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1o The ballistie eoefficients of Coliber 0,50 aircraft ammun itdon A2

- eurrent, production show satisfactory wnilfornity ameng different lot-
some menufacturer and among different man ufacturera. The wniformity =2
Caliber 0,30 alreraft ammunition of current production iz exeellent,

AVErase 65 of varlous types of bullets of 511 monmfacturers sra:

Caliber 0,50 = Caliber

Standard Devia- :

o N . éverage C5 all tion betweon Average 05 all
Bullet . mamifacturers  manmfacturers memifocturers
API M8 , 0432 : 006 ‘

AP N2 W58 L0060 256
Tracer M1, steel jacket /46 L012 L30T
Incendisxy ML A3 009 Rl
Ball M2 A0 .006 : L280

-

2« The ballistic roefficient is rather sensitive o the blumbnocs o
bullatis nose, and to the shape of its boattoil. For Gl 0,50 bullehs

tio

increasing the diameter of noze shove itz present o

ineh will decrease the hellistie coafficient hy @ho\ s for Coliber
o helldetd

ficlent by about 5%, Rounding the edme of the borttail of bullet 2l

-btlets a similar inererse in nose diameter will deevero

to deerease its balilstic aoeffioicnt,

8, The ballistic coafficient of & tracer is inerenssd

v

tioning of the tracer, TFor Calibor 2,50 frscer the lncrease in
for Caliber 0,30 tracer this increose is shout 357,
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3. The effeect on the ballistic coefficient of o Coliher 0,50 mmllet, ~f
various errors which oceur during *V:gn Tirings has heen investigrted, Tie
eryors considered are in mb¢ﬂ"r'nf © o digtnnees betwern nickenr devienn, in

the time measurements, in the wind v locity, in the relative alr de
the affect of yavo The iniflucuce of the first two errvors depends warledly an

the spacing of the piek~up devices; It le 2t o minimm when the thraen
Gevices, such as two colenoid eoils ard a targed soreen, are equelly &
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“*9mént must nnf'ueguru w&de y »iom th@ b@meaLlQ da
computing sights. The ammuniticon, 'heresore, aust be
“ﬁ$l; gnﬂfhrm, and be loaded to u9“6¢i$@Q velocitlies. The
method of leoading smmunition we achieve a speciflisu velocity in
a mechine gun with machine funciioning Ais& Gultsiuwe of the scope
of tne present Report winich aeals only with the ballistic wni-
formity ef the bLLLets, :

2. To K@ep a check on the ballistic un*iormlty ol currently
preduced bullets the Ballistic Research Laboratory was r@cueotea
by the Chief of Qranancei Yo conduct firings for determination of
the ballistic coefficients of swmall arus aulletb of current pro-
duction intended for aircraft use. For this purpose all manu--
facturers were required to forward to the Research Center 50 round.
samples each meath of specified types of bullets manufactured by
them for this ballistic test. '

3. This Report is based on the resulis of these firings. Yo
date firings have been completed with 187 lots of Caliber G.50
ammunition recelved from 1l different manufacturersy 1L3 lots of
Caliber 0.30 ammunition have been fired from 9 manufacturers,

4. In part A of the Report a method used at Aberdeen is
descrlbed, for determining the ballistic coefficients of dircraft
ammunition. Part B contains data on the effect uyon a ballistic
coefficient of minor changes in a bullet!s design. In part C
the effects, on the ballistic coefficient of a Callber 0.50 bullet,
of various errors which occur during range firings are discussed.

A, Deternination of ballistic Coefficients.

1. At the Ordnance Research Ceater, the ballistic coeffi-
cients of small arms bullets are usually determined from range
firings. These firiugs are conducted by the Small Arms Branch
at their outdoor range at Micnaelsvillie.

These firings consist of measuring the initial .velocity of
a bullet »nd its time of flight to a target. Two pick-up devices
which migh%t be elther solencid coils, or Aberdeen screens, are
placed 100 feet apart with the mid-point 78 feet fron the wmuzzle,
A target, an 8x8 foot wire wesh screen, is placed 600 yards Irom
the gun., 7The times of flight of the bullet belween the two pick-up
devices, vhich will be called simply "coils', ana the first coil
and a target are wmeasured by two R.C.h. bounte# Chronographs. The
surface wind is recorded for every round.,. 1t is measured by a
portable anemometer which is located 200 yaras frowm the firing
hous2, Surface air-temperziure on the range is also recorded at
frequent interveals.

L Letter 00 471/31888, 18 Nov. 43.



2, In computing ballistid coeff cientd frow range firiag
data, it Fas been found frow wxperience thauy for the relatively
short rangss, up to 1000 yards for Caliber C.50 bullets, the uss
of the 3/2 pover law of resistance for all small cras bullets is
amply adequate. Although it is known thet coiyp
functions for various types of bullets do dif

&r, £spec

the neighborhood of sonlc velocity, at shori ranges tae bullet
velocity rewmains considerably above the velocity of sound, and
under these conditions the choice of the appropriate reslistance
function for & given bullet is not criticsal.

The advantage of using the 3/2 law in the reauciicn of Trange
firings described above is- that the ballistic coeilicisnt can be
.. expressed by an algebraic foraule as & function or Lr: average

‘velocity of tne buliet between the coils, whicit is tars:n as equal
‘to its instantaneous velocity at the mid-point, aiu ceoe of
flight of the bulldet from this mid-point to tne targét, &3 is
shown in BRL Report 346, the 3/2 law of resistance agrées w.th the
tabulated G5 drag function between velocities ol zy5 /s ana:

1650 £/s. Integration of the equations of motion of the bullet,
using the oiacci appyroximation with the 3/2 law, le&ds to the
foliowing expression for the ballistic coefficient:

cg = +059pp
W31 - B
Py t 'f)o

“.where p is the relative air density in units of 07513 lbs. per
cu. ft., p 1s the Siaccl distance along the tangent to thne tra-
Jectory expressed in units of 1000 feet,; and po is the Siacci

‘pseudo velocity along this tangent expressed in units of 1000 f/s.
This ballistic coefficient is legitimately designated as C5

because, for practical purposes, when the bullet?s velocity is
between the above limits, the ballistic coefficient computeu by
above formula is numerically indistinguishable from that com-
puted from the ordinary tabulated G5 function. The two wight
differ by about one gart in four hundred.

For computation of the bwllistic coefficients from range

firings, oune replaces p by the actual range K, and §O:by the

measured velocity v. For the instrudentation daescribed above Let:

X = distance between coils

R = distance between Lirst coll and the target

t;= tiwe of flight or bullet svetween coils

t7= tiuwe of [flight between first coil and tho targe®,
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Rf = K .= %x
i = e B
t % %tl.,

Hence, the expression for the ballisiic coefficient becomes:

v o = 2059p R}
(l) 65 1./ at
. _ ( -5

where v = % . 1L the midépcint of coils is at 78 feet from the
1 .

‘muzzle then v is called Instrumental telocity. After €5 is found
the wuzzle velocity is given by | ’

() vio=vE ot *QgQ“P' where P is the aistance frou
: 5

the muaale to the wia-point of the coils.

If wind is present and W be the range wind in units of 1000 /s
anua il 1t be regarded positive if blowing in the airection of tiae
motion of the bullet, then to correct for the effect of wind one
replaces, in eq. (1), iV by R = wt', ana v by v - w.

, 3. In asddition to tine approximatious of‘replacing'p,by R
“and ﬁo by v, which for short ranges are entirely justifiable,
equation (1) involves two more approximations; (a) the averdge
velocity between coils is egual to the instantaneous velocity a

the mid-point, ana (b) the correction %tl is equal to the time of

fiight of the bullet from the first coil to the uwid-point. It can
be easily &hown that for the Caliber 0.50 bullet whose ballistic
coefficient C 5 is 450, and whose velociiy at tne first coil is

2800 f/s, the difference between the average veloclty between
colils v, and the velocity &t mid-point vy is

vy = ¥ = 4.3 %~ f/s,where x is the coil separa-
tion in units of 10Q0C feety also the difference between t; and
the time of flight to mid-point t  is approximately
b=t = 7.17 x° williseconds. The effect of

these approximations on the ballistic coefficient of the above
buiLet is illustrated in the fcllowing table for wvarious coil-
sparations:

!f‘
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Renge 200 yards

+,0003 +
0014
0068
+.0382
+

At a range ol 600 yaras with Our wususl colil separation of
100 feet the effect oi these spproximations 1s negligibly ssaall.
But ss will be snown iater eguation (1) can be easity transiorwsed
50 48 to avoid even these . apaoroximations.

4. - The ballistic coefricrents of various Caliber V.50 and
Caliber 0,30 bullets Irow sawples of current uroauection iots are
sulisarizeuw in Tables I, ana [i. Wwith tae exception of LPI M8
bulletsy eacn eatry in Tables I, and Il is the averazge ballistic
coeificlent bused on rive rounus fired Irow a particular lot.
For API M8 buliets each entry is based on ten rounds.¥

All bullets which coulu be magnetized to activate solenoid
colls were fired tonrough colls. Caliber 0.50 incendiary #ml, gilde
ing metal jacketed tracer Mi, and wtil recently, balli M2 could
not be sufficiently wagnetizec and were fired tiorough Aberdeen
screens. Qf Caliber 0.30 bullets only AP M2 buliets were fired
through -¢coilss , '

45 has been shown in BRL Aeimo Report 240 the ballistic coefw
ficients of bullets as inferred from [irings tarough aberdeen
screens are sysieuwaticadlly Llower faan those found Ifrow firings
through solenoid coils. For Caliber uU.50 AP #2 bullet tihis aif-
ference, (g (solenoids) minus Cs (screens), wuas founa to be about
.02, but it varied from ,ULl7 to .05, probably uepenurng on the
- thickness of tinfoil of the screen. This difference Ls deterained
anew at each firing by incluaing a stanuara AP m< Lol .®%

A study oi the effect of screens was mede only ror ‘aliber
0.50 &P M2 bullet. However, rirings with Caliber 0.50 steel
Jecketed truacer Ml; which coudla be fired. througa colls and screens,
- nhave shown that tae effect oi screens oa tais puliet 1s the saane as
on ftne «P Mg builet. Lt was assunew, taereiore, laat tne saue
correction would appuly to baidl and iaceadizry bullets.

% mhe names of the manufacturing plants have .been omitted in order not to
raiss the classification of this report and thus limit its eccessibility.

Instead, the plants are named by lettsrs 5£,B,G,».6tc¢. The names of the plants
can be supplied upon official request,

**There appears to be little doubt that Aberdden screens cause the bullet to

slow down; For Caliber 0.50 AP i2 bullet when fired at 600 yards range through
Aberdeen screens the observed delay in time of flight is about 6 milliseconds.

A drop in bullst's veloeity, in passing through the screen, of.l% /s 9on§niu
butes ounly 0,5 millisecond %o this delay. Tho remaining p@rﬁlog ray be due o
an increased yaw of the bullet induced by the screens, or 1o an increased blunt-
ness of bullet's nose, The increased bluntness. may be caused by vsrt of the tin-
foll of the screen sticking 1o bullet's nese. No direct experimantal_avidence: is
availabls to substantiste either of thess possibilitles, However, studies of the
sffect of bluniness of bullet’s nose on its bullistic coefficient indicate tbat

if twice the thiekness of the tinfoil, about ,C05 inches, is folded arcund
bullet’s noss, the bullet will be slgwed down: by the observed amouni.

VSN RN



For'Caliber Q.30 buliets a siuwilar correction for the effect
‘gereens has been determined. from f¢rlnos wito & shandard
_Cal;nef 0.30 4P M2 lot. :

~

All balliistic ccefficients in ¢dbles L, ana I1 have been re-
ducea to solenolid colia a8 stahdara. o

All firings were with new or onl, «lentlj worn Mann barrels.
Eor C¢L1ber 0,50 anmunition 36" barrels were u»eu, <4% barrels
- were uged for Cs llber 0.30 amaunition. '
' Table I
bummary 01 tne bal¢lst1c coe*1;0¢ents (bs) of Caliber U. 50

' bullets of cuvrent proauctions

Oranance C Tracer Ml
Plant APL M8 AP M2 steel jacket Incendiary ML  DBall M2

A . 468
454
/ | 467
B - 432 459 44l ‘ 2403
432 .454 W 440 413
t h e432 0459 aL’Pja nl{agﬁ
| 435 452 434 408
SY L LR8 450 DL AN
<420 451 .444 .398
AR
o R
LRl
c 439 452 415
<430 ) ' <406
c438 L e e e : N ® Jul.
« 440 ‘ o410
443 ’ « L0OY
« 440 '
o boydy
o bl 2
<439
< bdy2
o439
o dpdy
D 4R o457 » 467  4UY
« 4349 <450 455 405
437 <456 461 kD
o b 32 Y « 458
o438
a-‘fl*jl» -
E o bd T 451
cA5L :
<450

-6 - : RWKATRTOTRD

S s oo i st i L



Qrdnance

~Zlant APl A8

¥

By .

Mean

No.of lots

© w439

o 4&9

<454
. 460
<458
<459
<460
440
437
~dtyR
o bydok

« bty

43

AP AZ

ABE

473
&0)
° ILO&

459

458
<458
402
L02
<459
451

453
o404
457
460

466

402

-453
Y
474
-458

453
.457

406

<459

452
466

461

456

L4062 .

<458

48

st&u¢ JQCAGL

o 4RO
457
450

aq34
. 44.1.
436
436
o bl
436

- 44,6
475

s

N
B

lncenciary Ml ‘ball M2

405
<4006

b2l
bl
.42l
420
Ak
iRl

428
423
430

Y

L2l

425

399
<405
<408
o 48

VAV

453
aqu
401
405
458
W 4OR

<463
407
464
<455
472
470

461
< 460
- 404
454
458

.460

19
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‘Table I (Luntinuea)

+

Gilding metal jacketeu Yracer Ml

AT
-473
<404
A0
. 460
Bl
498

- dyuare base luceaulary Mi

¢ 8
LA W\

0 G
-3 00 =

* &

[v,
B

“fracer MO
gilding wmetsl

steel jacket

e
Lyl
<437
5z
452
450
<456
o 441
« 440

. 4,68

BESTRICTED



Summary of the ballistic coefficients (C.) of Caliber 0.30

, 2
buliets ¢f current production.
Ordnance
Plant AP M2 Tracer il Incengiary Wl bali 2
AT . 261 WR9Z .250
L . .R60 A ‘ 2he
.263 .31 - : W 250
202 . 308 o RLG ..
.R59 - .305 ' o 251
"B o257 ‘ S W R24 <243
253 ; co W R3& e 248
.R58 , ' R2T . e R43
L2061 : ) WR45
: : 222G ‘ <248
. 250
C .R59 .288 " 224 o RLdy
« 259 o #3304 CR24 « 245
253 283 <225 o245
. 265 ‘ ' .R27 <247
o255 '
Iy <255 . 305 ' 253
258 B . 307 ’ <251
-255 _ . 305 e 254
B : L2600 «253
.260 ‘ 'e253.
. 261 , 2253
.263 ‘ «256
261 ' :  .252
F ' < R4T .31z ' 2253
o247 .308 250
«250 .308 S : ' .252
46 298 , - 4250
«R57 . 305 . I L5101
-G «253 295 . _ +250
.258 +293 . . 250
.253 T w295 ' o ' 252
<251 «299 ; 252
250 <298 , : 251
: 252
| .25l
H 257 294 , « 249
2254 . 304 <253
. 255 259 257
«R51 . 309 , « 455
: -9 - | EBSTRLCTRY
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Table II {Continued)

Ordnance . .

Plant AP M2 ;racer M1 Incendiary Ml Bull M2

I S R , L2458
Ry

« 240

V247

fean 256 L300 C.227 0 .250

No.of lots 36 25 9 43

For Caliber (0.50 ammunition, the baliistic coefficients -
show satisfactory uniformity among different Lots of the saue
manufacturer, and aaong different manufacturers. The high degree
of wniformity is shown by the small standard deviation of the mean
C5's of individual manufactirers about the mean C5 of all manu-

facturers:

Bullet - ., hverage C“ s.d. between No. of
' B all manufactLrers manufacturers wmanufacturers

API M8 «439 R .0Ub 6
AP M2 J45E 006 C11
Tracer M1, steel Jacket .446 ' 012 5
Incendiary M1 414 ' .009 7
Ball M2 . 460 .006 4

Tracer ammualtion is sowewhat more discoraant; Probably this
is to be expected, since the ballistic coefficlent of a function-
ing tracer is higner than that of & non~iunctloning tracer. 1Its

value, therefore, is likely to be influencea by the rate of
“purning, of the tracer nmixture, which wight be subject to some
variations. It nas peen noted alse that tracer bullets show
larger variations in bluntness ol ncse between uwanufacturers than
other buliets,which contrlbutebto larger dispersion of their
ballistic coefi1c1ents.

) Caliber O,JO amdunition snows excellent uniforiity zmong
different lots of ‘the same manufacturer and awong different

wanufacturers:
Bullet Average 05
ali manufacturers

Q. between No. of
nufacturers manufacturers

AP M2 .256

-004 3
Tracer M1 .301 o .005 5
Incendlary M1 <22 003 2
Ball M2 .250 .003 K

- 10 - RlpLRICTED
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arms bullets of sma
eftfect cf tracer.

In the mass proauction of bullets, sasall airferences petween
indivicual bullets inevitably oceur. Within & given plant tnes
differences crise principally from wearing ofi wacninerys between
different plants, however, the differecinces way avise from insul-
ficiently precise specifications. 4s an 2xaaple, the diameter of
the nose of a bullet is specified in the drawing only by its maxi-
mun velue. Thus certain Caliver 0.50 bullets of current production
were e“ccuntered whicn veried from .08 to .16 inches in noss-diaumete
The shape of tne edge of the boattdili is not specifieqa, with u re-
sulting and consicerable variation zitong bullets of the same lot,
as well as among different mdnuiacuurers.

1. An excellent illustration of silall variations in shapes
among bhuliets belonvlng to tie same lot is to be xounu in the suu-
mary of measurements by the Inspection Gauge suboffice® of four
types of Celiber 0.50.bullets. about tortj bullets were measured
of each type. The following summary is taken frowm this letter.

" o NOTES ON .50 Cab. aRMOR PIBKCING

Bluntness or dia meter at int. of racii varies from .lcZ to .1l47
approximately.

Measurement from point to lnterbect¢un of radii varies from .020
to .031 approximately.

Radius of nose varies from .100 to .130 apyroximat@ly.

Deptn cannelure varies frow .007 to .0L2. nUies oxn cannelure are
irregular but vary generally from 5° to 10°

Diazmeter core appearing variés from .07C o .180.

Lepth from base to core¢ varies from .0X8 to .U50.

Peints are flattened up to .006 and flare at the side up to .004,
due to insertion.in case Dy pressure on point.

Radius or chamfer on base varies to such an extent that it is im-
possible to give a general description regarding condition.

i

. NOTES ON .50 CabL. TREsCER CARTRIDGES

Bluntness or ' dismeter at intersection of radii varies from .120
to ,150.

Measurement from point to intersection of radii varies from .Ql2
to .029.

Raaius of nose varies from .1l24 to .1606,

Depth cannelure varies from .004 to .(QlO.

The chamfer or radius on the base and its point of origin are so
irregular that no approximate worthwihile description can be given.

Due to pressure on the point when inserted in the case, these
cartridges have a flat on the nose upy to .004 and flare out on
the ogival radius up to .004.

% Letter IGO 413.6/30406, 22 November 1943.
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Bluntaess or alametec dt intersection.of radii varie$ from .1ib
to JLli4. 4

Measurement from yOlnt to intersectisn or raaii varies from 025
to .u44

Radius of nose varies from .078 to .090,

Deptn ci front canunelure varies irom .002 to UL,

Depth of back cennelure varies from 004 to OlD.

"Boattail radius where it 15 unpainted averagss approXx. ..70.

Points are flattened upy to .006 froi pressure on theéin when ine
serted into the case.

Radius of chamfer is too variable to give a wortawhile general
statement on the condition. ’ _

Ogive flares up to .005 4t point causeo by pressure on the po
when inserted into tiae case. THote - . ALL dncenciary. cartr
'should be inserted in case by pressure on the ogive.

NOTES ON .50 Cal. BALL CaRTRIDGES

Bluntness or disimeter at intersection of radii variesfrom .118 to
137,

Measurement from point to 1Ater°ectlon of radii varies from .0L9
to .035.

nadius of nose varies from .0%0 to 122 approximately.

Boattail radius where the cartridge is unpainted averages approxi-~
mdbbly .160, however, paint on cartriage often proaucbs & step
of two to tnree thousandtas.

The chanfer or the radius and its point of origin are so 1rredular

that a general stateiment oi conaitions is alumost possible.”

Diameter core appearing varies frouw .UvuU to .210.

Depth from base to core varies Irouw ,039 to .U53.

The point is flattened up to .005 and there is a flare up to .004
on the ogive aue Lo pressure on tue ko;nt when insertea into
the case, | ‘ n

, These differences were found zmong buliets belouging to the
same lot. A mean value of a gilven variate wmignt be wiifereant
for another lot and awong different wenufacturers.

2. Change in the design of Czliber 0.50 AP ¥2 bullet, 4in
1943 the design of tne Calibver 0. ﬁu armor plercing bullet was
altereds: the "French' cannclure of the former AP M2 bullet was
replaced by a square czanelure, and tne formerly snarp edge of
the boattall was slightly rcundea, in a new design. Jin addition,
the weight of the buliet was lowereu by about L2 greains. The pé-
duction insweight was caused by supstituting a mengenese umolycbenua
core for the tungsten caromiuwm core of the former bullet.

Thnese changes were discovereu .ccidentally by the Ballistic
Research Laboratory when it was fouwnu that the ballistic coeffi-
cients of AP M2 buliets from a certain St. Louis lot were 7.5%
lower than the ballistic coefficients of ~¢ M2 bullets from certain.
bran&fera Arsenal lots that aad oeen used as stancards in sall
previcus firings. '

- 12 - REoTRLCTLD
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ose by the krunx*oxu arsenal. The

manuiactureu for tais pury e
, bhrough solenocia ¢oils, were as follows:d

results of these firings

Caliber 0.50 aP M2
Ca,

Hase aneLlure "bullistic coeificlient
“s5

Rouvnd Trepeh JALTL :

Sharp sguare JALBZ

sSharp PP ens LIS

nound . Sguare 458

_Ihe effect of each chan

4o
'(.

opears Lo nave beeir ay follows:

Al

Chuhge in tne ballistic’

. , : coefficient
Change froa French cannglure to Sguare - .Ul
Change frowm waarp to Roundeu base - 03
Change in weight ‘ : - .0ug

Total impalrwent - .U43

Tunese firiangs with specially preparec Duilet“ were vatuable
nrinc;pally for showing the relative ilaportance of changes in
cannelurs and base. *ne total impairment, nowever, can Dest be.
founu Ifroi a study of all available firings of bullets of btduddru
production.

From 11r1nﬁs tarough Aberaeen screens we have tae following
data’: A

Date ' ' C

5 Cs5
1943 : .
May 29 aP M2 FA 467 .458 old type Tracer Ml oL 8044 462
June 8 SL 7776 425 new type n S 457

The difference, therefore, between the olu and the new 4P M2
was .0Z28. '
The average Cg of AP M2 bullets of current production is

. 458 (bolen01a 001¢s) T effect of Aperdeen screens on AP M2
was found to be .02&%. U  average C5 of 4¢ #M2 of current pro-

duction, therefore, if Fimel tnrouah Aberueen screens snoula be
438 = 026 = 432, Tnig yEiue of bb of the new type AP M2 can

be compared with the averdge C5 oI taree stancara.lots of the old

o e . N . , . PR 1. - . .- . 3
type ol AP M2 which were fired thnrough aberaeen screens:

Lot 05 . ;
Fa 460 - 461
PhO484 <458
A 467 © . 458
average 459
?BR Jemn Renort 194,
*BRL Yemo Report 240,
- 13 = BESTALCLD



' Lo ] ol aty-
1 of two “Tollowing schea
of relative l.gortance kil tﬂe chcliges in tie =P 4% dullet:

7 the bullistic
goeitlicient

Beduction in weignt -~ L0

Change irom French to SByuare
cannelure - 007
Change from sharp to roundea base - 043
- Total - 028

Iue balllstlc coef;lclent of the old type 5P M2 bullet,
fired through solenoid ¢oils, should have been:

| - | s

New AP M2 . 45%
Impairment .08
0ld ap MZ2 486

It would have been desirable to check this result by actual
firings with old style &P mz, but none viere available., However,
the Frankford Arsensl furaished 40 rounds oi Caliber 0.50 &P Tlu9,
the predecessor of, and preswtably iaenticel with, AP M2, Twenty
rounds of these bulliets were fired through solenoid coils with taoe
resulting ballistic coefficient (Cx) o1 .487, which is in excel~
lent agreement with the expected vélue, .486.

3. The effect of bluntness of nose on the ballistic coelii-
clent. During firings of buliets of current production it was
noticed tnat thelr bluntness of uose varied over a considerable
range even among bulletls frow tne same box. Tuaese variations
are Lllustratea in the following table waich was sbstracted from
tne laspection Gage Suboffice letter referres to above: '

Caliber 0.50 Av. diam. No. of Drawing spec.
Bullet of nose s.d. Bullets max, dizm.
AP M2 L1351 005" 40 © L L2on
ITracer M1 <140 .008 40 <120
Incendiary M1 .135 009 | 39 . .130
Ball Mz .130 005 39 .120

It is to be noted that for all four iypes of bullets the measured
average diameter exceeds the values specified in the drawings.

To find the effect of bluntness of nose cn baliistic coeffi-

cient, special renge firings were conducted with Caliber 0.50 and
Caliber 0.30 armor piercing bullets..

- 14 - BUBTALCT LD



Caliber 0.50
‘Range firings were conducted through solenolia colis at a
terget at 600 yards with Caliber 0.50 &P Mz_buliets, Lot Fu7lé6.
Four groups cof bullets with different nose diamervers were pre-

pared and fired with the following results:

Group No. of rds. AV. nose 65
diameter
I ‘ 8 AL AT =0 ,005 s.d.
11 10 . i Ch 2
111 7 ik 50Y A
v 3 WL WRGL 9

These results are represented graphically in Fig. 1. From the

grapn the eiffect of bluntness of nose ¢on ballistic coelfficlents

- for the range of values which are likely tc be encountered in
practice, is as follows: '

fDiameter , : C5
LLAW A5
2 T o L8
A1 A
.14 ’ ) ‘ -438
.15 . o -430

. .16 : S ARR

: The average ballistic coefficienv of 4P M2 bullet ot lot

- FATL6 is .451. The average nose diazmeter, as measured on 20
bullets, is .131" and the standard deviation is .Q07Y. From the’
above table this bullet with a flat nose of .13% diameter has a

" ballistic coefficient of only .443. The difference between .451
and 443, or about 2%, is due, apparently, to tne effect of
rounded tip on the bullet's nose. Unfortunately, this rounded
tip is usually dumaged by thas current practice of inserting a
bullet into a cartridge by applying pressure on its nose.

For aircraft gunfire, various ity res of bulleis are matched
in time of flight. Impairment of the ballistic coetfficient of
the bullet increasss the time of flight and thus afifects the
watch, For theCaliber 0.50 armor piercing bulleft M2, and
probably alsc for other Caliber 0.50 bullets, & nose diameter
exceeaing its maximum specification value of L2V by about Q20
could still be tolerated. Larger diaweters would seriously af-
fect the match among varlous bullets. Tnis 1s illustrated in
the following table. The time delay, or tine difference in time
of flight between bullet with d = ,11" and bullet of Llarger nose
diameter ,wes computed for forward fire, true air speed 300 mi/hr,
sea level, 1000 yeards future range. Tne table also gives the
ineresse in the laterzl deflection of the bullet, in milsg, at
600 yards, plane speed 300 mi/hr, at sea level, and at 16,000
feet altitude.

- 15 - .  RESTRLCTED



1000 yds, ses level ’bea'Level

0 d1¥ o451 .000 seconas | e m;is A .0 mils

P + 44,8 .005 o R - -1
3 .43 .0L5 .6 .2
od4 438 - 024 1.0 o5
15 430 v .04 | 1.6 .8
01-6‘: '422 v i .959 : el a 2'2 . l.u?.

b, caliber'o 30 AP M2

Range fL;anb veza COHQLCLGQ :nrouéu bolbno;usOAWH at a target
at 600 yards with Caliber O 0.30 4P iz, Lot ¥a355, Different nose
diameters were obtained by fllln” the bullet!s nose. The results
are represented graphically in Flg, 2. From the gzrapn tne‘effect
on the ballistic coefficient of tae bluntness of the bullet's
nose, for the range of values of the diameters which are likely
- t0 be encountered in practice, are given bel.ws

d o C5
06" 259
.08 <240
09 1238
40z

, For aircraft fire the 1ncrease 1n time of fllgnt to 600 yards,
forward fire, true air speed 300 wi/hr, sea level, and the in-
¢rease in the lateral deflection in sidewise fire at sea level,
and at 16,000 feet altitude for bullets with nose diameter larger
than .06" are given below: .

o 4d C. . Increase in tlme of flight Increase in deflection

o ' to 600 yds,; sea level -+ . at 300 yds :

. sea Level *6 000 . feet

06" 259 - - - .000 seconds W0 mils : .0 mlls
.07 ©WR53 - - J0Ll3 - : .6 ' ody
.08 o 246 - . 4030 1.4 .8
-09 .38 "~ .050 2.3 1.3
-lo 5229 V , “ 0077 3!4 ' 109

It appears, thereforE. that 'a nose cidmeter of Caliber 0.30
AP M2 bullets and probably of other Caliber (.30 bullsts, ex=
ceeding its specification liait of .06% by .01", or at wost by
,02“, could still be tolerated. Larger diameters would seriously
affect the matcnlng ‘apong various bLJletS.

o T S e e o VTS
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ary: istic coeif
based bullets from four lots wus found to b _355 (”"bie L)
Two more recent lots of Kewmington incenuisries Ml are boat-
t+iled with an average ballistic coeificient of 406, &Ll
bullets are of the same wplbht. Thus tihe change from a sguare
base fto the boattail has incressea the pallistic LOLfl&Qleﬂt
.o Incendiary M1 by about lis.

LC
e

~ 5. The effect of tracer functioning om tne ballistic coeffi-
‘cient. Caliber 0.50 Tracer ML bullets are SQUare-buSec pro-
Fectiles. Inferred from the baliistic coefficient ol tae square
, based incendiary ML (619 grains. )tne baliistic coefficient of
non-functioning tracer \641 5r¢1nb) shoulid be .368. However,
the ballistic coefficient of & functioning tracer is .446 (Ltable
I). Thus the effect on the balliistic coef11c1ent of Caliber 0.50
Tracer M1 with a functioning tracer is to ipcrease the ballistic
coefficlent of an otherwise rather poor bullet by about 2lp. '

- Certain experimental Caliber 0.50 bullet has a boattail und
a tracer, Its ballistic coefficient is .441, and its weight is
612 grains. Without the fun.tioning tracer its ballistic coeffi-
c¢ient should be .406 instead of 441, or an 1ncrcase of about 9m.

For Cualiber 0.30 Tracer M1l bullet the increase in the balliss
tic coefficient because of a functioning tracer is even greater.
.The contours of Caliber 0.30 Tracer M1l and AP M2 bulietz are

- very similar. Their ballistic coefricients and welghts ares
Caliber 0.30 05 Wolzht
AP M2 256 165 grains
Tracer M1 . .301 L42

Tnus at 142 grains the ballistie coefficient of a non-functioning
tracer bullet should have been .256 x %ﬁ% = .220, whereas ‘tne
ballistic coeff1c1ent of a functioning tracer is .30L, or an
‘increase of 37k.

The 20mm projectile AP T9E5 with the tracer ~.s its baliistic
coefficient increased due to a functioning tra only by about
3%. The data are:

< Weight
20mm AP T9E5 with tracer 413 2000 grains
CAP mv;5 with 1nerted :
tracer 401 2000

- 17 - RESTRICTED



an empirical formula

\ = wotf 8V,
C - Ct = kC (éyu

- where C and C! are the ballistic coefficients of functioning
and non-functioning tracer respectively, d is tine diameter of
tracer'hole, D is the diameter of the projectile, and k is a
constant. I{ D is expressed in inches, and the ballistic coef-
ficient is referred %o the type 5 drag function, or the 3/2 power
law, the constant k, adjusted to represent the cbservations, is

. found to be 0.102. Thus the effect on the bdlllbtlc coefficient
fC5 of tracer functioning is

C, - CL = 0.102Ct.g L.
;- o {92

The follow1ng table lllustratea the 49911Cdt10n of this
formula to the tracer bullcts dlacussea above,

Projectiles ' .‘ ?ﬁB ca D ' Cs‘comp. 05 obs.
. Caliber 0.30 Tracer'Ml. 220 .L7"  .30%. .302  .30L
' 0.50 Tracer ML  .368 .36 .50 b9 <446
- 0.50 Experlmental .406 RR W50 W44R Al
20mm AP T9n5 ; 401 .30 79 o Lydndy 413

In‘spite of excellent agreement between observed and computed
ballistic coefficients the above formula should only be used to
obtain gqualitative estimate of the increase ia the ballistic
coefficient due to a functioning tracer and not as a substitute
to actual firings.

C. The effect on the ballistic coeffic:
various errors in the instrumentation.

As was previously mentioned, equation (1), part i, which is
used for the computation of ballistic coefficients frowm range
firing data, contains twc approximations: the average velocity
between coils is assumed to be equal to the instantaneous velocity
at mid-point, and the time of fllgnt of the bullet from first coil
to mid=point is taken as equul to onc-.alf of the time of flight
between coils. .It has been shown tu:=. the effect of these ap~-
proximations on tne ballistic coefficient, when the separation
of the coils is 100 feet anu a target screen is at 600 yards,

{our usual arrangement) is negligibly siall.
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avoids botn of the above apyroximatious. LEt Xy and X, be the
Jistances, in units of 1000 feet, betweeu tne Ilirst and second
coils, ane between the secona coll ana & target respectively;
Let tl‘ and th be tne corresponding times of fiignt. Let A =

H

Xy * *n be tdv range, ana t =t + % We muy consicer two -

‘cases depending upon tne naturs ol the nook-up ol Lhe tloing

~devices: a) if we reckon coils Lfrom the wuzuole as i, 2, and 3
(target) then the first electronic nobnter may be ¢omnécted to
coils 1 ana 2, and the seconu counter to L and 3; in znotaer
.case b) the connection would be 1 ~ 2, 2 - 3. as rewritten,
quatlon (1) assumes.the Tollowing forms:

‘Case a) ' 1
o . (R—x JX b t( =t ) B
o e = .059pR% [ 110 )

Xlt - ‘hti

Case b)
Cg = .0599R%

_Lx;xztltz (tg* tz)l;f%

Xltg - thl

L

The two equations are identical but each is expressea in terms -
Jof quantities directly measured auring firings. To correct for
wind one replaces R by R-wt, Xy by Xy =Why, and X, by Ko wt, where

w, the tail w1nd, is 1n units of 1000 f/s.

2. Brrors in C5 arising frow errors in x and f£,. The follow-

ing errors were computeu for a caliber 0.50 bullet with & ballistic
coefficient .450 and a velocity at the first coil of 2800 1/s. F
The 1nbtrumentatlon uorreaponda to case (a) above. o

ﬂable IV
Error 1n 05 due to errors in x, ana R
u1gtance between Error in the ballistic coefiicient:
coils x K due to a one~inch due to a one-foot
o . ..%. -errer in x : ‘ error in R
-~ Renge - 600 yas = - = 300 yas 600 yus 300 yds
05 - =-.0051 -.010Y +.0018 +.0075
Ao S .0026 0058 . .0019 0079
2 e ; L0014 LOU33 ‘ - 0020 .0050 -
o = -, 0008 <0023 L0022 .0L26
6 : ‘ ..OOD6 026 - L00%6 0208
08 . 000056; R -00058 -0031 +w06l7

<ng 5 - =,00056 DA +.0038
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t,
ceient. ©Since electronic counters were installed at
ps

‘of the measurea tige interval, and probably are du

measureg to attazn

y
& .1:@&& e

3. Brror in Gﬁ due to_en erroncous vaiue of tne wind, An

errvor in weusuring the wind causes zn error in 95.05 ~. 00060,

whers &w = witrue)- V&u&@%ff"%};5 in wadles pey nour. Yhe errow
in © dus £9 an error in measuring the wina ls very nearly inue~
pendent of wina-velocity, range and coil separation.

4o The effect of timing errors on the bullisti

Arns range at Micheaelsvillie, they are belag used e iv
connection with range ;irings Tor determination of ballis?
coefficlents of small qrms ‘bullets. At the beginning of
firing prograam, 1t is our prazctice to chieck the two count
against each other. This 1~ done by measuring the time of flight
of the sazme bullet on both counters simultaneously. small system-
atic differences Detween resdings of the two coun®-rs occusiocnally
appear. These differences incresse with the rang wmd the length
in part at
least to silight differences in the iceguenCLeb of “two counters.
At 600 yards rauge tnese discrepancies seldom excs L0353 milii-
seconds. It is believed that barring gross maliudctioning of the
counters, whicn can be easilyv cetectea, tne systematic and random
errors of the counters theuselves are probably small.

S

However, in range firings, counters are ccnnbctea to soie
sort of picl-up aevices. LErrors, which are much larger than the
intrinsic zrpors of counters themselves, are Known to occur in
such counter pick-up systems., An example of such an error is the
time lag between the instant the bullet passes through the sole-
noid coil and counter response. Combination of different types
of pick-up devices, such as solenoid coils and wire umesh targe
screens, for which time lags are diffc¢=nv, introduce errors

into the measured time intervals which, in cpzudln circunstances,
may become very serious.

The following results were obtained in measuring the differ-
ential time lag between solenoid ccils and the target screen.

‘The coils were 18 inches in diameter with 240 turns of wire. <Lhe

target consisted of two fine wire mesh screens mounted on a
wooden frame and separated from each other by strips of 1/4 inch
ply wood.

Differential time lag
coll-target screen
‘ T : milliseconds Distance .8t
Caliber 0.50 1do. rds. @ean .G, coll ~ target
AP Mz 5 164 0Ls 150 feet
\J:’b?i J"Lé 4 -] AyOﬁ ? 005 l;LO
Tracer #1Q 4 408 LUL0 L10
The standayrd deviation is that of a single round.



fcr P M2, wos cetermined in October 1943, the other two in
June 1944. Tnus tae times of flight of all firings using sole-
noid coils, preceuilng the June ly4h firiag :;w:r uerzeczmu gy

L0 &¢*L$geggnuaa However, i G2

increasing number
with 500 turns, ih
wire wesh target ¢
sdvantagecus, therefore,
55 is practicable,

. The effect of timing errors on the baliistic coefficient of
“a Caliber 0.50 bullet, whose ballistic coefficient i1s 450 zna
whose velocity at the first coil is 2800 f/s, nas been computed,
with various colls separations, for tie hook-uy arrengescits ol case
(&) and case (b). For case (z), let 0t and bt be the errors, in

milliseconds, of counters connected to coils 1-2, and 1l-3 {(target)
respectively. For case (b), let btl and bt be tne errors, in

milliseconds, for the counters 1-2, and 2~Q respectively. The
effects of tnese errors are given in Table V.

.Table V

Error in the ballistic coefficient 05 of a Caliber 0.50 bullet
due to timing errors. R ‘

Case (a): hook up 1-2, 1-3.

Distance Range 600 yards Range 300 yards
between oC, - . aC : dC,., ‘ by
“¢oils ‘1 , A i
.05 + ,1695&tl. - 00380t + .3622btl - J0L81dt
.1 L0866 .0039 1909 L0192
R - 0453 0043 1074 .0219
oy ©.0251 L0046 L0728 : .0304
.6 0189 L0054 ~.0780 .. .0502
1.0 01l59 .0079
1.2 + L0174 T - 0105
Case (b): hook up 1-2, 2-3
aC, oC. oC, . oC
aO5 + a16585t - ,90389‘5» + 344101}1 - aOlalbtz
.1 L0827 .0039 1717 , 0192
2 L0412 2004 : .0855 L0219
2 b L0204 L0046 - 0 0424, 0304
o6 L35 : L0054 ‘ L0280 L0502
» 5 - 0100 L0064 + .0209 - L1484
1.0 -G080 L0079 ‘
1.2 + 0066 - 0105
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ove ,
than tnat of c¢s

Table V shows that if relative t
separation is small, The .wore cccurat
be gormected to f;3 c¢ireuit 1-2. The
I ne timing €rrors are Concerne
hétn éqpb&$y buaCQu colls are =g accurate as e
with coils senaratea by 100 feet. The values in itae tao¢e uneu¢d
be nearly correct for all types of Caliber 0.50 bui ets.

o the range, the coils!
Y e e
Tt

oi

3

5, Error in C, due bto error in thé
5 A it

The ballistic coefficlent is directly propo
tive alr density. Thus the error in C is

; 0 \ o L !
6C = ¢ 22 where 5p is the error in tne rela-
P

tive air density. &ir density depends on barometric pressure,

air temperature, and to soume exient on relative aumidity. Whereas
the barometric pressure is essentially constant over any &awdl
area ol level ground, the temperatur: may vary over a cons.ocsrable
range depending upon local conditions. Thus on the Proving wround
the ‘e+PorongicaL station is located near the bay, whereas ine
Michaelsville firing range 1s soue 4 miles inland., Differences of
surface alr temperature as large as 10° ¥ nave occasionally been
observed between these two stations. It is importunt, therefore,
to observe the surface air temperature at the firing range in :
order to avoid a possible air-density error in the ballistic coef-
fi.ient. : '

6. Effect of Yaw on the ballistic coefficienﬁ 05. For yaw-

ing bullets the air resistance is greater than for non-yawing
bullets, and hence the time of flight to & given range is corres-
pondingly greater., ©Bi.ce 1n range firings the ballistic coeffi-
cient of the bullet ii inferred from its time of flight together
with its initial velo¢ity, a longer time of flight will lead to

a lower ballistic coefficient.

The effect of yaw on the ballistic coefficient inferred
from tlme of fllght firings can be computed by the formulae con-
tained in BRL Report 345n If the first{ maximul yaw 1is E)m, and the
first minimun is zero at the muzzle, then tue effect of yaw on the
ballistic coefficient of Caliber 0.50 bullet as inferred fronm

range firings at - 300 yards and 600 yards is as follows:

The effec? of yaw oun C.
Czliber 0.50 bullet

63‘ 300 yards 600 yards
0 450 : 450

2 <448 < 449

A bl : : o bl

& 431 b1

8 417 , 433
L0 . 400 ' DAy
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place

g FRF T oy 3
f the second mlnimum. gur pr ;
for

shotograpnic paper, which is
small arms buliets, {Q ieai Ve
=t from tbe FOSEAS) i
an elll

: avely located
is I leW 3y Qetwben

The sverage maxlmum yaws which were observea for Cal, U.50
AP M2, and »PL M8 bullets wore of thne orusr of 3 - 4 aegre65,
The effect of this yaw on the ballistic coefficient at runge fire
ings at &00 yards is less than one percaent, hence it was Lot
.correctec for.

To make the flirst maximum yaw as small as possible 1t is
important that firings be conducted in new or only slighitiy worn
barrels.
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