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FURSWOHD -
This report was prepared by R. K. Stevena of the Cornell Aercnautical
Laboratories during his associaticn with Project Vista during the summer

and fall of 1951. It represents the opinions of the author and my not

in detail reflect the viewpoints of Project Vista.

B. E. Sage
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AIRCRAFT ABMAMENT FOR ATR-TO-GROUND OPERATIONS

INTRODGCTION

Of late, extensive and valuable studies have been made of the
aircraft wespons systems in their undisputed, but not necessarily most |
productive role, air-to-air combat. Comparatively littls attention has
been Ei#fn to ﬁhﬂir other domains of usafulnsss, in particular, that of -
tactical air-to—ground operatioms.
| A comprehensive and detailed study of this cceration 1= ﬂuymd
the scope of this project. However, it is belleved neceasary to identify
sufficiently well the governing physical phenomena that substantial bases
ere provided for recommandations .niﬂﬂr_fnr further studies or spacific
actions. |

In particular, this report will be concermned with lircrnft
armament, the ammnition azd propellant system carried tb-u-l.:ﬂ. the sirplane.
However, thulnthar parts of the system, the tarpet, the tactical situatiom,
the airplane, the firi-cuntrﬂl aystem, the navigation system, lnd_tha.gunﬂrll
logistics of the operation will be considered wherever the chraracteristics
of the armament cannot be considared indﬂ;ruriq:iﬂntly. Svecifically, this
report will | |

l. Submit a messure of aircraft armament effectivensess, I,

2. Examine systems and tactical parameters of ﬂicﬁ Iy is a

functicn, and indicate methods of maximiszing I,
3. Compare Ip's of varicus lirﬂrnft armamant l};iﬂlﬂ
L. Becommend specific actions toward obtaining the maxisum air-

craft armamant effeactiveneanss

=iV
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A ¥oegore of Aiveraft Aroament Effactivensas
S e e —————— i s

I‘bi!uul:-ittud-ithﬂut.trgm:t that an adequats measure of
aircraftl armement effectiveness will bs the ratio of the musber of
B ~bhl nbhimdlglinnﬂpﬂcuiadhmtntath—ightufth
armment installation which must be carrisd by the aireraft to cbtain

those kills. Symbolically

T,- lr  gCienir)  y Posmed IR o 1R ] Ryl Wa
h W W R ot W _ “x Wu
e '

=ﬁighﬁurmtmmﬂlHItim_
¥ = Walght of warhesad per romd
Wy = Total weight of warhead in W,
la?-u-rn.fmmEHuImiﬂmiuﬂﬂl |
ficle = Mumber of Ki11s obtained agrinat targst, T, tn g
]rt& =mmwnfunmmmmmpt.r
P(x/n)p ® Probability of kill per Mt sgainst target, T |
[Puly ® Stagle-snot probability of hit per rowd against target, T
The affuctiveness indsx equals the product of the probabdility of
Htpﬂrumd,th-pmhhﬂiﬁafhﬂlpurhitpﬁpﬁmdnrm
mmnuuurthmmmurummmummu:

_mtmt-inshll:tim

hmwm,tﬁmnfthMﬂfﬂt |
probability and the ratio of total warhead weight to orduance
mmmmmgﬁmmwmmmph e
mwmmmhg,mmmmuuu—m

"




considering iz ¥, oculy part of the ordnance system weight (ignoring
the airpiane vaight) we shall sxy that:
“r ! IPFH.-’A}IT

*\-‘Ih L_ w,‘

L

where:
Ly ® The atrcraft armsment logistic factor
For *he relaticnship betwsen L snd L see (9).
Examination of Parsmstars

!y_"l_.'aE = muhmq of K11 -er bit_par mit warhead welght.
h i

.In-pu-_m rz(mh s principally a fraction of the Yype of
"h
target, the fype of wartead, tie striking velocity, the striking
attitude, and the type of fusing. ruru-;;mm-, 1% will be ssermed
thet coaparatively this parmmetsr iz invarisat ssong all aireraft
armcment nropellant systems capabls of delivering equal wartesd -
velght, % . | | | '
- L - Afreraft armsment logistic factor. |
%hlmﬂmm, which in twn are footions

of mary wvariables pecullar to the operation, as follows:

}rhh=mmmwﬂhupumwmpt;r,*n-m.

of: : _
R = Slant range from point of relsase to tarpst

ey {11,:’,1*!) = Target (lﬁl, shaps, movmal to trajectory)

4-
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e . m=

Uy ® Dispersions of round due to all causes cther than relesss
T‘lnim-ﬂiicﬁnrmmddnlmnhmmﬂmgﬁhﬂ;ﬂ
lins, in twm a fonction of:
E = Slant range from poixt of release to tarpet
Tlllrpl-ﬁlﬂlxita*ltrﬂuu

¥ = Vulocity of round
@ ® iirplana dive angle at relsase

AL 4 ® Release errors slong sight line, in rangs, divesangle, 'I

and airplsce spesd

LA
The ratio ol mmmmmmm-w

is 3 foaction of the ratiocs of romd, m,-immlntimndmtml
mummumwwm tul We o iy , gy )

. LY
mnﬁ-mm#M'mhmmu-
. foallowss | ' -
_:‘Enmﬂmmum-m-mm
Ve ® Talocity of yound | |
Dy = Caliber of rownd
Ry = Type of rend

W
§ £ Batio of gm (or propelling systen) weight to warbead weight,

& foction afs

-3~

e

e T
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Tr:hlmiﬁ'ufrmd
Dy, ® Calibar of round
llnl‘hhl:rut:lm

K ¢ Number of rounds

rtnht-nfﬁﬂ

ﬂilﬁ:ﬂﬂfﬂlﬂ'

Hi.htinnfin:tﬂhtimniﬁﬂtntﬂrl:ldniﬁtlﬁﬂﬂimnft

Hl-ﬁightnf;m

Dy, = Caliber of rouwnd
l‘.lﬂ-rnfgm:

E = Number of rounds
rtzllhntm-

G4 = Trpe of guns

I, = Type of Installation

lhﬂuﬂmﬁqlniﬂthmm,tmﬂﬂtﬂ
of change of the fundsmewrtal variables as well as of the
variablas.

:hr-mnthnmfwhmﬂdnhtiﬁﬁptﬂnm
listad above. However, it is belisved that enocugh have besn recognised
Mhﬁhmhmlmn:mmm.
yet the nmbar has been kept sufficiently low that fairly simple analytie
expreesions my be derived. '

Thos we sxy:

B st (R, T,7y, Te ®, ¥ ¥ ‘:ﬂEﬂ)]

-

| SERET



o 290G (400 RGO 0 W7, €)M iy T)
Ly = '/sF RV
Iy = H/%F | o wh

It will be observed that f and g are functions of common varisbles.
Thersfors, Py and Wh/W, cannot be treated independently in maximising
.

An Expreasion for By

Assume z rectangular target of width, w, ﬁd length, 1, (normal
to the target). Assume that the dispersion of the weapons system my
be representsd by a linear standard Mnum of r:i in r-(-id'ugj vaad

T gg in x (length), where Ty and U‘;m-ﬂl.lmﬁdinlﬂn.

Then: ' 2 .
P=P P =~ AR
hT kb T R/E dy. - =

B |

= Eru{ré R%-ﬁé’iﬁ)

For values of h "ﬁp to 1.0, the following rela

fyiiﬂ"' ' .
o ..{.fz(’e-) f.
. e da = =_R 'er-E

dnu not introduce errors greater than 15%, the urmr decreasing with
dlﬂ:l.‘ll.uiﬂ.g valuss of h/_zu;ﬁ.
h
Thus for T~ & 1.0z
=

ST R e B R

R T B .
1

e S ik ol el e e R R el 5 B ik i e e o

Pﬂf__’l £ v

T z:u;,ﬁ' lu—HR '

with errors not greater than 35%.
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If it is assumed that the oumber of rounds required per hit is
equal to the reciprocal of the single-shot hit probability, to the

nearest higher integer,
= | L
<1,0, the maximum error will not be greater than

h
for values of :”_E.R

50%, and this error will be greatest for the least nmumber of rounds re-
quired (1.5 required by approximation as against 3 required by exact

L w
expreasion for = = 0.99).
presans R 204 R

Inasmch as fnr the trreets and renges with which we are most con-

carned, .-h-—-ﬂ.-‘:. 1.0, it is considered that the following expression

295
=
for hit probability is a satisfactory approximation.

L << |
P 2 4 w . Ar 1 2R
h"-?rirﬂll‘:fﬁ 2mR% ::-;a"‘; | W .
0 ﬂ?-yﬁ

In the above expressicn, the variables which are not fundamental

LTS q"Il.l:td v : TI il.-l fanetion of both 'U"il.ﬂd Tg’ whils

v

T . is prizarily a functlon anlfﬂr G“"i.u dafined above. It -illb-

Y
assumed that for each type of aircraft armament T, is & constant, the

value averaged from firing tests. However, as defined above,

1:.'3-: E'.S {'F{,‘FQ}'V 79?:.& £_.)

so that rj=r3£ﬁ7= conel =

('-Jﬂ (r (RN;IEJV AE ))
—| vary 1,
"'J A 'f'ﬂ_:_j

With the above assumption:

P . _Ar . _|
h — 2T R* T Hi;f.;_,'i,i_%-l

e

=




It may be shown that for a2 wme.oum trajectory (see Figore 1) tha

trijectory drop may be expranyad ss:

= = Trajectory drop (ft./ft.)

3

Trajectory drop (fi.)

"
T

Slant range (.t.)
v = Avorape welocity of rmrojectile (ft./sec.) ower slant range, R.
© = Angle of airplane flight path to horizontal at time of firing.

Vo = Airplane velocity at time of firing. '’
mQE..&'Rma[i _ 2 sV
SR = !w R V. =R
3£ . g Bieme AL
IV, V.2 SV
\V

3T i_ﬁ—u:nla mﬁuﬁ"ﬁ* g;ﬂ
- 9 2 Vw

P (See Figure 2)

2Ei_ AL _ T

= 4R 9 Rems 2R 3V
GE-.&.E = T a E IR _ar |

. > z2aVa 3 Reys a-m_ aVa Vi 9 Reme 2Veo
::JL;QE_,. Ve, 2 M. 2% Vi V% U2 2%

| S T R P I B S
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g

and that these release errors are the pri.mipu]. cnes not incirded in o

then: 3_1"5"_11.. ﬁ";l,"‘r 1:":‘ .
__5_ R {1 Ve a M—l
S T (23D 5 H‘;j.

————

e I

Assuse Tor a moment that ¥V, may be chosen arbitrarily, independent of
R, Vg, and ©, then: E

.TS-: g RW&V('LR];H—(.&EME)l
Ph

2
Ar Vour® !
Tq R3cra®
g Rer T-F(-? Ems) (*_‘EE_.) +@, a‘ﬁ..q,s)
Here we observe that if "y is smll relative to 0=y, (say 73 3 3% ),

h .
and lﬂ*&h' < | » P increases linearly with A,

and

ircresases as the square nf‘l";r

mmutﬁamiprm:lufthumb-ufth
. .

imﬁuuuthumipmﬁufr AE
increases as the mimcnl of m&

If, oo the other hand U; is large relative to T, (.-qulfr‘acré )s
and et <, P, increases linearly with A,
2T, R

; | - increases as the reciprocal of the square of ‘
g - the range |
increases as itha reciprocals urﬂ'i md Va E: |
|
|

W
L i.:lnnlfun::timnf‘i" :uuithuutfnrﬂmruplmtimnf

W, :
their relationship, the variation of Iy with V, cammot be stated. Howsver,

Wow,

LEE_. hnntlfmctimufthunthurru'ilhlﬂumptu?l'ill i
a |
function of them, so that for our assumption of an arbitrary Vays the :

by, e iy e LN s | To e e



o Fb e S T S e R SRR e = pEraie—— — == = =
A . '
:
&
" i

_mutimsurxk-ith.tr,'n, &, q-imd- dEAL are pgenerally

the same us those of P,.
It should ha observed that range has a very sipnificant effect on

Ih:. R:. (’2—17
=- (&)

K
a
Therefore, training and equipment plans should consider the wery

Ph and Ik-

conaiderable gains to be obtained by firing at short }'tn.gﬁ; (For
example, although alrcraft armor {0 protect azainst small-ar=ms anti-
aircraft fire and fragment damage would increase W,, the reduction in
safe firing rangs resulting from ita installation might ‘Il!Il increass
P, sufficiently to result in higher I,'s for the armored airplanes.)

For a particular weapon, where V. my not be independent of E,

Vas and & , the same general trends rﬁu}:a, modified as indicated in
tha above expression for Tge | .

The abowve analy=is has been hassd ttpmll.ﬁ lmﬂltim for the pro-
jectile trajectory. The errors introduced by this spproximaticn should
be explored. First it is necessary to obtain expressions for the average
valocities and their derivatives flnr the various wesgons. Thesa follow:

For bui:::
R< 6000 FL, )

V. (WHGVL}\/ >Vl Vs so0fps

_Fnr rockets:

R(VatVp) G‘u’ U’,_,__z’;)t .;,R)(mmw__.f_v "'"'G%‘}

Vaor = R*beiy&. p
: R<so0 FE.)
el Va[ v+—ﬂE—U:1 j ({U Vb/ + ?E) o]
For guns:
V= Uﬂ+yﬂ(mﬂ%avh‘:::c . . R<eooopt)
£

a
>
fo
Thealss a -
S L L . otoime o= - = . .
- x
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Thent
For bombs: :
¢ 4R 3 Rexe
ROR a2
g—:.'_:'f_\'_'fi.i.ﬁ';ﬂﬁ )
v V., 2 '-,.i‘
-A8
q;: —%——-{EM..E)-;L‘ E%E
For rocloyts: Vit |74
. AR VoteV| 9 Rewe (Z2ih .. A
‘7%:%['“(5&)] 2 (=) \ 2R R)
: - ﬂv.&_. Va Vt <9 Eﬂﬂﬁ Vi -
TU," 2 Va..(v.lub i+_!.?.._,h.. l(LQ-FVb}:'(EF‘iI i)
N _-9__ _z_n‘if'me
T = (e tancoXi+ X e
) 4 .
T = AR 9 Rese
ROR 2y )
T = Zﬁ.vq__,_ VL -~
Y. g., W\ 2 Cat Vo)™
=2 -
Te™ T(EME)%— Vet Vi) =
Then, assuming t.h-.t_t.h: errors Ars dent:
For bombe:
=___gm_gﬂ.ﬂ .a.U e L SAS
E} '{:‘-1-4{ )-J-Em.ﬂ_.a(ea%
ey
) Veth \ 4 AV,
h a(u*vb)‘ fﬂr [-(57 )q*(”‘ R B({w)(u j?:)
For guns: +EM:E;<&9§4R)3_
=L Rawee aR—l[ AV, R e /a8 R
95 Tl R +4([%:n iR te (3 "“F‘)
:rituw.u-t—‘ﬂ—&= av_ 28

R vV g
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For rockets: =
9 Kege % - z
G X Yr ) /f (Vtﬁ/j ’:%@ﬁ%%)rahg
]‘nrg';u:u: | |
-9 K R 2 ™
] z,(yiﬁ L] 1 () & lanTE

a.'lu" ‘“E—L‘J 005) for various values |

of B, Vs lnd?. cﬂmspundingtnﬂiatﬁg bomba, mcht-l, and guns,
¥or rockets and bombs, V, muttqﬂlﬁmﬂ..j’uﬂ. for guns, ‘il"iml
pot equal to zerc. Actual values of Tg as taiosn from trijuctnqﬂhlu
I are shown for comparisca. It will be observed that the calculated
rocket deviations correspond quite well to the actual, the errors ranging

'n-u-Eta?parr;unthighrnrthnbmh,'ﬂtﬁlﬂpmmtlwfurthl?ﬂ,

1l to 26 percent low for the S® EVAR, Imdﬂta'u percent low for the gm.
".':"hnﬂ errors are, in most cases, no greater than those which must ﬂ:ﬂit
from assuptions for 3. It sppears then that trends shown by the ap-
ﬁr«n:int.- analytic expressions derived above will bs gemerzlly correct
and that the absolnte valunes will not be mﬁﬂyinmﬁ

LR -
U1 bas been dsfined as dispersions due to all csuses cther than
release error along the sight line. _.Thaau would include free flight
tallistic disparsions, dispersions caused by mechanical and aerodynamic

distorbances, sighting errors, aligmeent errors and agisuth erTors.

~ll=
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It will be assumed that these errors are circular. The values given
balow are for the linsar componenta {ﬂ;;-' c_%: G 7070 (cac)). The free
flight ballietic dspersions have been given in other EnglOrd reports

(2,3,4,5) and are approximately: -

3l mils - Bomba (Exi=ting bombs with modified fin assechblies and
orop sed new faddly of borbs) '

3-T mils - Bockets (Air-fired, fin-stabilized)

1-3 mils - Cuns (Air-fired)

There have been no sat sfactery iasclations of the other dispersions
contained in ;. There! re, for the remainder of thig analysis two
assumptions as .t-r:} its val.e will be made. The first (lower limit) will
be that 'Ti is uciual to the ballistic dspersion-alone, value to be:

Iy mils - Bomba

L nils - Rockets

2 mls - Guns’ |
The second (upper limdt) will bte that T 1s equal to dispersions general-
1y found in firing tests corrected far Ty These values are approxinately
6).
? mils - Bomba
9 mila - Rockets

S mils - Cuns

. Balsase Error Contrel Requiremsnts

With .t.bn aid of the above equations and numbers it is possible to
approximate the values within which A R, 4 ¥, and A6 mst be min-
tained in order that dispersion aleng the sight line, YV, will appreach
its minimnm practical limit, 3incs

= ﬂu &
o= VG
the minimm 1imit will be 74, with A B, AT, AS all equal to sero.

- '




e I
Howaver, it will be assuméd that a miniwmm limit below which further
‘expenditure of sffor:i to reduce relesse errors would be impractical

will be:
— —
G‘_ﬁ I.Zq B c:'

2

Yoira® =120
E}E G.GGSUI;

Then for bomba and rockets:

= O6mls (T =9 mila) o =11 mils
":5 2.7 mils (o7 =L mdls) "% = S mils

Yor guns:
1.3 mils (@7 = b =ils) "= =25 xils

Yhen using the nppm::l.nu asquation fnrtT :

'.5535‘:*:'5 | R‘:‘HQV(&R) é_d..)“_,{ﬂemja

.326 72 V.~ . ol/4aR R + A AT
e (O RCE A e

| 2
Using the above equation, the maximum allowable value of & may be
.t_pp:'uﬂ.l.utnd. Then it iz necsasary to :saign marimm allowable value o
aR é?‘f.’a_. ,md AS . |
R a

Firat, it will be assumed that there are maximom lismits within which

thase errors can be controlled by even a very :ixpl- fire control system
(fixed sight, standard release range, trained pllot). 4 B is probably
tha most difficult error to estimate or control; &V, scmewhat less dif-
ficult; and A S i3 the least difficult. Xxperiences of trained gumnery
pllots, firing with fixsd sights indicate that these errors can be held
within the following maximum 1imditas:

SEL
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AR=0.52 A Vs ® 50 ft./sec. a8 =g

It will be assumed that no errors graater than these will be
psraitied. Then the necessary reductions below these lixits t-n.nti.s.fj
the above equation will be datermined, The distribution of errors will
hmhhtﬁm:nth-ﬂlmhhnﬁ:mummbulwﬂ:ﬁmh
coatrollable maximom limits,

9% _2% o
o(aR) 9(RLk) Sgtans)
R V-

With these assmmptions, the maximm alicwabls valuas havé been computed
for a rangs of V,y's from 500 to 3000 ft./sec., R ® 3000 and 6000 feet,
6 = 20° and &P, 'ﬂ'ntz,E,mymmd!,-'Emn.gm. The

results are pressntad in Tabls I. A geoaralised summary of the resclts

is given below, for T, = § ailg,

Wawpon _ Emnypge Allowshle Errors
(fe.)
a B/R A l 8
Guns (¥, 150C ft./sec.) 6000 0.15 0.1 5o
. 3000 0.3 0.1 50
Bockets - : : '
Bockets (V, 1000 ft./sec.) 6000 0.05 0.1 go
) 3000 0.15 0.1 o
Bocksts (500 ¥, 1000 ft./sec.) | 6000 0.02 0.02 29
; ’ m 'u-ﬁ “.Ej Sﬁ
Bombs 6000 | 0.005| 0.003 10
3000 0.01 0.006 1

Therefare, 1f the effect of gravity drop is to be reduced to a mininch

. practical limit, range error must be controlled within lilit-:rrul&&c:,

R

0.005 for bombs to _éé - ﬂ.l'jl for gms. Velocity and rangs error
effects, far ervors below those coatrollable by fairly =imple systems,
are neglizihls, except in the case of bombing, |

Figures La through Ls show the effects of release error on qy for

- | -
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varicus weapons at varicus rances and releass angles.

Py

Finally then, the following expressions are derived for Fy.

For bombs:

p o AV

|
"y R TR i () (A7 4= R otreletd)

o
SR X
(#< Tz g< onila) M Z S00 F}:s)(' = gooore (R % :Tj

Ror rockets:
ﬂ'=*n?]{_;$yj}; r Vo AR I 2.|'_’. A —
(teop < rmste) - (GRR i-REE (Bs)+
< a2
(o L)t < R) [~ (H%Tg*')j " |
(R% &coo Fr.) —t

For gunsi (P z.5

* .
ﬁ%ﬁj [ 4 ﬁ)_l(d;i ;ﬁ_ )ﬂ- e‘t’;z,;‘a@_*? dﬁ;)j
b4

!
Fh"" A V)?® _ - N
R N - I B Rt; Vo VAV
.. ' i — .
g.:_-:t;i 45#34!4..—) R ZSRCHE ﬂ:.j]z(ﬂﬁ +f(%+'ffu)(\i
K< ¢8cort. . - NG — | |
(P ﬁ_f) +_B tan.e Taﬂ'ﬁ -

- P
Figures Sa through 5d show the values of -—-E- | for various wsapons,

dive angles, and the limiting values of U, plotted as a function of
rm;-." Figures 6a and &b show Ph/ﬁr plotted as a function of W, for
rockets, and ¥V for guns. The marked inmm of hit probability with
decreasing ranye will be noted in Figura 5. It will be noted that oo
significant improvements in rocket kit probabilities will be made ontd]
reductions in inherent dispersions are accomplished. Howewer, im, ruvemsnts
. in bombing fire conirol above those assumed will result in significant

improvements in boabing hit probabllities. Figure 6 indicates that aa

~1%-
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]m;urhnmtrnl-mn_iuhrp burnt or mossles welocitiss
Huﬂdhhpthiﬂtdmbi‘mﬁhlbilit&ﬂ As fire comtrol
arrors are “sdnced, velocitiss mmy bs correspoodingly redesed. Tt i
cbwicus, that with perfect fire control, weloeity will have no effect
on hit probaddlity. Similarly as long as inherent disperzions are high,
barnt or waszls velocitiss may remain relatively low. As inberent dise
persicus are rednced, velocitles should be increased to improve kit
probabilities, _

In Figmre S, the hit protabilitiss obtained in Air Provisg Growd
tests with 5* HVAR rockets, using the A-ICH sight with varying degrees
of sensitivity bas been showa (7). Bangas were wocartain, wtwean 2500
and 3500 feat. mumhmmmﬁﬁmm
dﬂdﬂththluunrthfmpingwm _

Based on the data of Figure 5, Figme 7 abows the ommber of rowmds
required per hit (subjeci to the errors inberent in use of the approximsis
fﬂlﬂll]l;lwufm.ﬂﬂdm“fﬂrm.Mﬂ
bocbs and for the combinations of saximem renge errers and innerent dis-
persion and miniwm range errors and inhevent dispersicos. The mximmm
ﬁhm:iﬁrﬂuqﬂu@h:mmtm,mdu—uth
limit of inberent improvemsnt. Three target areas have been ahossn, 200
5q. ft. (spproximately that of a tank, side co), 2000 sq. ft. (a pill-
M#Mﬂq”]ﬂﬂ,@q.ﬂ.fﬁﬁﬂhﬂm
concentration). ' '

In anslyxing these data, let ta consider that s meximm of § romds
por hit are desired. Then the following tabls indicates the mexrimrm renges
in fest at wihich the various wespons may be used,

~15-
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Target Area Ournis Rockets Bombs
 Fresent Improwd | F.E. Imp. |P.E. | Imp.
Errors

200 sq. ft. E=3000 ft.| R«< &00 R<1500 | B ~000| B<100C | R<1500

2000 sq. ft. | BE=&000 . R = &000 R=LOOO | R=5000| R<2000 E = 3500

20,000 sq. ft. R= 5000 = 6000 B =&000 _E-tﬁ-t:ml R=LS00 | R~<&000

On the basis of hit probabilities sbowe, with s-eci’ications as ag-
tablished, guna should be used for the 200 sq. ft. tarpet, bozbe should
not be used, snd extremely close rances are receasary with rocketa.
Either guns or rocksts mipht bs used against the internediate area target,
but close ranges are necessary with bombe. vm=, rockets, or bombe wight

be used against the 20,000 8q. ft. tarpmt,

" _ Ratic of Total durhesd weisnt to Armament System Weight

W,
° The total warktead -ni.gl:f. carried by the alrplane:
% = NR™n
The total armement system weight:
Mg = Ng We
Vg = N, W
where: '

W, = Armament system weight
Wy T Total varbead weight

Wy * Total round weight

Wi = Total installation weight

Total fire control weight

[ ]

Total gun weight
= Nunber of rounds
Nomber of muns

*

]
]
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¥y, = Warhead weight per round
vy, Round weight

W ® Oun welght
o1 wh _ ' | _
w.p ; Hﬂ wﬂ T+ Na '-.-'i..."j -+ w,‘_ -+ - 'H.,-':L

Ng i,
|
e, Nowa , We o, We
%h N, ¥h Newi, wh
In other BEngOrd reports (2, 3, L, 5, 9) expressions have been derived

S

for i:fa- -E:— and W, as functions of round diameter, rate of fire,
veloeity of round, and subsidiary parameters characteristic of the type
of weapon. Howmver, there are no such expressions derived for #‘:ﬁ .
Therefore, in this report, it will be considered that comparable fire
control systems are provided for all weanons (weapons will be compared
for the same release errors), Wy will be :I.ncluiudlin the basic airplane
weight, and the term eliminated from the above expression. |
Bowbs |

For buﬁ, g*un.night is zero, and the installation weight per round

varies roughly linearly with the weight of the round. Thus.
ud = 0
and from (2), W, -, o
| Ng W,
WR_ - |05

wh
{considering warhsad weight to be the total bomb weight minus the stabilising

systen welght)
oo that:

h . | =0.92_
W, =~ 05 +0.04

=18
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Hockets

Aa for bombs, gun weight is sero, and the inatallation weight per

round varies roughly 1inanr1:,r with the weight.of the round. Thus

LI
*h
and from {31,
,_ .10 WLD‘L
W’ Vh/s; 200
T’f- T+ " (1 - < Yo/6500) -
WP _
W, [-15+a7/p (#MMM(J';}?PHG;E#Q;)QHFF&
M [sora 7% % ,/uwwﬁﬁfm S5 A
/Qm@-ﬂr WL roc . ;f‘;FAﬁD K

ﬁ. = HMotor diameter, inches
¥, = Burnt velocity, relative tc launcher, ft./mec.
Wa= Ratio of rocket motor weight (burnt) to propellant weight.

Wi, 1

W &= @ ¥v/6300 ,%
e ,,,ﬂm(l e bf’éi

= T+ V /@.‘EG{J
[= Wan Vb _

| wp &8500
. ﬁgw—hﬂimgﬂg V' b .
= K(e800 - ¥m v, )t (6800t V)

For simplicity, say
W

_+ K (Eﬂﬂ"vb"- :..5':@) -

v = K=03
And that
Wm - EQ(MH‘E"CM)
WP {5&(%%/)‘%}
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Thenz - Wy - 6300 - Vb ( ' /’M}

W,  28¥p+oTV

_ 800 —3 Vg (Mﬂﬁﬁf)

F740 +0.1V),

Thease values are tlotted in Figure 8. Actual values are shown for

_unnpariam- Good agreement is shown between the estimated and actual

values for the older rockets but nrobably will be approached as dasvelop-
“h

. decreases mrkedly with
Wo

pent continues. It will be noted that
inereasing V.

Standard Cuns ' =

From (L,5):

V, = Muzzle velocity, ft./sec.
Dy = Projectile diametsr, inches

r = Rate of fire, rounds per -ninut-n
We . 136 Voo + 10 ~%

i g — L2
Wi . A wy
Nen =~ N Wn
80 that: | .
b % = =%
36 Vmxio . HNa Yo I: o455l 107% 19
W E D;':' [1'“9‘*' Ny O 19.1 +- 04 J i 1]
4l &

) Ph x J0O°
Ve 136+ L9 Xa Tiq 1 . 04557 + 1.2 D Y10
Mg h

-6

For exanple, let us consider two classes of guns, a small caiiber, high
cyclic rate gun (say 20 mm., 650 rpam) and a larpe caliber, low cyclic rate

gun (say 75 mm., 10 rpm). Then

-20-
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906 10°
Vm[ 136+ 325 Na T4 0qx10°
N
Wi (?qum)= L6553 % 10
A Ver C136+37.2 N 74y, 863 X 16°

Ng

Values are plotted in Figure 9, and compared against :r:tu:l valuas.,
Good agreemsnt is found. Again, it is found that N
£

mrkedly with increasing muszle velocity. It will be noted that a
W .

decreases

nusber of rounds per gun has & significant
hmrnuﬁ#dmpurmﬂﬂnghigﬂr «% nﬂ?n:. This would
be axpecied until the total weight of the rounds are squal to or greater
than the total weight of the gun. Also, inspecticn of the above equations
reveals that for the same muzzle ﬂlmitiﬂlndmm&ﬂpurg'm, Incraasog

in rates of fire decreases ""“'H -

Recoilless CGuns Wa
From (5 and 8):
- LE5xI6 Vm (existing designs) eileg
. &‘ ,.rf 2 X lﬂqivﬂ"l (proposad future designs) (xzﬁﬁﬁ fﬂ'ﬂd}
% “*““-*”F _r+—f-——E—-—w — | |
~\.795"%h |
=145xm V ) (57-105 mm. puns)
% 6.78x 107 V"*m
Wy =L IO s
n
W‘: =0.7 ‘H’F

For an antomatic feed mechanism, we shall assums (based cn the

standard gtm} T,_ ,ﬂ‘f-fsﬂ'im' X Ig':'—_l—.l :J—

n
, o4 55

(existing dasign)




p Ty S

il
V[ 24237

(proposed new des.ign)

Than:

-,_", 8455~
vm Xio [ 16" + Dh
(existing design)
9455'1'
— Vm X160 EE'Q.E i J (proposed new design)
N .59
h = I+ ll.5x107° V-'-t
where: Dh

¥, = Weight of automatic feed mechanism
W, ®= Weight of care of round

The installation weight ahould be between those for rockets and

%
-
3

Then:
Wh | (existing gums)
- = il & ~ N OG5S T
14
| (orovosed guns)
_¥+V1{!oﬁ .5 +i_5'_1_ ._:-E.'*?:"-*-—u
. vty H(S'-QE""'_DF_/

Lat us now consider a large caliber, low cyclic rate gun (say

75 mm,, 10 rpm). Then

_Eh—..;. . L (existing guns)
Wo "+-."'n-:ﬂ” "f:f;'i‘r-r-fé__g_J

-I-

' "** d guns)
TV, 2K 10 Cled5 1o s Na
SVRZ) ....ﬂ_
‘m ]

Values are plotted in Figure 10. The same trend of marked de-

crnuanf-‘—:i- with increase in V5 is found as with guns. The
Q

h i



&

.
!-11._-_-?--:5:.“--_--;—_,--\_:—_-4-1—- LI T S
[ 4
v, ] " v

-

creased over that for the pure rocket as a function of the rate of fire

— i VER 121
uign:l.ﬂcam:n of the numter of rounds per gun will again be noted.

Cun-Lamnched Bockets _
Inasmuch as mm-launched rockets {or &lmud-hrmh rockat launchers)

are still in u:ri: development stages, there are little statistical data
azainst which emplriecal relaticnships deascribing the family can b checked.

In general, it world appear that the weight of the launcher must be in-

and velocity upon leaving the launcher, as in the case of g':m.:.' The
ratio of rocket warhead weight to round weizht would be expected to be
less than for the pure rocket because of the necessity for strengthening
the case to withstand the higher initial sccelarations. Therefore, the
over-all -;h- for the pm-launched rocket would be less than for the -_
purs rnci:ut.ﬁ Counterbalancing this, howewver, is the increass in accurscy,
the dispeninnn :pp;-nmhing those of guna.
Por the T131 rocket, used wiih the T11082 launcher

w, = 5.2 1b. |

Wy 300 1b. {1tm=huf, magazine, and fﬂd weight)
wp = 10.7 1b.
¥V = 2500 ft.faac...
Hp = 25
B, ® 650.rpm

Assuming an installatien weight equal to 0.5 L

-:;"—'3- = 0,182 @ ¥, = 2500 ft./sec.
o

This compares with the wvalues of O.LlL found for the pure rockets,

(1ight came), 0.038 for a standard gun with the same performance, or
0.095 for a recoilless gpun with the sams performance.

Y
Compariscn of '\\fh for Varicus Weapons
g

Of the weapons described, the bomb has the highest value of _Yh_

e

N T R e e L
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. bacause no propellant, or structure to resist the supporting forces ia

necessary. Tne rocket (except for the closed breech launched rocket)

requires a coaparatively large amount of propellant, but relatively

little atructure. The recolllesa pun requires less propellant than

the rocket, but mere structure. The gun requires even less propellant,
but even more structure. This will be noted in the canparis-:;n of warhead
welght to round welghts where the rocket has the lowest ratio of the thres,

the recoilless gun an intermsdiate ratio, and the gun the lowest ratio.

Thnﬂfgre, at spme number of rounds per gun, the ::: ratiocs of the
three weapcns should be the same, that mpcrn requiring the g:;ult.a:t.
structural weight requiring the most rounds per jun. Thess numbers are
tabulated below, the numbers corresponding to thl nun;::ur of rovnds par
gun which must be carried to give an % equal ﬁuthntuflrmkut,
the gun =muzrzle velocities being equal to the rocket's burnt welocity.

An interrediate welocity of 1500 feet per second was chogen for t.hia

comparison.

Projectile Diamster Number of Rounds per Oun Raquired at
10 rrm A00 rrm

1 inch o 235 - 550

2 ineh | 145 35 Standard guns

S inch : 90 : 215

1 inch — —

2 inch 2095 875 Recoilless Guns

S inch 50 1L5

A similar table based on the pumber of rounds per gun required to

equal the :ﬁ of the T131 rocket and launcher, 2%75 projectile, 650
u "

rpm, 25 rounds per launcher and 2500 faet per aecond burnt veloclty i=
-L.Eh-..




given below.

Projectile Dlametar -Humber of rounds per gun required at
| 650 r-m

275 105 ~ - Standard Gun

2175 [ Recoilless Oun

Valpes of L, The Alrcraft Armamerni Logistic Pactor for Various Weapons.
_u pru_u'ris:uzljf dafined, the aircraft aivament lagistic factor 1s

the product of the rwciprocal of the protaiility of kit and the ratio

of total weight of armament systexz carried to total weight of warhsad

carriad, Thus:

, and _;.1*; are mtually related by their dependence ca muzsle
. {gun) or burnt (rocket) wvelocities. Thelr variations as functions of
velocity have been individually discussed in previcus sections. The
| over-all variation will be disr:.uguad below. - |
Bosbs -
For bombs N 1is essentially fixed. Therefore 1/L, varies
linearly with m?}ummny of hit. Relative values of the product

of L, and the target area are given in the follcwing t-ahlé:

az > iy 9 | 4 9 mils
df{/’ﬁ : . .
0.1 9500 21,500 7k ,000 180,000
0.5 22,000 145,000 175,000 350,000
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Bockets

The variation of 1/ Ay for rockets as a function of range, v,
burnt velocity and range release error is plotted in Figure 11. It
dﬂhmtadth:tl,’i.'mhu a maxiom (L, reaches a xinimom) within
tha velocity range of the rocket. As might be expested, the optimum
velocity is somewhat lowsr for szall relesse errors than for high; scme-
what lower for large inherent dispersions than for small; and somewhat
ln-u-_ for short ranges than for long. The best comprosdise walocities
{Iﬂiéh“:i toward firing at long ranges), sppear to be appruximately
1000 feet per second for the older (higher case weight) ruchsts, and
'lﬁm.lfut per second for the newer (low case -?.g'ht} rockets., Both
values are somswhat lower than those found in existing designs. Rela-

tive valuss of the product of Lyle are shown below:

x> 3000 b by 6000 foet

AR [ T> ks 9 h 9 mis

=2

0.1 2600 13,000 | 132,500 £2,500

0.5 : 5350 15,500 | L3,5C0 . 95,000

0.1 | 1650 ‘9100 | = 8150 35,500 |
Eewar rocketa

0.5 2650 | $800 18,500 | o0, 000 ;

Standard Ouns

The variaticn of 1/Ly As rar-rt-nnduﬂ guns, as & function of range.
Ty, muzsle velocity, and range releass error are plotted for two guns
(a small caliber high c¢yclic rate, and a lurge caliber, low cyclic rata
gun, for various mmbers of rounds per gun) in Figure 12, There, optimm
velocities are also shown to be iower than standard design, approximately
=26=
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1700 fest por second for both types. The trends of variation of

optimum velocity with release error, inherent disper=ions, and range
are the same as with rockests. Realative values of the prndﬁct. of

I.'.I.Tmahnm balow.

-

Ly Ay
BR— 3000 &000 taet,
e 2 ) 2 S mils
ak
R . .
0.1 785 L550 Looo 20,000 | 200 rounds
' - per gun
0.5 1700 6653 12,000 3‘315‘:’:” Small
4 caliber
0.1 600 3500 3250 15,000 | L0O rounds| high eyclic
o Per gun rata
0.5 1200 L750 9500 23,500
per gun ' )
nf; M;ﬂ 15.5m jgjm EE,Cm Ir.m 0
caliber
0.1 1250 7050 6150 29,500 20 roumads| low cyrlie
par gun aly
0.5 2550 9250 = i 29,000 51,500 L

It will be noted that for corresponding inhurnqt. dispersions, in
t.h.nln'nu.gu of rounds psr gun shown, the loglatic r:&tnr for guns is
higher than for the newer rockets (effectiveness psr pound of {nstal-
lation weight is lower). This was indicated in the comparison given

inthumﬁundimﬁuing -‘—fr'- « The lower limiting values for guns

fa)
thao for rockets are dus to the lower range of dispersicas,

- Hecollless Ouns
The wariation of L"I..lg for recoilless guns, as a functica of range,

074, muzzle velocity and range release error are plotted in Figure 13

for twe gun designs, one r:urr'upm-:'.ing to existing practice, and a

-2
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lightar one corresponding to propesed new designs, both t.i.kmlu a

large caliber, low cyclic rate weapon. Tbe optimom velocity is showm
to be approximately 12_’03 feat pear second (welphted toward the lomger
range firing), for present deaiyn and approximately 1L:00 feet par second
for the pew demign. The trends of warlation of optdmum velocity with
release error, inherent dispersions, and range are the sams as with
rocksts and standard guns. Ralative values of the product of L, and

the target area, for the above velocities are shown below:

Ly Ay
B> 3000 | 6000 foot |
5 2 5 2 S | mils .
AR | _
0.1 1150 3330 7352 28,000 | 10 rounds
per gun
0.5 3300 100 | L1,500 | 111,000 Tresent
- per cun _
0.5 2300 6600 | 18,000 49,000
0.1 900 4750 | 5250 | 22,000 | 10 rounds
0.5 2300 6650 | 18,000 445,500 Hew
- Dosigns
0.1 585 3500 | 3900 16,000 | 20 rounds
; : | per gun
0.5 1750 cL0o0 | 13,500 26,500

It will be notad that for recoilless guns, as uit.h standard guns,
in the ranges of rounds per gun showm, for correspanding inherent dis-
persicns, the logistic factor is higher than for the newer rockets, as
was indicated in the -El compariscn. The lower limiting valuss for
reccilless guns than for i-mkut.u are dus to the lowar rangs of dispersions.
However, the logistic factors for large caliber low cyclic rate reccil-
less guns are smaller than those for corresponding standard guns undar

-28=




comparable conditions.
Oun-Launched Hocketa

The logistic factor for gun-launched rockets can be eonfidently
determined only at the dasign wvelocity of the exiating weapon, ths T111
at 2500 feet per second, Assuming its dispersions to be in the same

range as guns, the relative values of the pmdmtufl.vl.rmgim

below,

Lyde _
R > . 3000 6000 ]
T > 2 B 5 2 5
X -
0.1 1300 7800 5650 32,000
0.5 1550 8550 12,500 k2,500

These values are higher than for the reccilless gun (20 rounds per
gun) at its best velocity. However, a reductiom in the velocity of tha
T131 would reduce the lopistic factors, mtil, at the sase velocity the
comparison would be spproximately the same as glven in the sectiom oa

ngﬂn._ » 8ince the same inhersnt dispermions wers assumsd both for the
recoilless gun and the gun-launched rocket,

Compariscn of Weapons on the Basis of L.

Figure 1l shows the walues -ﬂfL‘Hﬁtﬂ ranpe for the following
weapons, againat three target arsas. 200, 2009, and 20,000 squars feat.
l. Bomb
2. BHocket - Light case, 1600 ft./rec.
3. Becoilless Ouna, Large caliber, 1400 ft./sec.
2. 10 rpm, 10 rounds psr gun

b. 650 rpm, 20 rounds per gun

B




h. Standard Guns, 1700 ft./sec.
a. Larpe cali»er, 10 r:n, 10 rounds per gun
b, Small caliber, £50 r—m, 400 rounds per fqum

5. Cun-Launched Rocket T1J1, 2500 ft./sec., 650 rme, 25 rounds per
Ean ' |

No mﬂll calibar reccilless puns are ircludad, since previocus exmmina-
tion of logistic factors has indicated t,-!:pir relative inferierity to
other weapcas., No high cyclic rate large caliber standard sjuns are in-
cluded because of the practical difficulties associated with: their design
and installation, and their relative inferiority in L,. The projectile "
vyelocities are the optimm m::m in* the previcus sactions, except
for the T13l, whoae desiyn wvelocity was takem.
The target areas, as stated praviously, were selscted to roughly
correspond to the following taciical targsts.
200 8q. ft, - m. or transport on rail or road
2000 sq. ft. - P11 box, artillery emplacement, or bridge abutmant
20,000 8q. rt.; = Troop velZ cles or suprly concentration
In general, the trends follow those shown in ths hit probabdlity
section, esphasizing the gﬁnmr weight of the hit probability term in
the logistic factor. For the 200 sq. ft. targets at the longer ranges,
tha better guns have lower logistic factors t-hlr?; rockets, and rockets
have lower logiastic factors than bombs. PFor the 2000 sq. ft. targets,
the rockets are generally comparable with guns, but better than bombs.
For the 20,000 sq. ft. targets, rockets are better than most puns, but
at short ranges or low ermrs and dispersions, bogobs are better than
all. Above 20,000 feet bombs will be best. -

The sffect of ranpe is azain emphasized, particularly against small

.
£
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targets. Aguinst tanks, effectiveness is galned only t:y firing at short

ranges, no matisr what the weapon.

There are some rather important Supplaments to the cnncln-mims
reached in the section on hit probabilities ‘wher the weight characteristics
of the weapon are considered. The pin in effectiveness from the use
of puns over rockets ariinst small tarzets is not nearly aa marked be-
cause of the greater weight ratica of the Funs. Howwver, the effective-
ness of all weapons is so low ugijn.-:lt- small tarpets that even ths small
gains in effectiveness mads puuibla. bj- the use of suns should be utilized,
since it may make the differsnce between failure and success of a mortie,

Among the various guns or gun-launched rockets, the small caliber,
high cyclic rate, large number of rounds per gun standard mun is superior
letin#t all areas. It also has a good logistie factar compared with
rockets or bomba. The larps caliber standard gun, bowsver, is the lsast
effective of -!*.h- guns., Between these two lle the pun-launched rockat
and the recoilless guns. The gun-launched rocket, for comparable ratss
of fire and rounds per gun, appears somewhat superior to the recoilless
rifle at the langer ranges, higher dispersions, and smiller sreas. The
.tun are nearly equal at the nhnrﬁr ranges, lower dispersions and larger
tarpets. |
Examination of Effectiveness Index of Various Weapons

The previous section compared weapons on the basis of legistic
factor. However, the results must he modified by the influsnce of
P :
(—-&%‘&1 » the repaining term in the effectiveness index. Thers are

not sufficient effectiveness data to quantitize the effectiveness index

RS R IR R et o R S R SRR e e e e

in detail. However, the relative index of the differsnt weapons may be

H AR

exandred qualitatively.

‘ -
]
"'_""F ;i'*ll T




e m 12

Against small tarpets, the small caliber high cyclic rate gun
has the most generally favorable logistic factor. Enﬂm,( M}}T for
this weapon is essentially serc, when used against armored hrg::-ﬂl: The
low cyclic rate recoilleag rifle, or gun-launched rocket, which can do-
liver larger caliber and weight projectiles would hawe the best effective-
ness index against tanks. The 3mall caliber, high cyclic rats guns would
havwe the bast effectivenesa index apainst convoys or t.r'-lj.n.a of wehicles
and troops.

Against the intermesdiate sized targets, unarmored or of light
structure, the small caliber gun still ihm the besat trfnctiﬁnua
index. lgiiliat heary utru:t.:irus_. guns or rockets would show approximate-
1y equal effectiveness indices, but the lower acceleraticns of the rocket
would epable the more efficient use of a greater number of warheads.

Against tarpets of 20,000 square foot area and greater, bombs have
gamnllf the highest sffectiveness index, except where penetration
must be accomplished by the kinetic energy of the round rather than by

+

- axplosive efflescta.
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HIT PROBABILITY PER SQUARE FOOT OF TARGET.

Pu
A

.0045

0,*0 O;*2 R =3000FT.
0040 e

8= 309 AR, :

S o .2

A [

o035 | A8= 5° / R'« 3000FT.
' V, * S500FPS
0030 / //

0025 /
. _ﬁH tiﬁ /
R

g; =2 /
.0020 R*3000FT. /| 4R., g;=2 MILS,6000 FT. —]
| 2 82«1 05 MILS,R=3000FT.
Tg*0, 0; =2, R=6000FT. 3 AB.50.5 MILS,R*3000FT.
.0015 4 ﬁ_:. | O3=5 MILS,R*6000FT. |
- 5 ‘LH--EU-E MILS R+ G00OFT
) ) / i . |
0010 _Hu-“'-?——-:- ]
04+ 0, O; =5, R-auunr&: —"1 - | )
&HﬁﬂﬂﬂFT +’/ L 3
0005 | _—
..--"'"-'_-F.
.2 uu..s e |
_U. G, U‘i in_ﬂyﬂeﬂ#:ﬁ - — = =%_ ppm—
0 500 1000 1500 2000 2500 3000 3500

Vo*MUZZLE VELOCITY, FT./SEC,

FIGURE 6 B. EFFECT OF VELOCITY OF PROJECTILE RELATIVE
' TO AIRCRAFT UPON HIT PROBABILITY PER
SQUARE FOOT OF TARGET




2700 FRS MUZZLE VELOCITY GUN

V, = 500 F BS. .
Vg = 2700 EPS,

Gz AV,* SOFPS.; AG=5°

— 07 :4V,* O; AB= QO

-== 0: Ci=5MIL ; 0: Oi=2 MIL

g=20°

1
]
i b}
O
i
L)
ﬁ

R* 3000 FEET

b"“'; o , /

rH ::-.:.'._._ | -‘iurl P FETn o T gl y

b
T

\
\

fadigin sy LR
o o Sk )
S 1 e R

oy !

TR T
LR bl L
T B

: ks

O

T =;++

g=50°

ST (Y iy

R=3000 FEET R=6Q00 FEET

0.2 0.3 0.4
AR

R . R

FIGURE 7. EFFECT OF RELEASE ERROR ON O%

w7



PER HIT,

NUMBER OF ROUNDS REQUIRED

10 Vo =500FFS. . P
&'.I
aw' 309

100 x -

/ A©=5° | / /
| 200 ~

90 — SQ.FT.

TARGET
AR | .

80 R .
stz 1]
=

10 / i 2MILS GUNS /

- / /

59 o BOMB AR

| & 700FRS.KOGKET | R 3
O I360FPS.ROCKET OMILS { ROCKETS
/ A 2500FRS.GUN & ox
{ SMILS GUNS —

';Z LA L TTA
20 [-— / : . _
’ /,// ¥ | ~ al

2000 - 4000 6000 2000 4000 . 6000

" SLANT RANGE (FEET)

FIGURE 7A. EFFECT OF SLANT RANGE UPON
ROUNDE REQUIRED PER HIT FOR
A SPECIFIED TARGET AREA

= " 5



NUMBER OF ROUNDS REQUIRED PER HIT.

o J'
| | lmmla
& . * ..
= Va_ ! —— TarGeT—
2o [ sl |
90 ]F i ' ‘ SMILS GUNS
i "
L
80— BOMBS :
g tMILS {pockeTs
| ¢ 2MILS GUNS
70 - | i _
O BOMBS =
<& TOOFPS.ROCKET
60 — O I360FRSROCKET _
A 2500FPS.GUN /

T1T 1124 /1A
' AN ANZ

TV A
e

2000 4000 6000 2000 4000 - 6000
SLANT RANGE (FEET)

FIGURE 7 B. EFFECT OF SLANT RANGE UPON
ROUNDS REQUIRED PER T FOR
A SPECIFIED TARGET AREA




1o
zcg'zrnn
SQ.FT

100 |

Vo = 500 FEPRS. - |TAR

AV, |

U_A:g_[ ]

e A
iz & =300
ED '.ﬁﬂ: -ﬁﬂ.ﬁ ’
BOMBS - ‘9 MIL {EDMES |

20 b— 6 = ? M]L[HDCHETS G = ROCKETS _
} ‘ 2 MIL (GUNS |, SMIL GUNS
60 ] | |

C BOMBS

O 700 FEPRS.ROCKET
50— [0 1260 FPRS. ROCKET

A 2500 F RS. GUN
40
30

NUMBER OF ROUNDS REQUIRED PER HIT

10 —
| ol &
a _‘ﬂ—-”i 0 -—:""/ —— |
2C°0 3000 4000 5000 6000 2000 3000 4000 5000 6000
SLANT RANGE FEET

FIGURE 7C. NUMBER OF ROULNDS REQUIRED PER HIT As A
FUNCTION ©OF RAMGE - TARGET AREA = 20,000
SQUARE FEET




'W3LSAS LNIANVWHY TVLOL 40 LVHL OL QVIHMVM 40

R W

aElwan

LH913M 40 OILVYH NOdN L3IND0N 40 ALIDOTI3A .:.Ezm 40 123443-834N914
ALID0T3A LNUNG = 8A

00St

000b

00SE

000g 0062

0002

00SI

0001

THI\

nu._.ﬂi..rmm_

N\
N\

O¥dH "Nl 6 U

H44YVv Sl'e 01 -

HYAH ‘NI § O

Yy
Q

‘NIS'E

~

~

N

NOMITY30 O

~

yy m.__..__y
/x”.z_m o

S13%00Y

._,._.
Ly

—/

d31vVNILS3

m.__




1.0
.9
.8
GUNS
i? - . —
20MM T75MM
o 100 5
. Ng o 200 10
g ' P —
4 N < 300 |9
| - 6 | A 400 =20
Wo o . 20MM GUN,ES0RPM.
| ———— 75MM GUN, 10 RPM.
;4‘ I \\ -
.3 \ k '
| N % 20MM ACT.
vl ?\\~ \\
- =
) R e
h—u—-. I-l-h""'-l—-_...___
75 MIMAGT?T“'“ -

1000 1500 2000 2500 3000 3500 4000
Vﬂ- M_UZZLE VELOCITY, FPS.
FIGURE 9-EFFECT OF MUZZLE VELOCITY OF GUN PROJECTILE

UPQMN RATIO OF WEIGHT OF WARHEAD TO THAT OF
TOTAL ARMAMENT SYSTEM.




.00018 | |
AR, ROCKETS
.00014 — "R © - _
04 MILS | R=6000 FT.
\ AV
o . ﬂLHtE . ﬂHH=.| W&t'l .
.000I0 |— "R ™0 —/ _ ———1 ¥, 2500 FPS. ——
0j =4 MILS T;=2 MILS A e
AB =5
8=30°
. 00006 - \ Moz —
AR We
R S \ Wi
_lta
. Tj = 9MILS — VW
A
AR
LwAT H'—H—-I_I
. O: =4 MILS
el ' R=3000FT.
s ooy
Va
. 2 4 MILS —
.0004 |- =1l 7 e
/—\\ / Va =500 FPS.
¥ wH
. 0003 . wp 20
ﬂH'B".l W; 3 '
0j*9 MILS — AT
. 0002 '
, 000! L O =9 MILS >
-
0 500 1000  I1S00 _ 2000 2500 3000

Vg —BURNT VELOCITY, FT./SEC. |

FIGURE Il b — RECIPROCAL OF AIRCRAFT ORDNANCE LOGISTIC
| FACTOR AS A FUNCTION OF ROCKET BURNT VELOCITY.




HIGH CYCLIC RATE SMALL CALIBER GURNS
R s6000 FEET A R »6000 FEET
_—fl-l-'_-h‘_“
0.0003 |— 4R - a5 ,?-—-q%&'ﬂq —1
' Of = o \
e
2 MIL :
0.0002 5 \xé
i _l_--"""-l-...
| o0 | \\
0.0001[ 2= — S
oi=2 ML 5 or = 82t
L T S
07 5 M —= [ —
o o q A — | A |
R <3000 FEET| \ R *3000 FEET .
0.0016 w—‘ﬁ*ﬂi-n.s _ o Jﬁﬂ-.g_l — 1
. V, *500 EPS. \
_| < 0.0014 — € =30° ' =
-~ if;,&-n+| o/
AR 0 2 MIL
RATE CF FIRE=650RSM. \ \
0-100 ROUNDS PER GUN \ .
0.0010 [~ 0-200 ROUNDS PER GUN p <

\ .
©-300 ROUNDS PER GUN . | \
A-400 ROUNDS PER GUN | 2

0.6208

u-ﬂﬂﬂ i

'--...__l--___

Op =2 MY N h-h"‘““‘“‘*\ - \
u.nunqj_—ﬂ — '

. [ [ A

{ \ o "---....,______h‘-h m' o
0.0002 ié_:______l s MiL [ N
Ll r—— —

2000 2500 2000 2500

Yy MUZZLE VELOCITY FEET SECOND

' 3
FIGURE I12A. RECIPROCAL OF AIRCRAFT ARMAMENT LOw. -7IC FACTOR AS A A

FUNCTION OF GUN MUZZILE VELOCITY

: “.
s

3
ok
=3

[
5

¥




6 —
. i | 1
RECOILLESS GUNS
75 MM — 10 RPM.

1 ‘
PROPOSED NEW GUNS
C
.3 “\\ k ! |

\ B
~0
R .. -\\_‘D
W .
- &
Wo [ 0- 5
N o-10

[ - . I .- . | . T:‘é;.::::_
\\\ PRESENT GUNS |

&, s
—

N

500 1000 1500 2000 2500 3000 3500
Vy* MUZZLE VELOCITY, FPS.

FIGURE 10~ EFFECT OF MUZZLE VELOCITY OF PROJECTILES
FROM RECOILLESS SUNS UPON RATIO OF WEIGHT
OF WARHEAD TO THAT OF TOTAL ARMAMENT SYSTEM.

SECRET 0




00018 ;
Esmuﬁ I . |
A R
Va 1 OCRKRETS AR .
.00014 |V, *500FPS. ar-ah L
.aéa '35:n O *4 MILS
Wy /_ .-‘q-""""\
00010 by =10 ] .
. P : 'ﬂ_ﬁ.z 5
LI | R °
| VaW,, T =4 MILS
AR

00002 F:Z/

———
| — AR, 5 C:.*9MILS
A R~ :
L*A'T ﬂﬂl‘l
/ Oj=4MILS

0005 !

RO
.0004

- i . R=300Q0FT.
. . / A—:L-_[
.0003 A

7 V, = 5S00FPS, —
"~ le=30
.0002 %‘-1 Wu .10
/ | Oy=9 MILS Wp
- wl.
//’ _R"E |
J; =9 MILS
500 1000 1500 2000 2500 3000

Vg~ BURNT VELOCITY, FT./SEC.

FIGURE [l a— RECIPROCAL OF AIRCRAFT ARMAMENT LOGISTIC
FACTOR AS A FUNCTION OF ROCKET BURNT VELOCITY.

[ -l ..

s

— .h:-‘
HE




T T T T
LOW CYCLIC RATE LARGE CALIBER GUNS
f | N | [
R=6000 FEET t =
AR < AR _
" = 0.5 ‘. \; =) Q.1
2 MIL
o oocesrLa . \ L
ﬂt-zm.!_r_i' ! I_“---H"‘\\_H-"""‘
r B MIL -""ﬂ-.._\_____h-— i
m.shﬂ_ J—T-—= 't= Fl—-ﬁ_,__-:‘-—_.__ *
0.0009" . ,
R=3000 FEET A R=3000 FEET

AR _-ﬂh—H-ﬂl

0.0008 «0.5
: R 1.
V, *500 F.PS. A \

0.0007 — g .300° X,
. ]
-5 . 0.1 L
3 VA | 2 M. \\

Cr" 275 MM. , _ \
RATE OF FIRE *10 RR M. .\ |
0.0005 |— o «5 ROUNDS PER GUN = ;
o =10 ROUNDS PER GUM . \
-nr-Ls ROUNDS PER GUN \\
0.0004 r_ A =20 ROUNDS FER GUN

2000 2500 2000 2500 :
Vy MUZZLE VELOCITY FEET/SECOND

FIGURE 12B. RECIPROCAL CF AIRCRAFT ARMAMENT LOGISTIC
FACTOR AS A FUNCTION OF GUN MUZILE VELOCITY




A AT, -

i
]
v

LOW CYCLIC RATE—-LARGE CALIBER RECOILLESS GUNS-PRESENT DESIGN

|

R

i %f"“

A=
b BRI A

g

.

o

2 i :
War .'%{_Ir a

.
I
4
)

s N

R=6000 FEET R =6000 FEET e
0,0002 |—— 8R-0.3 A8 2o,

_--2"--._ -
Q.000!s - H“m\

ELILK

~

C.000! L
(=] \~a\\
4 / . — A {‘#\

a.o0005[ — ]
e ﬁ_:__-_ 3 _ \\
2MIL| s MIL
= > —] L& ____%_____
_[f smui._'_T'f'”"J T = |

R = 3000 FEET \\e. R=3000 FEET
0012 --—-—‘5“&.-::.5 \EAFL-::M
' |
Va = 500 FRS. \
0.0010 {—8 =30° N
-0 AN
AQ = KO EH!L\{ \
0.0008 f—Dn =75 MM <
RATE OF FIRE = 10 REM. \
O 5 ROUNDS PER GUN _ \ \
€15 ROUNDS PER GUN —| o N
A 20RCUNDS PER GUN |
00004 [[— e == - “"*
ﬁ'- ' —— '¢ e
o o — di= QO \\-_"'"---..___
P 0 IsMIL —aT__
Mﬂﬂi%ﬁ 5 L —
'ﬁ- e g
& MIL [ x.’
e o
-
1000 IS00 2000 2500 000 iS00 2000 2500

Vg ~ MUZZLE VELOCITY -FEET/SECOND

FIGURE I3A. RECIPROCAL OF AIRCRAFT ARMAMENT LOGISTIC
FACTOR AS A FUNCTION 9F GUN MUZZLE
YELOCITY




LOW CYCLIC RATE— LARGE CALIBER
RECOILLESS SUNS —— MEW DESIGNS.

R*6000FT. - |R=6OOOFT.
o~ L — T
0002 2 =\ S m—
5 ©- AR @
—\.\\ 0 — L o :
000! AhN o A o T 5
- . —i: \ J— - —-l---______|
Q= | — X ey . - —
2MILS — % % SR ISMILS [ i
ay® | ' = 2 =
SMILS, ' —
. R*3000FT. - s |R*6OCOFT.
AR . & R,
LwAr R \\ R -
0014 5
Va® 500 FPS. \
@ =300 | Tie
AV, . LS|\ N
0012 — vl
Va o . \
Aas=5° ,\
D, * 75 MM.
.0010 - A

RATE OF FiRE *IOR.P M. \‘\
O SRDS.PER GUN .
ol SdmREEREN N\
415 RDS. PER GUN , | ‘- \
) A 20R0S PER GUN - \
- n ' . \ :
0 L—ry °1 L. |
2MILS = -
O;= —— A
swils %‘“-——:::'""'“— 0 ——
|

L] _J
1000 1500 2000 2500 1000 1500 2000 2500

V" MUZZLE YELOCITY FT./SEC.

FIGURE 13 8. RECIPROCAL OF AIRCRAFT ARMAMENT
LOGISTIC FACTOR AS A FUNCTION OF
MUZZLE VELOCITY OF PROJECTILE FRCM
RECOILLESS GUN




SEGRET!

V, =500 FT/SEC. :
o 1% 500 FT./SEC [ ] | / / |
AV .| éﬂi,l I ~2
a=3cP 45]Lsanuss ;
2 " aees0 o o . |
tf | emiLs SuNs 1.3% 7
TARGET J f
E."D I= BOME. , /
23 1800 FPS ROCKET, . %
3= 400 FPA. s
| / e dsgam / { | [ / / - F
80 ~ C
. / loRDS. PER GUN, J /‘ / / / - B
42 FPS, RECOILLESS GUN , f
LARGE CALIBER,
70 o DS PER GUN. — /
Lo / B% 1700 FPS. STO.GUN, | / /]// /
w LARGE CALIBER, . :
IO RPM. :
10 RDS. PER GUN,

1]
g [7TO0 FPS. STD. SUN,
BMALL l::‘nnlul...ll-!lt1
' &850 FPS.
800 RDS. PER GUN
.50 T= 2800 FPS, TI31 GUN
/4 LAUNCHED ROCKET,
A

3 ﬂ:. - . -I-
/( R "3 I

L LA T o) |

20 7 7//3 |
- / W / o :
lz TARGET AREA=200 SQ.FT. | 7

2000 3000 4000 5000 6000 2000 32000 4000 5000 6000

SLANT RANGE, FEET.

FIGURE I4AEFFECT OF SLANT RANGE UPON AIRPLANE ARMAMENT
LOGISTIC FACTOR.

e e

SRR AR e T



R

to R =0l e Reos “
4 MIL ES I OMBS
ats ROCKETS SOFT| gre - - {RoCKETS
GUNS TARGET GUNS

00  2MIL ['r 131 AREA [ ° MiLirs S

V, * S500FRS.
50l &,

el

9 =30°
go - do= 5°

-BOMB

2-1600 RRS. RGCKET

70 = 341400 FPS. LARGE
CALIBER RECOCILLESS
GUN, 10 REM.

10 RDS. PER GUN

4-14C0 FPS. LARGE
CALIBER - RECOILLESS
GUN, 550 RPM.

L 20 'RDS. PER GUN |

50 5-1T00 EPS. STD. GUN /

LARGE CALIBER, 10 RPM|
I0 RDS. PER GUN

40 &=ITOOFRS STD. GUN
SMALL CALIBER
650 R.PM.

| 600 RDS. PER rsuu/ /

30 |- 7-2500 FRS TI3I

GUN—-LALINEHED/ I /

ROCKET \ - L

20 v * .
' /s - /

?'F_ﬁ_....a-

3

il i

~

AN

{e =

R EmE ey

3000 4000 5000 3000 4000 5000
. SLANT RANGE—FEET '

FIGURE 14B. AIRPLANE ARMAMENT LOGISTIC FACTOR AS A FUNCTION
OF RANGE TARGET AREA = 2000 SQUARE FEET




OF RANGE

‘ I
1o |I
H ¥
ﬁﬂ = 0. éﬁﬂ-'G-S
BOMBS - BOMBS
100 —qr , 4 MIL {nmcxsrs i gmn:r:ETs ==
GUNS - UNS '
E""”-~| 121 SMIL G113
20.00 '
90 V, =500 FEFS. SQ.FT
ﬁv‘. E G.I I TAHGET
80 - W AREA
g =30°
AB = 50
o-BOMB
70 — o-1600 ERP.S ROCKET
+ A=-1400 FEPS LARGE
CALIBER RECOILLESS
GUN, 10 R.P M.
. 80 l— _ 10 ROUNDS PER GUN
x 7= 1400 FPS, LARGE
CALIBER RECOILLESS
GUN, 650 RRM
50 — 20 ROUNDS PER GUN
=700 ERS STOL GUN
LARGE CALIBER, IORPM.
10 ROUNDS PER Gu*
40 |— P- 700 FPS STD. GUN
! SMALL CALIBER, 650RFR
600 ROUNDS PER GUN
© 2500 FPS. TI3l GUN-
30 ' LAUNCHED ROCKET
20
a 142 W
o> o ,.-'/
10 EX = 7
E 2
s
= = [
3000 4000 5000 3000 4000 5000
SLANT RANGE - FLET
FIGURE 14C. AIRPLANE ARMAMENT LOGISTIC FACTOR AS A FUNCTION







DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR ARMAMENT CENTER [AFMC)
EGLIN AIR FORCE BASE, FLORIDA

6 November 1998

AAC/IMDF
207 W D Ave, Sute 214
Eglin AFB FL 32542-6852

Mr. John Greenwald. Jr.

Dear Mr. Greenwald

We are in receipt of your 9 May 1998 Freedom of Information Act request referred to this
agency by the Air Pentagon FOIA Office, requesting a copy of Technical Report AD C054926,

The document you requested is classified. In accordance with current Air Force guidelines, if
a classified document is requested under the FOIA a declassification review must be accomplished
to determine if the document is properly and currently classified.

At this time we will not be able to continue to process your request until the review is
fimalized. We will hold your request in abeyance until the declassification review is final.

The case number assigned to this request is AAC99-022, please cite this number when reference
this request.

Attachment:
Your Ltr, 9 May 98



MY og B9

Tohn Greenewald, Jr.
8512 Newcastle Aves.
Northridge, Ca. 91325

Office of the Under Secretary

of Defense (Acquisition & Technology)
Defense Technical Information Center
8725 John J. Kingman RD STE 0944
Ft. Belvoir VA 22060-6218

Dear Ms. Akers,

This is a non-commercial request under the provisions of the Freedom of Information Act (FOIA) 5U.S.C.
§ 552. My fee status category is non-commercial and 1 agree to pay up to fifteen dollars for the requested
material.

I respectfully request a copy of the following document:

AD Number: C054926

Title: None Given

Authors: None Given

Report Date: 30 November 1951
Pagination 60

Report Number: VER-12]

This document title, AD Number, etc. was obtained from an official DTIC bibliography.

Sine g;‘ E i
newald, Jr MJW

Enclosures:
None

E’IMI JI



FREEDOM OF INFORMATION ACT (FO/A) RESPONSE AND INVOICE

RECQLIEST DATE

REQUEST MUMBER

9 May 98 AAC-99.022
TO FROM
Mr. John Greenwald Jr. AACTIMDYF

8512 Newcastle Ave
Morthridge CA 91325

207 W. D AVE, STE 214
EGLIN AFB FL 32542-6852

REQUESTED RECORDS

| | PARTIALLY RELEASABLE

1
W COMPLETELY RELEASED
X COCUMENTS ARE ATTACHED

DOCUMENTE WILL BE FORWARDED ON AECEIPT OF PAYMENT

DOCUMENTS MAY BE VIEWED AT THIS LOCATION [ Please call for an appeintment]

A TIME EXTENSION 15 REQUIRED BECAUSE

ALL OR PART OF THE REQUESTED RECORDS ARE NOT AT THIS LOCATION

VOLUMINGOUS RECORDS MUST BE COLLECTED AND REVIEWED

RECORDS ARE BEING REVIEWED BY ANOTHER AGENCY FOR POSSIBELE RELEASE

VWE HOPE TO PROVIDE A FINAL DECISION BY

2 THE COSTS OF PROVIDING THESE DOCUMENTS ARE INDICATED BELOWY
RECILEST ACTIONS RATE MATERIAL TIRAE COST
SEARCH (HOLRL ¥
REVIEW [HOUARL Y]
COPY (PAGE!
COMPUTER MACHIME TIME (HOLURLY)
COMPUTER OFERATOR TIME (MOLURLY)
COMPUTER TAPES 1
OTHER
TOTAL AMOUNT DUE $0.00
3.5end your check or money order payable to "US DEPARTMENT | 3A. MAIL TO
OF TREASURY * with a copy of this invoice within 60 days. AACTIMDF
) 207 W. D AVE, STEZ14
(Future reguests will not be processed until payment iz racaived.) EGLIN AFBFL 32542-6857
4, THIS ACKNOWLEDGES RECEIPT OF YOUR CHECK OR MONEY QORDER FOR PAYMENT OF REQUESTED DOCUMENTS

MUMBER

DATE AROLUMNT

5. ALL OR PART OF THE INFORMATION YO REQUESTED IS NOT AVAILABLE AT THIS INSTALLATION, WE HAVE FORWARDED YQUR REQUEST TO THE
FOLLOWING LOCATION FOR ACTION WITH DIRECT RESPOMSE TO YOU.

B. COMMENTS

The fee for processing your request is below the established fee waiver threshold; therefore, all fees are waived.

7.

Fi Fi
FREEDOM OF IMFORMATION ACT MaNAGER [ 7

MAME AMD PHOME

DENISE L. KING, (850) 882-3315

A

DATE
28 Jan 99

AFMC FORM 556, FEB 95 (EF)

AFMC BEE, -..II.I.TL EWHICI—I‘"EE HPE-EpﬂlgEﬂJE




MY gq D9

John Greenewald, Ir,
3512 Newcastle Avex.
Narthridge, Ca. 91325

Office of the Under Secretary

of Defense (Acquisition & Technology)
Defense Technical Information Center
8725 John J, Kingman RD STE 0944
Ft. Belvoir VA 22060-6218

Dear Ms. Akers,

This is 2 non-commercial request under the provisions of the Freedom of Information Act (FOIA) 5 U.S.C.
§ 552, My fee status category is non-commercial and I agree to pay up to fifteen dollars for the requested
material,

I respectfully request a copy of the following document:

AD Number: C054926

Title: None Criven

Authors: None Given

Report Date: 30 November 1951
Pagination 60

Report Number; VER-121]

This document title, AD Number, etc. was obtained from an official DTIC bibliography.

Enclosures:
Mone

Sine . %{
enewald, Jr _



