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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 m~keting department conveyed

they. wanted a bolt notion rifle to be p~sifioncd 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 SportsmanModel 710:
, Bolt action - short & long notion (including magnums)
, Standard barrels lengths (22"- 24")
, Synthetic stock,ruth recoil pad & swwel studs
~,
Wood stock may be added m the future based on ttwe~d~ & sto~ cos~
, Floor-plate or detachable box magazine (lo..w.est co"_~’l
¯ Reasonable bolt action grade trigger £c..~l~.~e tg’~’~mpe~’e pro~ct~)
Inexpensive metal finish (umforrr~.m thout ~_"’~r~);4_?
, Ine.xpens~ve adjustable 7i~Ns op~nal~.<*-: 1;:,
.
¯ Accepts after-marke~.-’_~cbpe ~s~tfa’~es not mgtuded ruth gun)
¯
¯ MSP $229 ~_ n~,~ta~1~n syn~.t~d~~. .~<"--~,’~"

,~.’

¯ T~Ze~,arzi~j.45~,~qnd~mn~t~m synthetic)

q~ T~et tlt~fi~llracturi@.". co~}103 (non-magnum synthetic)"

~ Pr,"~.sentea"~tt this document arc two concept bolt action rifles which mcct and~ in
.
"~.~ .m.gi’t}, cases, exceed these criteria. D,mng the evolntmn of these concepts it was

¯

’
. upon which ’any
. number of bolt"actton products could
~mportant
to define a backbone
grow. This backbone was derived from the thxee 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 cordigurnfion of the thre~ components described 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 saI~ety issues are being addressed by the bolt and bariel
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III, Receivers
A.

lnveslmen! Cant
The primary manufacturing goals for lhe M710 receiver are low cost and Io

¯ include as many features as possible without inourring extra cost, The investment cast
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receiver shown in Figures I, 2, and 3 was designed with such criteria in mind. The near

net shape parts which investment cast~g 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 ihey become available,
The flat panel design of the receiver (such as seen in many contemporary shotgun
receivers) was chosen to increase receiver stiN~ess, utilize chenper two p~ece stocks, and
inclusion of a rigid magazine guidance system. The flat panel receiver design has been .~.,~,
utahzed very rarely an bolt netaon rifles. This umque shape prowdes rec~ger s~.’.~e~.~ :~ ,~.~
wmcn can not be found in conventiona! cylindrica! desilms,~-~’~ith thff~ree~el" s
dimensions stretching the full height of the gtm,....t.~e

sinl~¯ iece

be replaced with a less capilal intensive

!stocks, the molds are

much smaller, i.e. much

C~ Call

~n~ller less expensive presses in

ton M100 synthetic butt stock cOstS $3.20,

which to ope~,te.:~

for:a to~ of $6.16. The single piece M700 ADL synthetic

whi

~for a difference of $1.53, A savings of $153,000 a year if i00,000
sold.

Similarly, two piece stock wood blanks tend to be cheaper than their

single piece counter parts. This is due to the facl the frequency of knots is lower the
smaller the section of wood, i.e, less rejected blanks. The two piece stock also ~mpplies
th~ opportunity for a part reduction. The recoil lug found in the MT00, and other
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 she!for any gtm store.
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As seen in Figure 3, the investment cast receiver allows for a potcntlally le~s
expensive approach to attaching the barre! to the receiver. The threading operations on

the barrel and the receiver are eliminated. The barrel is instead attached via the clamping
~,ction ofthe cross screws. This method of bairel attachment has been practiced for many
years by Sauer, and is thought to be reliable and accurate. This also facilitmes bahel
interchangeabitity, with respect to a group ofca!ibers supported by the bolt supplied with
the gun. A significant step towards the cost-effective build to order method of
manufacturing not presently incorporated in the gun industry.

~..!~ "

.Remington’s process for making shotgun barrels, Adapting this
’,d bIank approauh tu receiver design, coupled with high sp~ed machining, could

easily make receiver production more cost effective. The receiver shown in Figures 4 and
5 show one such possible receiver.

Elimination of the broaching operation in the receiver should have a substantial
impact on the ~nancials of tb.Js concept rifle. Broaching tools have a lead time of 16
weeks and are approximately $3,000 ,~piece. Replacing this operation with a drill and
xeaming operation should reduce tool cost and increase through put. Figure 6 depicts
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how the 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 after the

Remington M7Rg) and should be palatable to the traditionaiist. This cylindrical design
facilitates the use of a single piece stock, but also requires the integration of a recoi! lug.
Using the approach of embedding the recoil lug in the slock, and implementation of

bedding compound as adhesive could provide the customer with th~ impression each
¯

....
,
t~..~
.r~.
¯ m Rermngton.M70(l~es
barreled actaon
~s custom fit. The use of bedding compound
".zl~

was proven to reduce five shot gr0u~ s~ze by 3 inches (wath a 9!)~onfiden~... mN~l
a’.. "~’.~

m the 30-06 cahber. The receivers mating cut for~e i..~! h~g..~io.n be seen m Frgan:~ 5.
an-el attachment for this desu~g~, "~[t~also b~ .,mot’e:,conFC~pnal. External threads
on the barrel and mlernal ,~d~re~N. m the’~c~J, ver Ni!.~;be reqmred. In addition, these
;~

threads will .~a~,o ~e to ]~e t~d.:’i~s,.it~lue the nature the mating system between the
bolt a~n-el~esc~d in the:~ubsequent sections This method of nttaehrnent is very
}.r pre,t~il.en~,.|g thegn commumty and should be readdy acce0ted,
~
N~I.@-~?

~,~ .d~"~
A.

"

1V. Fire Control

Evolution of the 6-Bar and 4X4 Fire controls
The first component in the backbone ofthes~ two concept rifles is,the fire control. ,-

]’he M710’s fire control is the evolutionary sibling of’the linkage fire controls developed
in lhe MT00 improvements program. The 6-Bar and 4X4 were prototype linkage fire

c}.mtrols de.re.loped on the principals of reduced tolerance sensitivi~, ease ohnanufaclure,
and superior, performance. The 4x4 showefl lile most potential for success after having a
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dry cycle IiYe in excess of ] 00,000 cycles, passing all SAAMI sM*cty standards, and being

qompfised mainly of stamped and powder metal parts. ]t 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 ILnked fire control being considered is mainly the ir~berent
advantazes associated with such a mechardsm. By eltmmating the contact ~,-urfaces
between the sear and the trigger, and replacing them with a toggle system, one disperses ~,
with such issues as surface quality and perpendicularity. Connectingthe .haggefi’~o"th¢ ’~!~
..~, .~-~

.-,. %,.

sear Via a series ofllnks aIso ensures that if the trigg er is fo ~’~h~,-" ear is ",-~.
not least, the fee] and crispness of the prototyp~d;l~.~..~..,,,fire’~ntrolsx~ supe~"~r to the

production fire cont~o! of the Remha_~ton~,~odeL,7.00:::.;Oft~:~"~.ouzht._.,,...~.~...
- the best
--.~" --~.--.to be
~"~ ~-~"~.
production fire control on ~-~ m~et toda~,
The

bT:~h h~e lm~ttlatmns though. The intnoate nature of the

Bar’s~,r~n~it ~.~sitive to ~}sembly procedures. It also suffers from the highest part
.~ cou~,ofi-~e ]in~i~ fire controls (including the MT.10). While, with ~he 4X4’s simplified
~t~..~.a....~.~md streamlined design, tolerance issues have been identified with the safety and
system return. The M710 fire control addresses all these issues, while adding features
and reducing the part count even timber. Addition of a bolt lock, tolerance insensitive
safety, and the elimination of two pin joinls with a ~ngle 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 MTI0 fire control is its inclusion of a
tolerance insensitive system return. First conceived by David Findlay for use in
conventional fire controls, and later adapted for use in linked F~re controls by the nuthor, a
Remingtoa Arrnz Co. Inc.
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system return mechanically resets the ftre control to the cocked position every time the
bolt is cycled. The safety system also performs the same lask every time it is cycled.
Couple these things with only .010 inch of the trigger to fire the mechanism, and an

expected cycle life of 100,000 plus rounds, the MTI0 fire control hag the potential to be
the best performing mechanical fire control the bolt action market has ever seen. For a
detailed explanation of the workings of linkage ftre controls and the MT10 rite control see
Appeadlx A. Note, all expectations and predictions ~ they. apply the M710 f~e control ~.~.
are based on data obtained from 6-Bar and 4X4 testing; dynamic and kini
or’modeled M710 parts; and the authors knowledge and

_. ~t,’,

~.~

The vast d~fference m the receivers ~ the t..W~o concept~ the Sportsman MT10

"~’~

poses mterestm~ !oo,ss~bzLita~s ~i~:;how to~pp..c~e ~t~.~e"control. The mvestmeat cast
. .~,~

~:~.. .-!~

¯

,~=

.

¯
.
recewer
of coaac6~,~" one lend -~tse~,to %.__~gger assembly incorporating
a.tagger guard

llg~,~h@.gun~.~ore rendxly known as the common fire control. This type of housing
h~.tl~b advan ’/a~e of bein~ modular, which makes disassemblin~ fl~ ~tm fur cleanin~ and
general maintenance much easier. Urdbrtunately, this concept has not yet been modeled
and a rendering is tmav~Jlable.
Figure 7, depicts a viable candidate for the extruded reoeivei"s trigger housing.
7his type of" housi.n~ consists of one lv~IM or die-ca~t side plate, which retains al.] the
p~arts (’Figure 7), and a simple ~t,9.mped counterpart acting as a cover. ThJ~ is the most
common style of trigger housing used in bolt action rifles. The R.emington Model 700
use~ a very similar type.
Rem~nglon Arms Co. l.nc.
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Safety
The safety shown in Figures 7 and 8 is a three-position tang safety. The first
position is the fire popition; the state in which the firearm can be discharged and the bolt

cycled. The second position is the safe position, the firearm will not discharge but the
bolt can be cycled, The third position is lke safe and bolt lock position, ha this position

lhe Safety mechoaism of position two is engaged, mad the bolt is rendered immobile. This
type of safety has features not presently available in the Remington M700, and could be ~I
construed as an improvement.over that Iifle.

D.

.~:

Tolerances

One of the biggest obstacles facing manufacturing during the building o~ a
product is the tolerances associated with each part. The M710 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. Fmch pivot is optimized for
performance and sensitivity during the graphical and kenematie ~alysis phase of design.
Remington Arms Co. Inc.
Coufidential

~T00391

Confidential - Subject to Protective Order
~qilli~u-~8 v. IKeraington

Set screws were placed in the trigger, toggler, and firing pin head to address tolerances
associated with distance past toggle, safety engagement, and contact area between the
sear and firing pin head. In this respect the M710 fire control should be more robust than
lhe Remington M7OO’s.
E.

Status
The M7!0 fire control has entered the fina~ stages ofpreliminap.,, design,

parts have been modeled and are presentIy being detailed. Extensive kinematic aiaaiysis
¯

has been completed on Working Model and confirmaUon of the Idnemattc resu~!.l~as
¯
’~" ~~’"~
begun on Adams. The M710 fire control has been designed
lo~.l:~e
"’~’t"on° a~erm)~g~n
’9
,~4~

M700 slave housing. This fire control assemt~ly..~g!~ at~..’~h, to ~?gt funN)cpn~;in a
,,’,~-~. ¯

~’." ~,’.~.

.;-2-

"~_

Rernmgton MT00, but is not in any way ~,. :~ -*.~ ~f~-o-fi. ,tal£[~,~i;~i This ;~ppro~eh to the
design was taken to exped~l~.e.te~.j~g, whi~,sli~Id ~x}n February 1998,
:,%"
¯~,.

,. ~ N ¯

~,’~. V;.’i BoI~ Assembly
1=, ,-

"5’~ ~;l~ "~ ¢,~.,.’~,~o

~-’~i. "~e pr~_.jed bolt assembly for the MTI0 utilizes a unidiameter approach to the

ext~.~ial geometry The entire assembly, minus the handle, has the same oulside
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 ream operation. This should be less costly .and possibly be
faster than broaching. Bolts of similar design are currently implemented in a few high
end European bolt actions.
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E.

O

Reduction in Part Comp!.e~it!’ & Tolerance Sensitivity.
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
I 1, 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 locking
m chamsm wmcn keeps the tx)It plug n’om mrmng as the bo,t ~s opened and close(a: The
large diameter hole locates the firing pin in the bolt plug, while the threaded hole contains ~I,~
........

the ’contact pro. This technique of smgle-part-multl-functionahty 13 key;’~:
to ~uct ’~
.,~.
.
rooustness an0 part count minimization
X’. 7"

The contact pin has four roles" it serves as th.~e~ntadtr~surfacg}betweeiOth~:’sear
..... ~%~’.-~’,~,~-,--..vi.-~
. ¯ . the contact
and the finng
pm head; ,t retains the fL-ing !~n m the..~finr~g
p~; tt re~qns

bushing; and it takes up all,..Nae~’~.leran~jn~e syste.~, h~htrn. Tiffs is a simple screw
machine part.,~,It °@£~’rl~go._th~%.~s[~ ,u~_~j~ent’~n the b~ll assembly, and can easily be
made t~l~llo~tJt de.~ned for str~h a task.
’~.r- ’ . ,~,’~. , . ....

T.~ ~ coh~__:~bu~fing ~s also a multffunctmn part. Retmned by the contact pin, the

R.~,~bus,~iig rolls or,-the bolt cam cut. This" rolling action should increase bolt life
’~. .d~~

sivni~cantlY, while reducin~ bolt lift forces at the same time It should also be noted,
during the 4X4 fire control..testing, n~ckel teflon coating the contact surface on the firing
pin head improve MT00 bolt life during dry cycling as well.
F.

Firing Pin and Lock-Time
The concept Ixflt body has ~i’ larger diameter than the Remington M700’s bolt

body. Tiffs allows for a larger diameter spring to be used with lhe firing pin, A spring’s
diameter has a dramatic effect on the energy to load ratio of a spring. The larger the
Remington Arms Co. Inc.
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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, Le, lower bolt lift
forces. This coupled with the contact bushing should cancel out any adverse effects in

bolt li12 forces the 60°,bolt ~ow may have.
Lock-time should also be positively affected by these changes, To keep the spring
~m buCH~g in~e b01t body, the firing p~ ~ias a s~ Shaped cross s~cdon, see Figure 6.
This star shape also adds mass to the pin, Mass was the variable found to have the most
effect on primer indent in the M700 improvements program. The higher ~

lien the whole system logether by h)corporafiug the lugs. Tl~is is not an tmheard of

system in the gun industry, but is generally expensive Io process. The barrel designs
shown in Figure 12 could possibly sercomvent this deterrent. Incorporating the lugs into

barrel is generally done by boring a pocke, t in the barrel to accommodate the bolt’s lugs,
and then pot broaching the key way for the bolt. The designs shown would be created by

Remington Arms Co. Inc.
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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 shoves a b~lt mid barrd in the locked position. Note, the only
difference between barrel designs in Figure 12 is the external threads. The.cutaway barrel
on the right does not need threads because of the clamp desi~a.incorp0rated into the
investment cast receiver.
Three Rin~s of steel ......
Both concept rifles incorporate the three flags of steel found in the Remington ’~il
¯

M700. Figure 13 shows a barrel and bolt Jn the locked position. The three.clangs

¯a 24
.’:: ::~-~;. 7.~",~ .,~
.
.~.
.,
~urro~dmg the b~e of the shell are easdy seen. The abilit3’ of4li~’~01t hea[~o ot~r~h’te ":-~, ~ ’
¯

m case oF owr pressure, and prevent the shoote~ frr"t~,e2~pofi~’e to [~raful
s~,y~
;~. "::~o.~ i~ ’
proven ~tself m Remington M700 testing. <-’.,~ "% ~{~’~

Nfl~n~g c~mng of~je ~r3ds anti’five grooves (5R) ~s the nflmg configuration
.-

of th~g~l d~g~ The Russmnv have used this firing pattern in thek sniper rifles for
ye~ l~,..~in’~}an~’~t recently implemented it in its 597.firnfire line, with very good

D.

Alternate Configurations
"/’he lugs being incorporated, into the band also has the added benefit of begin

able to accommodate black powder mad 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
gun would ,’also be possibte, but some isles around the extractor and the size of the lugs
Remington Arms Co. Inc.
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need Further inv~tigation. The key to either alternate configuration is to design the
receiver big enough to accept the outside barrel dim’actor.

VII. Magazine
Basiemlly lhree options exist for the magazine d;p of the M710: add use the
R.eminglon M700 clip, design an ~I1 synthetic clip, or create a new stamped v~rsion. The
¯

in~ deciding factor iS what’s the desired customer% perceived value, For
econom~l fircm-m a synthetic clip is probably fine, for a hlgh-end ~earm remslanc~
would probably be meet In any case the only novelty assoemted with th~ o~ncept~ih~J
MT10 clip is the possible use of a rear spacer This would allom~e~eive~..£
~.
mng~ of caibers wifl~ one clip. The only ch~e...nece~e,’., w6gld be ~g gpe ~I’ spacer.
This would reduce the number of m.~ _~_ ne l~bxes.r~mr~;to sup~ a line offirearrus.
~.,:.

¯~;~

"~,’ ’/~"

,.~i

What has DSv’bolt act,on nnes w ch be tailored for

¯ ag’.~"g!b’D,.

,~,- .~j~ syn .ff)5~c:/iigger, _.. guarOhousmg," clampable barrel, and synthetio cip combination should

.~ ~g’~[~ good h~gh m~r~n nile ruth enstomer er,~nomies targeted The extruded tube
receiver, one piece synthetic or wood stock, c~nventional trigger housing, taped barrel,
and ~ men clip configuration ~hould preform equally as well as a high margin bolt
aetion, but also give the customer the added sense of value associated with high end
rifles.
The areas for possible cost savings are many. i:or the investment east receiver
version they are as follows: the receiver should require less machirfing than the M700

Remington Arm= Co. ldc.
Confidential

!4

ET00397
Confidential -

Subject to Protective Order
Willia!ns v, Renuingto,n

receiver; decnzascd toJcrance sensitivity in several areas; two piece stock; elimination of
barrel threading operation; elimination of the re¢oi! lug; elimination of the receiver
broaching operation; and elimination of the bolt handie brazing operafior£ For the
extruded tube receive concept rifle the cost benefits are as follows: the receiver should
require less machining than the M700 receiver; decre~ed tolerance se~ilivity in several
..... atoms; eiimination of the broaching operation in the receiver; mad elimination Of the bolt
handle brazang operalaort.

.(~,~

The ~podant &rag to note N bo~ concept, &e des~ of ~e over all g~ ~ ~ ’~ o~
&at ~rfo~ce &ould be ~uNto be~ ~ &e Re~n~t£nq~d~l M70~ ~er ~ v
Act ~s &e receiver d~mens~o~ ~e set up to acco~. ~ magn~ ~d ~-gauge
slug shells. ~e fac~ coupled w~ ~e e~ or £onvers~n b]a~powder m~e e~&er of
¯ e concept bolt ~fion& r[~s ~able c~d~ t~eomo ~e Rem~Non Spor~mm

.~ ~:~.. ~.a ~. Mternnle Method of Exeeuhon
~ I£.:~e eye.ted &e ~vo concept rifles m fine eo~g~hons described m ~e

probably be based on how people ~ew synNetics ~d ~e cosmetic differences ~een
the firearms, not on the performance of the i’ireanns (they are expected to be equal), Due
to the fact the concept dries.have a very high number of interchangeable part% the unique
opportunity two produce two bolt action dries with minimum e~tpltal investment exi.sts.
"/’he introduction date of the Sportsmma M710 corresponding with the year 2000 also
encourages this opporttmity. Introducing the investment east receiver concept rifle ~ the

EemLqgton An~s Co. Lqc.
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economically priced 9portsman M710 makes sen~:. While introducing the extruded
receiver design as 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 sharing a common backbone of parts. This backbone approach to
gun rnanufaeK~ing not only a!lows for two distinct products, but also an entire family of
calibers (centerfir% black powder, and. shot Shell~. TIii~ approach tO new product deign
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