

·i 
economical firearm a synthetic clip is probably fine, for a high-end firearm res~stance. ·\~j., 

t~~ ~~=h 

would probably be meet. In any case, the only novelty associated With t!}~ ~~cep{~fkt.. '~~~~ 83 .;~:;, 
·"'··' B. . .,1;t. ~·1·.,..r, . . !{'fl"' w ~J~!·"~f.t~ ';~!]"' 

M710 clip is the possible use of a rear spacer. This would aj~W:;lli~~rreive~ a~Pt a ~.~ . .,, 
. -~ ~i~ '.~ \~ ~ 

range of caibers with one clip. The only c~;~~jµec~~\l~~/~ be ~t type df spacer. 

Th.is would reduce the number of~!1;gigjne ~xe{:ff.ctuirt~tp su~~ a line offireanns. 

e ·~ (r~. ·~%j;;:rr~'~!P!;~~r.r \~ .. 
~;~?~,..~:" '1f:, T~~~; A¥ ~~~~-

What~~,as ;~1~0:f~scri~ ~@..l.iholt action rifles which can. be tailored for a 
11-=t ·. \ ~_;.ii. "c.:.:1 ,. 
~~';.... ·~ t~ ~~~, :;?. 

.. ·i(r~J:?n1ifi£1~,,# bd)~. ectioo ~erket. The investment cast reeeiver, two piece stock, 
~·· '"1rr- tg, '~~~·~~ ~~ . -

,\~ ·~i ,.;. '·if.''> 
,5,'!.§1.'.I;~.,,_ !/!. synfic1:ir,gger g~ard!housing, clampable barrel, and synthetic clip combination should 

.r~· ~)1 .;fr' ., 
~ ·~,.~,....hn>'fl\' d h' h • 'f] • h , -' Th d d b ,5~~ -~1 ""~'<;111,;«11 &oo ie rnarvn n e wit cn~tnmr,r t".c:nnnm1~s targcteu. . e extru c hi c 
,~... .!:>: 

·~·· >!:i' ~~~~1~1 receiver, one piece synthetic or wood stock, conventional trigger housing, taped barrel, 

• 

and a metal clip configuration should prefonn equally as well as a high margin bolt 

action, but also give the customer lhe added sense of value associated with high end 

rifles. 

The areas for possible cost savings are many. For the investment cast receiver 

ver.iion they are as follows: the receiver shoµJd require less machining than the M70(} 

Rem inglon Amis Co. Irie. 
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• 

receiver; decreased tolerance sensitivity in several areas; two piece stock; elimination of 

barrel threading operation; elimination of the recoil lug; elimination of the receiver 

broaching operation; and elimination of the bolt hand"ie brazing operation. For the 

extruded tube receive concept rifle the cost benefits are as follows: the receiver should 

require Jess machining than the M700 receiver; decreased tolerance sensitivity in several 

areas; elimination of the broaching operation in the receiver; and elimination of the bolt 

handle brazing operatio!L 

M710, 

probably be based on how people '1ew synthetics and the cosmetic differences between 

the firearms, not on the performance of the firearms (they are expected to be equal). Due 

to the fact the concept rifles have a very high number of interchangeable parts; the unique 

opportunity two produce two bolt action rifles with minimum capital investment exists. 

'The introduction date of the Sportsman M710 corresponding with the year 2000 also 

encourages this opportunity. Introducing the investment cast receiver concept rifle as the 

Remington Anns Co. lnc. 
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• 

economically priced Sportsman M7lD makes sense. While introducing the extruded 

receiver design a.s a technologically advanced high-end gun is equally logical. Both guns 

would have high margins, exaggerated by the reduced manufacturing power needed to 

produce two products sharlng a common bnckbone of parts. This backbone approach to 

gun manufacturing not only allows for two distinct products, but also an entire family of 

calibers (centerfirc, black powder, and· shot shell). 111is approach to new product design 

has never been implemented in Remington . 
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