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ARTICLE FOR "PRODUCE ENQINRERING®
DESIGE OF NODEL 721
In the 1920%s, following th- first werld war, tha high powsr bolg action
rifle became popular as a Sporting Rifle. Bo doubt this was influenced by the elose
ssmatition of our service jerscmnel with the 1903 Springfleld and the 1917 Msfield,
snd ap & result of this popularity, Bemington introduced & Sporting Bolt Acticn Righ
Power Bifle based cn the 1917 Enfleld and designated as tha Hotel 30. I 190 tuts
zi?lc1nyy:uﬂnil¢nullmd improved and called ﬂ#;ihdum,vaa; -Ho-cvﬁn,t#y&qﬂhﬁﬂsulr
m;hwudiommz high selling price limfited the volume. Thus the mesd for a
new dodm@

The objsdtive ot'good_mdcm,c_n;'pl'm to thls general statement
spplicsble to meny products, "Desig for Mv snd ease of mufwwro 'I‘d.t_l‘x.ro-
sltent low cost and selling prics, while retaining appmvd ﬁamru uuld.rlp;ﬂd.bh,
introducing new features te izprove consuaer asoaplance.® in ttt-pt i bo udo
to show how this statenmt was epplied in the deslgn of the Hodsl m-vzzmm

’ - ’ \-,
High Power Bolt Action Bifle, including some.of the engineering probleas mwlvde |
EASE OF MANUFACTURE AND LOW COST o i‘ \ \\

The tolt action rifle is basically ome of the most simpla to produce. - \

Howsver, tredition as well as Paul Msuser's M/'98 Action have influenced provioﬁs
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designs to the extent that manufacturing cost was given very little consideration.
As an example, the receiver and bolt of the 1917 Enfield took over 250 operations to
complates The total on the M/721 Receiver and Bolt is less than 25% of. that mumber.
Formad or drawn parts were used very little in m amufacture until the
last vir, when apeed and canservation of material beoal; very important, There are
20 parts of this type in the /72, nome of which detract from the funaticn or
appearance, bnt.eonﬁrihuto appreoiadbly to moderats selling price .
Of the total of 58 parts in the rifle, 20 are formed, 25 are completed -
on high produsticn automatic machines such as screw machines and spring winders,
and 9 have ,uem opent!_.ohl after being partially completed on automatic
machines. Only four parts, the Receiver, Barrel, Stock and Front 8ight have a major ‘
portion of their operaticns on production machines such as milling machines and lathes.
In order to keep the investment in inventory and parts in process as low
as possible, it was necemsary to make all parts interchangsable except those few
which are applicable to individual calibers. For example, all parts in the ¥/72L
are interchangeable between calibers except the Barrel and the Bolt Head. There
ere three calibers supplied in the M/72L at present. The rifle for the 270 Win—

chester caliber is exactly the same as for the 30-06 except for the internal
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dimpnsions of the Barrel. The rifle for the 300 HRE Magnum calibar is identical
with the 30-06 exgept for the Barrel chamber and Bolp Head. - Vhsrsas 48 parts are

nuhdfo'r-'w ohs caliber, only &1 uopiitﬁa parts are nociiuu for the thr-t .

' Saveral desiralile features wers incdiporated in the new model which are
10t new, bift had not been previcusly featarsd n thely' extirely tn any single design.
Thete featurss sres ' | S ‘.; A

Y. ABalt Bandle design which allows Low mounting of & _tglucqio stant’

without mtortm. Phau mm-um :u.m or sight cl.on to - e

1ine of the opmn sight 1s muo w mm:to.tbp psqcamy ;o;- De
 the Stock when *iron® and ‘w..uopu &gnta are is;a dternataly. Toleleopo
aights are ordinerily fros 349 %o 11/4® 40 amm. mh thlaotal.
sight line 1/8% abave tho Baud.wr, thr. in uconarﬂy from 1/1." to i/z*
diftarence batwem the telescope and wetal sight line..
2, Yor thoseé shootars who object to the diffsrence betweean telescope end v
metallic lins of sight, a Stock ia available which provides a 1/2':;;gho¥

r

comb and heel.
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3. A trigger mechanism prcviﬂ#.nc & pull approximately «05* in length without
preliminary take up or oyertmve]z or backlash, This allows the shooter
totuaduuxothoannytﬂ:pnnnm|mmtnd1dﬂnmt:njtubhm:uunipgmnnx
of uight&und tu'get._ This was previcusly available only on match rifles,
however, th;n feature is. available on the Model 721 by dosigning_for 3
minima number of requi:;gd operations. . In fact after forming thers are only -
3 drilling operations and 3 grinding operations on a:l.l of the trigger parts.

4Le Short Firing Pin travel (.290%) giving a lock time of about 003 seconds
(only 40% of the 1903 Bpringfleld lock time) yet providing definitely
superior ignition characteristicss This superiority can be mooownted for
by the positive -utipg' of the cartridge in the chamber with the spring
urged e:leétnr. This makes it unnecau-u-y for the Firing Rin to overcome
the inertia of the whole cartridge and its tot;l energy is used tor- ine
dentation of ﬁe primere The result is that normal variation in cartridge
length has no effect on the ignition, each primer is delivered the full
enorgy of the firing pin blow.

5« The s;fet‘y can be operated equally well by either right or le.ﬁ'. handed

shooters, and its position is such that low mounted telescopes do not
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inxegtcrc with its operating. W.th norgal care its operation to the "off®
poiiﬁm is noisslesns.

New features are incorporated which are available in no other sporing bo;t

~
uﬂﬂuﬂx@ﬂhhttt§n;natuu;tﬁun These aret

1, Strength dharacteristics which have defied all efforts to make the action
fall under over load conditgons. The reasan for this, of course, is that
the design 15 based on scund enginesring primncipless

- 2s A new snd novel Extractor entirely contained in the Bolt Head gives better )

extraction characteristics than the cld hook types

3¢ ABarrel and Bolt design which completely encloses the cartridge case in
steel makes the sirength of the action independent of the streng@ of the
cMe case.

4s A woight very dnma#oﬁ?}bm.amqaeun,qmuoth$durum ymmdiianmr
then previous high powsr bolt action rifles, yet stronger and safer from
the standpoint of cartridge or gun fajlure.

GINEE RO
1. Barrel Strength
The exterior dimensions of a shoulder arm are limited by the appearance,

the weight, and the required handling qualitieas: To meet the atrength
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requirements in high power rifles without an adverse effect on Eppearance,

weight and handling characteristics, 1t is often necessary to heat treat

several of the partsy The barrel is ane of these partss :‘Al the most
eoono-lical way to. h?'lt' %reat stesl is in furnace sise laots, the m«
with the hishenj; strength requirements is used for calcalating the necessary
physical properties of the barrel n't;eel for all cartrid'g_u-’in'an?vone model.
In the M/72) this cartridge is the 3oo HH Magnum (300 stands for bore,
H&l for Holland and n§nna, and Magnum, a large glass of limr; in-
other words, a big *shot?)e

The highest presmure in a shoulder rifle ocours while the: bullet is
moving its first few inchp_l of travels Therefore, the chamber por‘hion
of the bmel mast ba. the strongests Ordinarily somes darinﬁ.ona of Tanet's
thick wall tubing formula 18 used for caloulating stress in gun barrels.

For tangential stress - S =P (RI2+4 R 2p2 )

R - m?

There

S = Stress
P = Unit pressure in tube
R - Internal radins
R2 = Bxternal radius
= Rgdius at whioch stress is taken
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Substituting in this formila the average tangentisl streps 1 inch in

front of the receiver using 84,000 peseis, internal prossure is 65,000 peBeie

" From thls caloulation and others & minimg xioid"smgﬁ of 80,000 DPeBele

was ostablished, In addition, an alley is nso& which will give at least
50% reduction of area and 20% olongation to prevent frag;_ent;aﬁ.on in case
the shooter gets an obstruction in his barrale An obstruction will wra.ck
even the strongest of barrels.
Action Strength

Due ta the utﬂct control of the loads used in a high pressure rifle,
the factor of safety used in the design of barvels and uﬁmsiip generally
not over l.3. However, in the /721 design -:1t was poBsible to get a larger
factor of safety. The greatest Joud applied to the bblt face occurs with
the 300 Magnum proof. This load 1s in' the ne@omm of 84,000 pessie x
+21 aq+ in.s 17,500 pounds maximum force. ﬁhe saglleat area in tension is
+48 B8gs in., in shear is .43 8q. in., and in compreesion i8 .. sq. in.
The highest probable stress then is 17,500/.14 = 125,000 pessi, The
R;oeiver and Bolt are anstempered to a yield strength of 190,000 average.:

An alloy was selected which has excellent impact properties, averaging

Izod 35 at the selected hardness.

R2501557



e
3. Ignition Characteristics

qging the primer acnlittv;tr specifications se;Hup by the Bmall Ar-q_
wd Ammmition Ugn;;uv;gsrgz Zastitate, the aisimus energy of firing pin
b].m}r for proper igniﬁ.u_n_ig} ti_zjam _haa been established. ‘l:he uonyent.ionul :
method for meapuring t§9 penuit;vity of ‘primers uses tﬁe_dxop @est mackinee
A steel ball o imown’ weight is dropped on a light Firi.lng Bin which strikes
the primer, Samples of 2§ to 100 primers are tosted at each .of u,ve;'al
heights of fall and the fraction of primers that fire at each hej.#ht u.
recorded. The ;ontromng ‘factor, under any given set of cmdit;qnp; which
determines whether or.not a primer fires is the energy with which it is
struck by the Firing Pin. The drop test data recorded in terms of height
of £all ims readily expressed in convenient energy units of inch-ounces
from the product °‘.f the height of fell in inches and the weight 9f the
falling ball in cunces, All that remaine is to determine the variables
introduced by a Agun macheniem under field conditiona. These are usually
friction, head spmce {the space from the face of the Bolt to the surface

in the chember which suppor_tu the cartridge longitudinally), sccentricity

of blow, and temperature. These factors have been evaluated and reasonable
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lﬂ-llt-l get relative to their effect on f.he:;.gtiitim;
| A blow up;iroﬂ.mtely. 8% inch~ocunces -1s-roqu!.red to compensate for
ignition wariables in the gun. EKnowning this md.the length of travel of

the Firing Pin, the figures can be substituted in the eqixatiom

E =r_Ju

D
Mp *1/3 Mgn
Faere

B = Eonergy delivered in inchecxmces, A

F = Average force of Main Spring (in cunces) between cocked
and fired load,. '

Ne= Welght of Firing Pin Asserbly,

Mg= Weight of epring :

D = Distance Firing Pin travels from cocked to fired
.position (in inches),

#Reference "Vibration Problems in Engineering® — Timoshenko.

Substituting -
85w« F _ 615 __  ,290
6145 + 4.2

F= 313 02 = 19.6 1bgs Average Force
With the average load requirements and the space in.which the spring
mst operate, & relatively precise desiga can be accomplisheds In théA
M/721 the Main Spring must work in & 420" dia. hole and over a 283" dia.
Firing Pin, The cocked length of the spring is 3,348 and the fired length
is 3.638. The paximim solid height of the spring can be no more than 2.30%

as the spring must be compressed to this height during assembly.
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A'c-erta:Ln aiour_;t of experience in spring design, slthough not absolutely
necessary; recuces the time and otfort,invc.lvodu A 'g.ood rule in designing
gon springs ia to use all the space available for spring energy keeping the
tolerances.and . the stress within reasomable limitse The extra effort in-
volved 1s in the trial and error eh;:ice of wire diameter and spring diameter.

The wire diameter is therefore set a ,055* and the 0.D. at (400", This

‘thades leaves space on both insids and outsids for winding tolersnces

Hawing set the wire diamater the maximim nusber of coils can be determined

- from the maximum solid heighte 230 * 4,055 » 41, the extra wire diamster

produced in winding coxplete coils reduces this to 404 Leaving a coil for

- tlearance brings the total coils t0 39« Then to prevent excesasive buckling

and consequent friction, the end collp are sguared and ground, leaving
57 active coils. The necessary lengths are then determined from the constant

B , pounds load per inch deflection.

e usual formila for deflection iss _
F = _8PD3N or P = ﬁ
Gd% F

Deflection in inches.

Kumber of active wmils.

Torsionzl Hodulus of rigidity which for steel wire
averages u,500,000.

Mean spring diameter (0.D. - d)

Wire diameter.

Spring load in 1lbs,

Where

AT W
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Substituting '
| R 6 -6
F 8 (,0411)37
% w 846

Since & miniium, approximately 19.6#, is desired at a length of 34931

t 8.6 h b.m.l
'&%3'3 ere engths

L = 5,773 inches

4 If reasonabls of manufacture is expected, the spring msnufacturer >
W ‘ - | ~
!
o should have ab least 108 tolerence on the load. /With a minimum free length
- _4"’————/ )

e e _'o_f ssy 5.80% ad 5 X1 load of 204, the aversge freo length was seb at

. 5494 giving a tolarance of 4 .15 x Bo6 m 1,24,

From the stress formula
P
8= -iﬁ-ﬁ- - Zu.gg__&. K  the average working stress is
(X = concentration correction = 14 a2

zaume:mgg)_e.é_(ml.oa) S 120,000 pes.d,

With s solid height of .055 x 39 = 2,145 the aclid stress is

2 edatis 8,6 1.08) = 187,000 pes.i.
This is on the high side, but acceptable with good quality music wire.

From the proceeding information it is possible to calculate the lock times

From the fundamental equations E= 1/2 MV, Z= PS and t = -3- s lock time
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i ‘ﬂ;&, vhere Bl = mass of Firing Pin plus 1/3 the mass of the Nain

8pring, 8 © distance the Firing Pin travels in fest, and P = average force
exarted by the spring. Scbstituting b e | " = 40032 seccnds
. b7 the springs Substitudd | ‘@n‘sizasﬁ.z 1.2E ) ’
By zeasursmant this was found to be very close:to actual, Lock time is

iaportant becouse it indioates the possible wmoveusnt of the arm, in the

bands of a shooter, between trigger releass and ignition of the tharge,

1.0y groater lock time mmdum'srolt.or possibility for nmsn error in

' plaaing the sghot at f.ha targot.

M. H.Salker/mp
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