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DESIGN AND CO!PARATIVE BALLISTICS OF N7 EXPRRINTNTAL CONCRETE PRACTICE

BOMBS WITH DRULM-TYPE AND SiALL AYD LARGE BOX~-TYPE FIN ASSEMBLIES

\\T\Qualitative description of the theory used in desigm of practice
and demolition bombs is given briefly in this report. The known
irmportant factors to be considered in fin design are discussed.

The results obtained from ballistic tests with drum-type and small
and large box-type fin assemblies are given. The drum~type fin is
aerodynanically superior to the box-type and a box-type with small
fin diagonal is superior to a box-tyoe with large fin diagonal. ("
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1. Introguction

A series of proof tests of strength and of flight characteristics of a
group of concrete practice bombs manufactured by the Concrete Products Company
of America was conducted at the Aberdeen Proving Ground., Upon completion of
the tests it was considered that the bombs as originally submitted were
capable of considerable improvement, and representatives of the Concrete
Products Company of America were referred to the Ballistic Research Laboratory
by Lt. 001. R. G+ Shinkle for advice on fin design.

[ — [— b e n e s—————— a—

The Theory Section of the Txterior Pallistics Branch of this Laboratory
made several recomrendations. Cnly slight changes on the body of the bomb
were considered desirable, but it was recommended that the fin structure
be modified by moving the leading edge further back and by meking the fin
box smaller. It was also recomrmended that a British drum type fin assembly
be constructed, and drawings of several British bombs were shown as examples.

*

Two fin ossemblies were then designed by Mr. G. D. Mateer of the Concrete i
Products Company of America. One was of box type, with a fin box diagonal
of length 6,72", which appeared to be the smallest box which would permit
convenient hendling of the sootting charge assembl,. The other fin assembly was
of drum-tyoe, with certain modifications on the comnecting strut design. Both
designs vere considered by the Theory Section to be very promising. i

It was suggested that fin asserblies of both types be constructed and
tested. Upon conversation with lir. H. S. Beckman ucon the subject of construction
and test of the bombs, lr. Deckman suggested that a design also be made incorporating
a fin box having an8.5" diagonal wnlch “is the length of the diagonal of <he fin
box of the Bomb, G.P.,1001b.,:30. This was considered a very desirable project,
not only from the point of view of obtaining a good fin d351rn, but also because
definitive evidence upon the question of effect of 7in box size uvmon drag could
be obtained.l Accordingly, 30 bombs were manufactured, having identical bodias, x
with 10 of each of 3 fin designs. Schematic drawings of these bombs are given 8
in Figure 8 of this Report. The two designs using box fins are identical except
for width of fin box, the third design belnv the British type.

PRTPE.

The ballistic tests on these bombs are now comrlete. In view of the fact i
that not only the nrime purpose of the nrogram, obta:nin a sound design for the :
concrete bomb, has besen accomplished, but also valuable information on design
has been obtained, it appears nroper to devote some attention to the relation ]
of these tests to known principles of bomb design and %o analyze with some care 5
the results of the tests.

1, It was predicted by Col. H. H. Zornip' upon the basis of plots of form
factors against the ratio of the fin box diagonal to the diameter of the
bomb that the diagonal across the fin box was of great influence on the
drag.
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II. Some Principles Used in Desicn of Practice Bombs.

1. Prel minary Statements.

The forces on a bomb which is held rigidly at an angle § to the
direction of flow of an airstream are shown schematically in Figure l. The
total resistance offerzd by the bomb has components
D = Drag and L = Lift neasured resvectively along
and perpendicular to the airstream. There will
also be a moment M tending to align the bomb's
axis with the direction of the airstream.

The center of pressure is defined to be that
position on the axis of symmetry of the bomb
where D and L would have to be applied in
order to result in the couple M.

LIFT
In order to make comparisons on bombs ‘ 5
which will be independent of the size of :
‘ the bomb, it is desirabla to defline . "
' dimensionless aerodynanic coefficients as DRAG —— CENTER OF
follows: erAVITY
¢ 65”75490/-‘
1.1 Ky = D/pd%u? . YT PRESSURE
e TR e ‘.;" ‘ ':-.*r.r = 9 s
KL = L/'szu2 sin & FRSSER A et aaii e
. F/76, 7

Ky = M/padu? sin b,

Here p is the density, d the diameter and u the velocity of the alrstrﬁam. The
coefficients are functions of §, of l'ach number and of Reynolds nurmber. Ilowever,

if Kp is written KD L+ ybbbz), the coefficients ‘D - D&’ X;, and % . aré

sensibly constant for most bombs for u between 0 and 300 It./sec. and for b
less than 10°, In comparisons of "drag" the numbers Xp will be the criterion
. o

of comparison. The distance from the center of rrecsure to the center of gravity
is easily seen to be dKM/(KL cos b+ Kp), or, since ¥ is sm2ll in comparison to

Ki, for d small:

1,2 Center of pressure distance': dKM/KL 5

The requirements for good bomb design can now be formulated simply. The
prime requircment is that KM be large enough togive a definite margin of
stability. The second requirement is that K, "be as small &t possible consonant
with strength of structure and eese of manufacture. The foregoing reavirement
is set not because of the inherent desirebility of low drag, but becavse the
dispersion due to accidents of launching, wind gusis, etc., varies alrost
directly as the drag.
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In addition to the forces and couple so far discussed there are also
forces and couples which vanish when the angular velocity is zero. These
are czlled "dynamic" forces and couples in contradistinction to D, L, and
M which are called the "static" forces and couplz. A discussion of the
imortance of the dymamic forces and couples is beyond the scope of this peport.

2. World Viar Bomb Design,

At the time of the World War emphasis was placed almost exclusively
on the design of the body of the bomb. The forms develoned by the United States
Army at that time were based on the form of Eiffel dirigible IV, The form is
that obtained by revolving a2 curve consisting in part cf an ellipse and in
part a parabola. (See Figure 2),

The fin structure consisted of
four vanes, with braces on the

vanes of the heavier bombs, E‘LLIPJhPAEABOLA

The body form was modified - -3 e F—
shortly after the var to the tear
drop desipn. This deeign is obtained EIFFEL ForrM
by joining sections of two ellipses F16. 2

and a section of straight line in such
a manner as to form a smooth curve,
The surface of revolution of this
curve is the tear drop form (See
Figure 3).

Both the Eiffel form and the
tear drop form were exmensive 0
manufactures TFurthermore, the 36
presence of fuzes, lugs, and r" ——

: X E
especially the fin structure nade /I, ’»373?-.«/ \

insignificant the gain in aerodynamic
efficiency of these types over the —?"-/ l"""*f _'+"_ |
simpler forms. For onre_type of bombd s
Dr. E, J. Loring stated! that the 7EAR DROP FORM
drag of the bomb body alonz was only

58 per cent of the (l?:'(ag of the complete F16. 3

bomb. Accordingly, a cylindrical body

with ellivtical ogive and conical after

body was designed by Dr. Joring. This

combined ease of manufacture with

adequate aerodynamic characteristics.

Most modern bombs make use of the loring

design for the bomb body. A further

discussion of this design is contained = .

in the following section.

1. "Bombs, Their Flight, Action, Test and Design". Iecture given at
Picatinny Arsenal, Dover, N. J., Movember & and 6, 192}, by E. J.
Loring.
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3. Measurements Made by M. L. Dryden.1

Wind tunnel tests were conducted at the Uy.8§s Bureau:of Standards.
by Dr. H. L. Dryden upon a number of bomb models. These included a series
of designs by Captain Frank Short, -as well as modele of a number of standard
bombs., Certain of the results will be reviewed here briefly.

a. Effect of 6give 8Shape,

The shane of ogive is of not too great importance as long as there
are no sharp corners and the nose is not too blunt. An ogive of about one
N diameter length, with elliptic section appears to be satisfactory.

b. Effect of body shave,

. The loring design (See Figure )) differs little aerodynamically
from tear drop designs. In one case,

for flat fins without braces, there

was 12 per cent differerce in drag

between 2 tear drop form and a

cylindrical form. ‘then fin braces

were added there was no nerceptible C A

difference between the two types.

For mininum drag the angle a ' '
between the tail cone and the LORING DES/GHN
cylindrical side should be between F/G
120 und 159, (It is of interest to - ¥
note that for snell 2 7¢ boattail .
has been considered optimum).

c. Effect of fin braces,

Streamlined braces increase the drag by roughly 50 ver cent,
while cylindrical or angle braces double the drag. The drag on a homb with
cylindrical fin braces is about the same 2s that on a bomb body which hac
been cut off above the tail cone.

d. Fin design,

. For models with simple vene tyme fins the fin drap was at least
30 per cent of the total drag. For a bomb body without fins the center of
. pressure was found to be from 1/3 to 2/3 body length ahead of the nose, so
that considerable fin action is required for stabilization. The importance of
fin design is then clear. ‘

", The "fin force" was found to act at aporoximately the leading edge of the
fin. The following fin designs were found to be successful:

b

1. The following is taken from "Aerodynamics of Aircraft Bombs" by Hugh L.
. Dryden. Bureau of Standards, 1927.
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(1) Cross blade fins, with 1ead ng edge of fins well. back,
with considevable fin area, with no -

braces. (Structural considerations
in many cases prevent use of t his
design).

(2) Cross blade fins with "napkin ring" brace.

FIN
(3) Cross blade fins with cylindrical brace. 4 S5 ENTBLIES

T
/Q__ | £/G. 5

(4) Loring box type fins.

.

(ote: (2) and (3) are from
Captain F, Short's series).

L. Effect of Skin Friction on Dragl

A recent study was made by R. H. Kent of the effect of skin fricuvion
on the drag of bombs. The form factor i of a bomb is defined to be the ratio
of its drag coefficient corresnonding to zero yaw,KD~, to the Chvre drag

coefficient hnw The form factor as 4educed from time of flipht measuvrements

is iT and as déduced from range measurements is ix. Figure 6 shows 12 and ix
against the ratio of the total surface area to the square of the diameter for a

series of bombs. The valuns of i? and ix are those deduced from range bombings
at 10,000 foot altitude at an airspeed of 160 mi./hr.
‘Examination of the graphs shows evidence of a trend toward increase of form

factor, and hence of drag, with increase of surface area. This would tend to
indicate that skin friction drag forms an important part of the total drag on a

1, The folloving material is taken from Ballistic Research Laboratcry
Memorandum Report MNo. 7L, "Form Factors of Bombs as Derendent on
Their Surfece Ratios", by R. H. Kent.
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~éppreciab1y to the drag., Figure 7 shows a graph of :‘L'f and ix against the
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bomb, [}n the cage_of artillery shell, skin friction drag is about 15 per cent
of the total drag.

Although it ic undoubtedly true that skin friction is an important part
of the total drag on the bomb, the gra-h shown requires careful interpretation.
The series of bombs under consideration are not strictly homologous. In
perticular, lugs and fuzes are relatively smaller on the larger bombs, and
there are definite differences in fin design. Both of these latter
considerations would tend to erder the bombs in arproximately the seme fashion
as is done by the ratio of total surface to the square of the diameier. The
presence of greater relative protuberance area on the smaller bombs would lead
to relatively vreater form drag. . '

5. Observations made by Colonel H. K. Zornig.

A considerable amount of experimentation was conducted by Colonel
He H. Zornig on improvement of certain bombs, in nart1cular2 the Bomb, Prectice,
100-1b.,238. The 1438 had a smoke bottle for spotting ourposes held in a cage -
in the fln box and "belly bands" to which the suspension lugs were attached.
It was found that the bottle and cage were responsible for 20 per cent of the
drag, and that the belly bands were responsible for an additional 26 per cent
of the drag, ~{This &ffect of belly-bands has since been verified in other
experiments.)

It was also surmised by Colonel Zornig that a large fin box contributed

ratio of the width of the fin box diagonal to the diameter, and indicates that
this is the case. This evidence is, however, subject to somewhat the same
objections raised in the last paragraph of the preceding seetion, namely,

the comparison is not a comparison of homologous bombs. The ouestion of
effect of fin box width will be fvlly discussed in the analysis of the results
of the tests of concrete practice hombs, This experiment gave definitive
evidence upon the ouestion. '

6. Brief Summary of Current Information on 3ody and Fin Design.

a. Effect of Ogive Share,

It éynanic forces anc torques are ignored, as long as the
nose is not too blunt, and there are no sharp corners, the ogive shane is
not of critical importance in bomb design.

b. Effect of Belly Bands, ' -

If belly bards are used the drag will be increased by from
15 to 25 ner cent. This method of attaching suspension lugs is »articularly
unfortunzte for semi-armor--pizreing and armor piercing types, vhere a high
striking velocity is desired.

l. See Ballistic Research Laboratory Rerort No. 287, "The Relation Between
Skin Friction Drag and the Spin Reducing Torque," by A. C. Charters and
R. 4. Kent.
2. An account of scne of this work can be found in Ballistic Research lLaboratory
Renort No. 73, "A Study of l'ethods by Which the Ajr Resistance of the
100-1b. ?ractice Bomb 1:38 (T2) Can be Reduced", by . P. IMtcheock.
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] : ¢. Effect of Body Shape.

In view of the fact that the fius account for at least 30 per cent
of the drag, and in view of manufacturing difficulties, the cylindrical body
with conical tail section gives satisfactory results. The optimum angle between
tail cone and side is probably between 12° and 15° The effect of length of
tail cone is not precisely known. :

de Fin Design,

| " A cross blade fin without braces and with leading edge well back
. . gives excellent results in cases where this design is practicable. (For example
the Bomb, Fragmentation, 20-1b., th).

On box type fins the leading edge should be as far back as practicable.
A small fin box gives definitely less drag than a large box.

On at least one body the British drum type tail assembly gives better
results than the box type. The leading edge of the drum should be well back
from the body. The British rule of thumb is that the length of the drum be
equal to the diameter. _

In some cases stability has been achieved by adding a circular shroud
op drum around the blades of a cross blade fin structure. This is particularly
useful when the fin structure is not to extend beyond the sides of the bomb.

7. Desion of an Txneriment with Concrete Practice Borbs with Fins of
Tﬁreé"Differcnt‘Tynes.

As stated in the introduction ten (10) borbs with teil asserblies
of each of three types were constructed. Drawirgs of these bombs appear on
Figure 8.

The bomb bodies are identical in all three designs. The bodies are of

i solid concrete, with a cavity for the spotting charge and with the lugs and

| the bolts for the tail assenbly set in the concrete. The tail assembly is
attached to a cap which in turn is bolted to the body. The fin designs were of
! the three types, box type with large fin bnx, box type with small box and
British drum type.

It was the opinion of the Theory Section of the Ballistic Research Laboratory
that these designs had several features known to be desirable. In particular,
the body shape presenis no sharp cornars and the conical section makes an angle
of 10° with the sidz of the bomb. The absence of nose fuze and the small lugs
also contribute aerodynamically. The back of the bomb body presents only those
obstructions to the air flow which are necessitated by the spotting charge.

The 1leading edge of the fins is well to the r=ar of the bomb body in all
; three cases. It was considerad that the small fin box would nrobahly have low
’ drag. In the absence of a great deal of evidence on the subject, the British
drum type was considered to be an excellent possibility.
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It is to be remarked that Mr. Mateer's design of the connecting struts
on the British type assembly appears to give very smooth contours. The struts
are of U cross section and are attached at the corner of the conical section.
This type of construction should caise almost the entire fin force to act on
the drum, which is well back of the body.

8. Physical Characteristics of the Concrete Practice Sowbs.

It is to he remarked that the weichts, center of gravity positions
and moments of inertia of the concrete bombs drorped at the Proving Ground
were remarkably consistent. These data are given, together with corresponding
data for the AN-I130" and "138A2 in Appendix A. In each case the standard
deviation of the mecasured quantity is much smaller for the concrete bombs than
for the AN=M3D and 1313842,

This uniformity is perhans not of too great importance in so far as it
affects bombing with nractice bombs at the Proving Ground. However, it has
come to the attention of the Laboratory that the Bomb, Practice, 13842 has
not always been loaded to prescribed weight in the field. In one: instance,
bombs loaded at one station averaced L 1bs. underweight and there have been
instances of larger discrepancies. Due to variation in density of sand in
various sections of the country loading to prescribed weight is sometimes
exceedingly difficult. The effect of this variaticn in weigh% is to cause
systenmatic error in bombing. An average of 7 1lbs. too little sand for the
L3042  would result in a systematic target error of about 5 mils at the
airspeads now most comrionly employed in service. It is believed that use of
concrete practice bombs would pregent errors due to this cause.

K possible advantage of the drum ty~e over the box type fins should be
noted. According to Captain F. D. Atkinson, of the Armament Laboratory at
Vright Iield, certain types of under wing bomb racks reauire that the suspension
lugs on borbs with box type fins be moved around 452 from their normal nosition.
This would be unnecessary with the drum type fin. '

I1I. Commarison of the Experimental Resnlis Obtained from Dropping Concrete
Practice Bombs with Tnree DilIerent Tvoes of rin Assemoly.

1. Data Obtained From Differential Ranves and Times of Flight.

Of the 30 bombs used,each of L was drooped in a two-bomb salvo
with a standard Romb, G.P., 100-lb., AF-k30. These four werc all of the drum
type since less was knowvn about this type than any other, and the salvo rethod
offered the rost direct comparison. In each of these four salvos the drum
type yielded a greater or an equal range and a shorter or an equal time of
fllnht, the mean difference in range being 76 feet and that in time of flight
0.15 seconds for an altitude of 10,000 feet. The results on time of flight
are not conclusive, being based on stop-watch rcadings.l

J. These measuvrements are given in Appendix B.
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The smaller retardation for the bombs with drum-type fins was in snite
of the fact that they were 15 1hs. lighter than the AN-~130 bombs. Of two
borbs with identical shapes, moments of inertia and centers of gravity aad
the sarme amplitude and period of yaw, the more massive bomb will have a smaller
retardation, Iet the mass of the lighter bomh be denoted by m,, the mass of the
heavier bonb by m,, and the reciprocal ballistic coefficients y ¥ with
subscrints correspvonding to those used for mass. If the bormbs are geometrically
and mechanically homologous and have identical yaw, the ratio of the reciprocal
ballistic coefx*ciﬂvts is given by

R { c Y=
v}” m

s e —

C e ,......,v-—n—‘

The form factor, -1, defiﬁ”&‘ﬁ

*‘ ;"‘. i mY +
A :%? Pyl ‘H

i 1
reflﬂcts dlrecily the relative efflcioncy of the bombs as shown in the fblloﬂlng
table.
TARLE I

Form Factor

From Ranpe From Time of Flight
Drum-Type 0.906 1.159

Since the conditions under vhich the mass redvction would be correct are not
satisfied, only an approximate value of the reduction of rntardation can be
obtained from Table I, It anpears that the dras for the crum tipe bomd is 31%
less than that for the AN-I(30 if inferred from range, or 229 ]«QS if inferred
from time of flight. Of course some of this may be attributed to differonce in
lugs and absence of fuzes; but it seems reasonably certain that the main
dlfferencn is dve to the tvnn of fin. This decreased drag for the drum fin would
result in a decreased trail and time of {light, decreased differaential effects,
and greater accuracy in bombing, espscially from high altitudes. .

The difference between the renges in vacuo and in air is described as the
range lag and the difference between the times of flight in air and in vacuo is

" described as the time lag. These ouvantities furnish easily intelligible

measures of ballistic efficiency. The following table gives a comoarison of
these elements. "Drum~type as Corrected" refers to the resulis exnected for a
bomb with a drum fin with a mass reduction made according to the procedure
described earller.

'
P
'
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TASIE II
Altitude of Relcase 10,000 ft.; True Air Speed of Release 160 mi./hr.
Bomb Range Lag Time lag
(£t.) (secs.)
‘ AF-130 319 1.413
Drum Tyoe as Dropped 303 1.263
Drun Type as Corrected| 266 1.106

Thus for corparable bombs, the drum fin may be expected t» give a decrease in
range lag.-of 113 feet or 30% and a decrease in time lag of 0.307 seconds or
22% for the conditions noted.

2. Data Obtained from Absolute Yezsurements of Renge and Time of Flight.

0f the 30 bombs whose flight characteristics were to be compared,

i borbs with drum fins were dro-ped in the comparative tests just described and

one bormb with a drum fin was expended in a harndling test. Absolute measurements

of the ranges and times of flight of the other 25 bombs were made by means of

the Cameres Obscura  and associated instrurentation and of these fairly conclusive
data for 5 bombs with large fin-box diagonal, 9 with small fin-box diagonal and

S with drum type fins are available at the present date.

Tha neasurad ranees and tires of flicht were reduced to those elements

which wonld have been.obtained if there had becen no oallistic wind, no ballistic

departure {rom standard air density structure, no climb and no rntation of the
earth. The latter quantities, which are described as reduced ranges and times
of flight, were then corrected to these velues which would have resulted if
the actual r2lease hacd been made from an altitude of 1C,000 feet and an air
speed of 160 miles per hour. These results, described as standard elements,
are tabulated below. The mean standard range lzzs ané time lass ond the
individual, uncorrected standard ceviations of tunese elzrenits are siocwn in
Table V. Round (1), vhich is susnccted to be a "maverick", was excluded in
making the tzbulation,

1. The equipment employed in the measurement of ranges, deflections, ground

speeds, azimuths of the tracks, and rates of climb is described briefly

. - in Ballistic Research Laboratory Report No. lhik, "First Progress Report:
On the Accuracy of the Camera Obscura Installation for Obtaining the

Initial Data of Bomb Ballistics." The equivment employed in the measurement
of time of flight is the ¥Western Electric Camera Clock which is described in
Ballistic Research Laboratory Recort No. 282, "Calibration and Procedure for

'Employment of the Viestern Electric Camera Clock in Determination of the
~ Time of Flight of Bomhs." :

The equipment employed in obtaining meteorological data included a balloon-

theodolite system for the measurement of the magnitude and azimuth of the
wind at various altitudes and a raysonde transmitter and receiver for
obtaining the pressure, temperature and humidity at various altitudes.

- 15 =
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TABIE III ,
2 ' o
, RANGE ' TIME OF FLIGHT
- . (£t.) (secs.)
Date Large Fin Small Fin Drum Fin| | Large Fin Small Fin Drum Fin
1 Diagonal Diagonal Diagoral Diagonal
3-8-=43 ©LL3 5516 264355 26,071
. 5617(1)  5o3) 26.131(1) 26,102
5h56 5520 26.288 26.199
5492 ch38 26.20L 26.235
; 5155 S5y 26.101 26,28)
L-2h-L3 5u67 5591 26.086 26,132
5L9% ch76 26,059
ch82 5L20 26,137 25,928
5h75 5557 26.072 25,930
¥ 5518 25,098
| Yean All
Observations
sho2 )83 5526 26,347 26.139 26.03L
Yean with- .
out 1 - 61462 25.313

Ontimum Estimate
of Frobable Trror
of the l'ean 21.58 7.11 14.26 0.0323 0.0151 0.0325

Optimum Sstimate
of Prcbable
Error of the
Mean without 1 7.09 0.0292

Optimum ¥stimate
of the Probable
Error of an
Individval 48.48 21,33 31.89 0.0722 0.05hi 0.0550

Optimum Tstimate
of Probable
Error of an
Individual ‘
without 1 14.19 0.0585

The corresponding reciprocal ballistic coefficients are shown
in Table IV.

- 18 -
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TABIE IV
~ RECIPROCAL BALLISTIC RECTPROCAL RALIISTIC
COEFFICIENT CORRESPONDING COEFFICIENT CORRESFONDING
TC RANGE T0 TIME OF FLIGHT
Date large Fin Small Fin Drum Fin! | Large Fin Small Fin Drum Fin
’ Diagonal Diagonal Diagonal Diaronal
1386 598k 8373(2) L6576
7502 .b2l2 7746 7236
6793 .7862 <7267 ko .
7519 +7L4LO . 5297 7722 .
t h=2k-h3 . «7278 11886 6583 .68L9
| 6571 .7092 6UB9 :
6988 6835 .6868 5669
7122 5540 6502 «5970
269 ' s 6819
Reciprocal Ballistic
Coefficient of lean .6785 H877 6126 . +3026 6390 6283
Recinrocal Ballistic
Coefficient of Mean :
without 1 07392 07891
[ Optimum Estimate of
Prohadls Trror of
Reciprocal Rallistic ‘
Corfficient 0.0}23 0.0139 0.0276 0.0186 0.010L 0.0287
Optimom Pstimate of |
Probeble Error of
Reciprocal Ballistic
Coefficient without
1 0.0139 0.0168
Optimum wstimatc of
Probable Error of
Reciprocal Ballistic
1Coefficient of an : B '
Individual 096 OL17 0618 Ol16 031l 0375 :
Optimum Estimete of ﬁ
Frobable Error of ;
Reciprocal Ballistic .
Coefficient of an . ]
Individual without 1 0.0278 0.0336 ;
= 1? =
1
4
e




Time lag

¥ TSGR S | S S » e
fABIE v
5 (1) (2) (3)
Fin Type Large Fin Diagonal Small Fin Diagonal | Drum=-Type Fin
Range lag 391 365 327
(1)-(2) - (2)=(3) (1)-(3)
26 38 6L
Uncorrected Individual
Standard Deviation of 18.2 29.8 h2.3
Range lag
Time lag 1.372 1.198 1.093
(1)-(2) (2)=(3) , (1)-(3)
0.17k 0.105 0.279
Uncorrected Individual
Standard Deviation of 0.07% 0.076 0.083

If the standard deviations of the three populations from which these samples were
drawn were knomn to be the same, thi significance of the differences could be

determined by the Student "t" Test.

The fact that there is no significant

difference beiween the observed standard foviztions can be established by the

ngt Test and it appears that the use of the "t" Test is justifiable. The
probabilities, P, obtained from this test, are those of obtaining differences

as great or greater than those observed if the differences are due to the operation

of chance causes in a single statistical population.

A probability of one

twentieth or smaller is often taken as the proper significance level inthis
type of experiment. The probabilities are given in Table VI.

The large fin diagonal results in a range which is different: from that of a
drum fin on a significance level of 0.0k, and a time of flight which is different
from that of both the drum fin and the small box diagonal on a level of 0.01, In-
trials of two types of fin asserbly, the joint significance levels, although not
multiplicative, must be considered as evidence from two trials in such a way that
two experiments each resulting in a probability level of one fifth would be
presumed different. It appears, therefore, that each of the three types of fin
have different ballistic characteristics.

The ranges and times of flight of all three types of bombs show a high degree
of consistency. The proof observer's comments on the observable yawing ard
rotation of the bombs are shown in Table VII.

1. The "t" Test and the procedure employed in making it are described in
R. A. Fisher, Statistical Methods for Research Workers," Chapter V.
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. TABIE VI
‘A
RANGE
Difference Large Fin Diagonal | Small Fin Diagonal | Large Fin Diagonal
¥Hinus Kinus Linus
Small Fin Diagonal Drun Tvpe Fin Drum Type Fin
t 10!19 1.81 2-h9
P - 0017 - 0.10 ~4 0.0’4
TABLS VI
‘ TIME OF FIIGHT .
Difference Iarge Fin Disgonal | Small Fin Diagronal | Large Fin Diagonal‘
Minus ' Minus liinus
Snall Fin Diagonal Drum Type Fin Drum Type Fin
t 3.52 2,05 k.30
P < 0.01 = 0,07 < 0.01
- m, -
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' . TABIE VII c
\ .
~ ) ORDNANCE OBSTRVER'S RECORD
' ' FLIGHT CHARACTERISTICS
100- 1b. Concrete Practice Bombs
) Oscillation Rotation
Date | large Fin| Small Fin | Drum Fin| | Large Fin| Small Fin| Drum Fin
Diagoral | Diaconal Diaponal | Diagenal
., 3/8/L3 None None Slow None
! tione None Slow Slow
! None None Slow Slow
Mone ¥one Hediuvm tione
None None Slow Slow
h/2h/h3 None None None None
i None . Fone Slow None
) Mone Vone Slow lione
; None ilone Slow Slow
2; None : None
:
1
!
|
L
i
A
;
L}
{
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§ e
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3., Conclusions.
) It is concluded from the foregoing study that:

(1) A properly made drum-type fin, as shown in Figure 8, with a diameter
equal to that of the bomb body and a suitably placed leading edge of the
fin will be stable, will not have excessive rotation, and will have
smaller form factors than a box-type fin of good design. The drum fin
will have a smaller trail and time of flight, smaller differential esffects
and greater intrinsic accuracy thar the better of the two box-type fins -
shown in this Figure.

o mkdar i e

(2) The width of the diaponal across a box-type fin is a factor of critical
importance as was first shown by Col. H. H. Zornig from comparison of the
form factors of bombs with the ratios of the diagonals across the fin box.
to the diameters of the bodies. The ratio of the form factors with resvect
to range for the bomb with small fin-box diagonal to the bomb with large :
fin-box diagonal is 0.93. The ratio of the form factors with respect to  ij
tine of flight for the bomb with small fin-box diagonal to the bomb with E
large fin-box diagonal is 0.87. The box~type fin with small diagonal«will
have a smaller trail and a smaller time of flight, smaller differential
effects and rreater intrinsic accuracy than the box-type fin with large
diagonal acrouss the fin box.

(3) Although the Bomb, G.P., 100-1b., AN-}30 is fifteen pounds heavier than
the concrete bombs, the concrete bombs have better ballistic performance.
It seems that the absence of fuzes is the main source of the improvement ~
in the case of the bomb with large fin box and is also an important helping
factor in the other two cases. ‘

ey

{4) The drum-fin assenbly results in performance of the concrete bomb which
compares favorably with the Bomb, Practice, 100-1b., M38A2. The drum=
fin assembly appears to have a smaller 1ift effect than the M38A2. Thus
the range and time of flight of the drum-finned bomb are both smaller than'
the corresponding elements for the M38A2, ,

G w;&;:?‘ndﬂ.”“wﬂmﬂs-:mnr A

(5) The matching of both range and time of flight at one altitude and airspeed
for two different bombs will depend upon meeting complex conditions upon
the mass, diameter and six aerodynamic coefficients. It is probably i
possible at present only by the most extensive experimentation followed by -
analysis, interpretatica of data and additional experimentation. This
procedvre, given a long enough series of exveriments, is certainly possible
but is, equally certainly, impractical. A good match at all altitudes ard :
airspeeds for different bombs appears impossible of attainment.

(6) The concrete bomb has great merit as a practice bomb in  spect to the
degree to which the mass, position of the center of mass and the moments of
inertia can be controlled within small tolerances about a design value. ‘s
The loading of the Bomb, Practice, 100-1b., M38A2 is carefully spocified i |
the front of borbing tables but field practice has resulted in wide depar- ®
tures from correct loading and in consequent systematic departures of the : :
center of impact in practice from that in range bombing at the proving E
ground. The employment of liquid fillers has resulted in incomplete load- -
ing and in conspicuously erratic flight. The control of the loading of :
the concrete practice bomb is easily done and the behavior of the bomb can |
be made uniformes It can be arranged that no systematic departure of
proving ground and field centers of impact occurs, and that the intrinsic
dispersion of the concrete bombs can be made much smaller than would be
possible in loading at the practice range.
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IV. Rscomrendations

It is accordingly recommended that:

(1) The drum-type fin shown in Fisure 8 be adontad for errloyment with
the concrete practice bomd,

(2) In connection with fin design, the advantages of a drum-tyme fin of
good design over a box-trme fin be further exolored,

(3) In connection with fin design, the advartazes of a box-type fin with
small diagonal over a box-type fin with large diagoral be furthep
explored, . :

(L) The attemt to sccure matehing of hoth trail and time of Tlight at
varying altitudes and air speeds of release for bombs of different
shapes and mechanical constants be abandoned, and bombing tohies
be issved senarately for differe:* hombs unless the exterior contour,
the mass, the center of cravity position and the moments of inertis
are identical, : :

{5) Rigid materials, of which concrete is an uxample, whose density
- and uniformity can he carafvlly controllad, be emrloved whenever
possible for loading practice bombs instead of fluid raterials or
materials for which idantical density at various z2irfields is
difficult to obtain.

(6) ™a nes, rosition of tha centan of gravity and moments of inertia
of practice bombs, and tolerances corresronding thereto, be prescribed
and controlled.

This report-resulted from a2 conference following an acezptance test of cencrete
as a substitute material for steel, made under the dirsction of Lt. Col. R. G,
Shinkle, of the Arms and Armunition Proof Comnand, at which it was sugcested to
Yr. &, D. Mateer, Consulting Sngineer, Concrete Products Co., “hiladelphia,
Pennsylvania, that he discuss the design of borihs with representatives of the
Bz2llistic Research Leboratory. Ir. Mateer, redesizned and furnished for ballistic
tests, bombs with center of gravity nosition, tail crne, ard fin shape suggested
by Dr. E. J. YcShane, Hr. B, ¢, Fartin, and the writers, The writers sre
greatly indebted to Dr. YeShane and ¥'r. Yartin for their suzgestions on design,
presentation of the data and critical review of this recort and to Drs. E, P,
Hubble and L. S. Dederick for encouragement of -the project and suggestions which
have besn incorporated in the manuscript.

Job. Ke

. Jo L. Kelley

R V. Kero
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APPENDIX A

MECHANICAL COKSTANTS OF BONES
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TABLIE OF MECUANICAL CONSTANTS OF INDIVIDUAL 37BS FIPIOYED

Progran | Date of m x 1
Group Relaase Yieight Distance Yoment o? Inertia
Number Run (Cormlete) of Center about Transverse
Number as . of Gravity Axis through
Dropned) from Nose Center of Crayity
(1bs) | (in.) (. £t.2)
large Box
2 102.9 15.49 51.88
3 103.2 15.51 52.28
I 101.1 15.37 51.09
5 102.8 15,32 o1.78
6 h-?l:-hB 103 01 15 . 53 _:;1 091
7 103.9 15.52 53.0h4
8 101.7 15.52 S1.3L
9 102.3 15.45 51.97
10 102.2 15.1h1 51.38
‘Small Box
1 3'8“].13 102 09 150’!!! 51 002
2 . 103.1 15.15 52.3)
3 .l.'JloY 1> 0145 51.30
N 102.7 1.9 52.07
6 i=-2h-13 101.8 15,07 52,2l
7 103.4 15.39 51.98
8 102.2 15.52 51.53
9 5-5-L3 103.2 15,14 52.37
10 103.0 15142 51.90
Rovnd Fin
1 L-2L=l3 101.9 15.76 57.1:9
2 102,2 15.66 57.31
3 103.0 15.57 57,80
L 103.6 15.50 58.23
5 8.1 15.% 58.79
6 102.5 15.50 58.27
-2}~
-




PO

L

e

PR, ne e g s o e

KA MECUANICAL CONSTA™TS OF CONCRETE PRACTICE
PO}ES, OF TIE BOIB, G.P., 100-1b., AN-}30, AND

AND T'T% BOM'B PRACTICE, 100-1b., 1:33A2

m x In
Weight Distance Moment of Inertia
(Complete: of Center about Transverse
as of Gravity Axis throvgh
Dropped) from ose Center of Gravity
(leO) (ino) (lb.ftoz)
Bomb, Practice, 1C0-1b,, \
13842
Yean 99.3 18.1h 76.06
Standard Deviation 0.85 0.2} 1.31
Laximum 102.0 18,76 79.50
1:inimum 98.0 17.75 72.6}
Kurher of 3ombs 99 99 99
B'."'lb, G-po, ]C’O-]b:,
130
(Aluminum Fins)
T"QC"\ ]:’7 03 ]r,'. .07 66 .33
Standard Deviation 0.29 0.156 0.60
Yeximun 119.3 14,27 67.21
I'"inimun 115.3 13.72 51,62
Number of Bombs 25 10 25
Bomb, G.PI’ 100"1bl’
1730
(Steel Fins)
llean 117.6 1.0l 65.91
Standard Deviaticn 0.75 0.25 0.81
Yaximum 118.8 14,36 68.16
Vinimm 115.8 13,70 6l:.76
Number of Bombs 19 19 19
large in Diagonal
Yean : 102.6 154k 51,88
Standard Deviation 0.76. 0.067 0.50
Maximum 103.9 15.53 53.04
Yinimum 10101 15032 51-09
Humber of 3Bonmbs 10 10 1C
5 -
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n X I?
Yeight Distance Voment of Inertia
(Complete of Center about Transverse
- as of Gravity Axis throuch
~ Dropped) fron liose Center of Gravity
(1bs.) (in.) (1b.£t.2)
Small Fin Diagonal ’
Yean 102.6 15.h5 51,8k
Standard Deviation 0.58 0.037 0.h3
Naximm 103,k 15.52 52.37
¥infmum 101.7 15.39 51.02
Nurbar of 3ombs 10 10 10
Drum Fin
Yean 102.9 15,59 57.983
Standard Deviation 0.6G 0,072 .39
Yaxinum 104.1 15.76 £8.72
Hinimm 101.2 15.50 57.31
Number of Bombs 6 6 6

o
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AFPENDIX B

FIRING RECORD SUOWING DIFFERENCES
BETJSEM T'E RANGES AND TIIES OF
FLIGYT OF TYE ROMB, G.P., 100-1b.,
AN=230 AND AN EXPERIIEMTAL 1CO-1b,
PRACTICE RO!B WITH A DRUM-TYPE FIN
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i ABERDEEN PROVING GROUMND, MARYLAND 10T
¢
£ .
% OBJECT OF FIRING: Comparison of STD M30 Bomb DATE OF FIRING  3/L/L3
4 and FIRING RECORD NO.
Concrete Bomb with Round Fin SHEET 1 OF 1
g ‘ 0.P, NO.
i 0.0. FILE
A.P.G. FILE
; W.o. NO. 323"1
Bomb Bomb with Difference
with longest Flight Flight of | Difference| in time
Bomb | longest tine of of concrete | in range of fall
No. | Range flight 30 bonb (£t.) (sec.)
"1 same together good none none
2 same together good none none
3 concrete good 150
kL . M30 oscillated 0.L46
5 concrete |together good 140 - 0.00
6 together good
7 concrete |concrete good .15
8 good : 0.15

Bomb #i |Time of fails 25.55 seck.
S IPimp of £231: 25,66 nreh,
8 Time of falls 25.59 seck.

Bomb #1 100t left of No.2
3 Lot left df No.k
5 110* rightiof No.6
7 85 left bf No.8

Bombs released from § B-18 airplane flying at an altitude of 10,000!, in salvos of
two, 1 each of STD M30 and concrete bombs,

Concrete bombs were painted yellow and equipped with circular fins and
. M30's painted o.d.

Present for Test:

Mr. Mateer )

- Mr. Woolery) COni.':rete Product Coe

- 28 - Lt. Olson
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