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DESIGN AND COVmmVE BAIITSTICS OF NE7 EXPylHIt.^TAL CONCRETE PRACTICE 

BOMBS WITH DRinz-TYPS AND S??AII. A!!D LARGE BOX-TYPE FIN ASSSISLIES 

Abstract 

Qualitative description of the theory used in desipn of practice 
and demolition bombs is given briefly in this report* The known 
important 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 
aerodynamically superior to the box-type and a box-type with small 
fin diagonal is superior to a box-type with large fin diagonal, f 
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I« Introduction 

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 «as 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» Col. R. 0. Shinkle for advice on fin design» 

The Theory Section of the Exterior Ballistics Branch of this Laboratory 
made several recommendations« Only slight changes on the body of the bomb 
were considered desirable, bat it was recommended that the fin structure 
be modified by moving the leading edge further back and by making the fin 
box smaller« It was also recommended that a British drum type fin assembly 
be constructed, and dravfings of several British bombs were shown as examples. 

Tvro fin rssemblies ^.vere then designed by Hr. G. D. Ifeteer of the Concrete 
Products Company of America. One v/as of box type, with a fin box diagonal 
of length 6.72", v/hich appeared to be the smallest box which would permit 
convenient hrndling of the sootting charge assembly. The other fin assembly was 
of drum-tj'pe, with certain modifications on the connecting strut design. Both 
designs were considered by the Theory Section to be very promising. 

It was suggested that fin assemblies of both types be constructed and 
tested. Upon conversation with Llr. H. S. Beckman upon the subject of construction 
and test of the bombs, "r. Beckman sugr;oGtcd that a design also be made incorporating 
a fin box having mÖ.y' diagonal which is the length of the diagonal of the fin 
box of the Bomb, G.P.^lOOlb.^I.DO. This was considered a very desirable project, 
not only from the point of view of obtaining a good fin design, but also because  / •' 
definitive evidence upon the question of effect of fin box size upon drag could 
be obtained.^-  Accordingly, 30 bombs were manufactured, having identical bodies, 
with 10 of each of 3 fin designs. Schematic drawings of these bombs are given 
in Figure 8 of this Report. The two designs using box fins are identical except 
for width of fin box, the third design being the British type. 

The ballistic tests on these bombs arc now complete. In view of the fact 
that not only the prime purpose of the program, obtaining a sound design for the 
concrete bomb, has been accomplished, but also valuable information on design 
has been obtained, it appears proper to devote some attention to the relation 
of these tests to known principles of bomb design and to analyze with some care 
the results of the tests. 

\ 

i 

1» It was predicted by Col. H. H. Zornig 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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n« Some Principles Used in Design of Practice Bombs* 

!• Prel binary Statements, 

The forces on a bomb which is held rigidly at an angle 5 ^0 ^he 
direction of flow of an airstream are shown schematically in Figure 1. The 
total resistance offered by the bomb has components 
D ■ Drag and L s Lift measured respectively along 
and perpendicular to the airstream. There will 
also be a moment 11 tending to align the boraVs 
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 

which will be independent of the size of 
the bomb, it is desirable to define 
diraensionless aerodynamic coefficients as 
follows: 

£>*AG 

1.1 Kg B D/pd2u2 

KL r L/pd
2u2 sin 5 

KM r M/pdV sin & , 

CeNTC* or 
&#A v/ry 

C£A/r£fOF 

■.-;*'% 

/7£ 1 

Here p is the density, d the diameter and u the velocity of the airstream. The 
coefficients are functions of &, of ITach number and of Reynolds number. However, 

if % is written KD (1 + Yxtf*1) >  the coefficients KD , KDk, K^ and K- are 
O O y '  . , 

sensibly constant for most bombs for u between JO and 300 ft./zsec. and for V 
less than 10°• In comparisons of "drag" the numbers K]) will be the criterion 

o 
of comparison. The distance from the center of pressure to the center of gravity 
is easily seen to be dKjf/(KL cos 5+ KQ)^ or, since K^ is small in comparison to 

K^, for 5 small: 

1»2     Center of pressure distance = dfy/KY • 

The requirements for good bomb design can now be formulated simply. The 
prime requirement is that K.. be large enough to give a definite nircin of 

stability. The second requirement is that JC be as"small aJ possible ronsonant 

with strength of structure and ease of manufacture. The foregoing requirement 
is set not because of the inherent desirability of low drag, but because the 
dispersion due to accidents of launching, vdnd gusts, etc., varies almost 
directly as the drag. 

-I*- 
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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 called "dynamic11 forces and couples in contradistinction to D, L# and 
If which are called the "static" forces and coupls. A discussion of the 
importance of the dynamic forces and couples is beyond the scope of this xieport* 

2» Vforld V«ar Bomb Design# 

At the time of the ITorld Yfar emphasis was placed almost exclusively 
on the design of the body of the bomb. The forms developed by the United States 
Arny at that time were based on the form of Eiffel dirigible IV. The form is 
that obtained by revolving a curve consisting in part of 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. eriupse PARABOLA 

The body form was modified 
shortly after the V/ar to the tear 
drop desipn. This de«d£n is obtained 
by joining sections of two ellipses 
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 $. 

Both the Eiffel form and the 
tear drop form were exn^nsive to 
manufacture. Furthermorej the 
presence of fuzes, lu^s, and 
especially the fin structure made 
insignificant the Rain in aerodynamic 
efficiency of t^ese types over the 
simpler forms. For one type of bomb 
Dr. E. J. Loring stated^- that the 
drag of the bomb body alone vfas only 
58 per cent of the drag of the complete 
bomb. Accordingly, a cylindrical body 
with elliptical ogive and conical after 
body was designed by Dr. Loring. This 
combined ease of manufacture with 
adequate aerodynamic characteristics. 
Host modern bombs make use of the loring 
design for the bomb body. A further 
discussion of this design is contained 
in the following section. 

-i-K^« 

F/G. 2 

yEA/Z   O/ZOP 

F/G. 3 
FO&M 

1. "Bombs, Their Flight, Action, Test and Design". Lecture given at 
Picatinny Arsenal, Dover, N. J., November ? and 6, 19214, by E. J. 
Loring. 
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3* Kfeasurements Made by H. L, Dryden»-^ 
» • 

Wind tunnel tests were conducted at the tU'-S'« Bureau-of ßtahäards 
by Dr. H. L. Dryden upon a nunber of bomb models. These included a series 
of designs by Captain Frank Short, as well as modelt of a number of standard 
bombs• Certain of the results will be reviewed here briefly« 

a« Effect of ogive Shape. 

The shape 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 
diameter length, with elliptic section appears to be satisfactory. 

b. Sffect of body shape. 

The Loring design (See Figure I4) differs little aerodynamically 
from tear drop designs. In one case, 
for flat fins without braces, there 
was 12 per cent difference in drag 
between a tear drop form and a 
cylindrical form. When fin braces 
were added there was no perceptible       jt00*** T^^LDä' 
difference between the two types. C 

For miniiuum drag the angle a 
between the tail cone and the LO^/A/Q    oes/GM 
cylindrical side should be between r/r 
12° and 15°. (it is of interest to h/(y'   *" 
note that for shell a Vc boattail . 
has been considered optimum). 

c. Effect of fin braces , 

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

d. Fin design, 

For models with simple vane t^e fins the fin drag 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 approximately the leading edge of the 
fin. The following fin designs were found to be successful: 

1. The following is taken from "Aerodynamics of Aircraft Bombs" by Hugh L. 
Dryden. Bureau of Standards, 1927• 

- 6 - 

QgPf^JP**^*« -• ■-- 



»"—"«Hr 

(1) Cross blade fins, with leading edge of fins well back, 
with considerable fin area, with 110    r — 
braces # (Structural considerations '    r^^  ^ 
in many cases prevent use of t his 
design;• 

(2) Cross blade fins with f!napkin ring" brace• 

3> 
cü  # 

r/N 
(3)   Cross blade fins with cylindrical brace.    ^ SSF/VÖL /f'S 

F/G. S 
(h) Loring box tj^pe fins . 

U» Effect of Skin Friction on Drag* 

Uvotc: (2) and (3) are from 
Captain Fe Shorts series). 

A recent study was made by H. He Kent of the effect of skin friction 
on the drag of bombs • The form factor i of a bomb is defined to be the ratio 
of its drag coefficient corresponding to zero -yaiT, Krj-, to the cävre drag 

coefficient Kn-, • The form factor as deduced from time of flight measurements 
5 

is im and as deduced from range meösurements is i , Figure 6 shows i- and ir 

against the ratio of the total surface area to the square of the diameter for a 
series of bombs. The values of i^ and i are those deduced from range bombings 

at 10,000 foot altitude at an airspeed of 160 mi./hr. 

Examination of the graphs shorrs 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 following material is taken from Ballistic Research Laboratory 
Memorandum Reoort No. 7U, "Form Factors of Bombs as Dependent on 
Their Surface Ratios", by Rf H. Kent. 

7 - 



"^T^S«?5' ■; s^""' 
rrw-r— -*virzrr*r- i'-mrpui:i. ..'*■"***&*■    '''-T 

^f ■^iP»«^!«-^'*«-*»»» i„ij:,^!a. u^ri.wuiwwMWi.i.i u^r^r^^, ^L.^. - „ ^.s^v.^.--: *«■-«■■« -.; -*ft!f- f-?*j^-*> .■ ••5;<o 



fmmmmmwxwMMiMV^ma 

•ff:  «^»•«BIWW«»!?*'«»«!«»^.™,.- 
   .... » .-(■.■sasJ'f.i'.'S«-^,, :■:■.- ■• .   v;,-... ,_^s*i,^Ai.i.,,,,...,»|-,  ,.r::. ^.^...i-^ --^^.stt-Wi .T-!!^! 

bomb, [in the cagft of artillery shell, skin friction drag is about 1$ p«r cent 
of the total drag.^J 

i        — Although it is undoubtedly true that skin friction is an important part 
I 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 
particular, 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 order the bombs in arproximately the same fashion 
as is done by the ratio of total surface to the square of the diameter. The 
presence of greater relative protuberance area on the smaller bombs would lead 
to relatively greater form drag. 

fj. Observations made by Colonel H. H. Zornig. 

A considerable amount of experimentation was conducted by Colonel 
H. H. Zornig on improvement of certain bombs, in particular2 the Bomb, Practice, 
100-lb.^M33. The 168 had a smoke bottle for spotting* purposes held in a cage 
in the fin 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, r(This< offocf of'b&llyrbands has since been verified in other 
experiments.) 

i It was also surmised by Colonel Zornig that a large fin box contributed 
appreciably to the drag. Figure 7 shows a graph of i and i against the 

T    X 
ratio of the width of the fin box diagonal to the diameter, and indicates that 

| this is the case. This evidsr.ee Is, however, subject to somewhat the same 
objections raised in the last paragraph of the preceding section, namely, 
the comparison is not a comparison of homologous bombs. The ouestion of 
effect of fin box width will be f\llly discussed in the analysis of the results 

j of the tests of concrete practice bombs. This experiment gave definitive 
evidence upon the ouestion. 

6. Brief Summary of Current Information on Body and Fin Design. 
r 1 

a. Effect of Ogive Shape . 

If dynamic forces and torques are ignored, as long as the 
nose is not too blunt, and there are no sharp corners, the ogive shape is 
not of critical importance in bomb design. 

b. Effect of Belly Bands, 

If belly bands are used the drag will be increased by from 
15 to 25 per cent. This method of attaching suspension lugs is particularly 
unfortunate for semi-armor-piercing and armor piercing types, where a high 
striking velocity is desired. 

1. See Ballistic Research laboratory Report No. «»G?, "The Relation Between 
Skin Friction Brag and the Spin Reducing Torque," by A. G. Charters and 
R. H. Kent. 

2. An account of some of this work can be found in Ballistic Research iKiboratory 
Report Mo. 73» "A Study of Tethods by Which the Air •tesi?tince of the 
100-lb. Practice Bomb 133 (T2) Can be Reduced", by H. P. Hitchcock. 
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c« Effect of Body Shape« 

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

d. 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-lb., Hhl). 

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 Bhroud 
or 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. Design of an ^x^eriment with Concrete Practice Bombs with Fins of 
three DlTrercpt ffiges^    : —-•——— 

As stated in the introduction ten (10) bombs i-rith tail assemblies 
of each of three types were constructed. Drawirns of these bombs appear on 
Figure- 8. 

The bomb bodies are identical in all three designs. The bodies are of 
solid concrete, with a cavity for the spotting charge and rrith the lugs and 
the bolts for the tail assembly 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 lar^e fin box, 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 presents no sharp corners and the conical section makes an angle 
of 10° with the side of the bomb. The absence of nose fuze and the small lugs 
also contribute aerodj71ar.ical.ly. The back of the bomb body presents only those 
obstructions to the air flow which are necessitated by the spotting charge. 

The leading edge of the fins is well to the rear of the bomb body in all 
three cases. It was considered that the small fin box would probably 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. 

-ii- 
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It ia to be remarked that ?ir. Mateer^ desicn of the connecting struts 
on the British typo 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 shonldvcaase almost the entire fin forc^ to act on 
the drum, which is well back of the body. 

8. Physical Characteristics of the Concrete Practice Bombs. 

It is to be remarked that the weights, center of gravity positions 
and moments of inertia of the concrete bombs drornsd at the Proving Ground 
were remarkably consistent. These data are given, together with corresponding 
data for the AM-1^30 • and .138A2 in Appendix A. In each case the standard 
deviation of the measured quantity is much smaller for the concrete bombs than 
for the AN-M3D and I X38A2. 

This uniformity is perhaps not of too great importance in so far as it 
affects bombing vrith practice bombs at the Proving Ground. However, it has 
come to the attention of the Laboratory that the Bomb, Practice, * 138A2 has 
not always been loaded to prescribed weight in the field. In one ; instance, 
bombs loaded at one station averaged li lbs. 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 variation in weight is to cause 
systematic error in bombing. An average of 7 lbs. too little sand for the 
^3Bä2 would result in a systematic target error of about 5 mils at the 
airspeeds novr most corrrionly employed in service. It is believed that use of 
concrete practice bombs would present errors due to this cause. 

A possible advantage of the drum t^e over the box type fins should be 
noted. According to Captain F. D. Atkinson^ of the Armament Laboratory at 
Y/right Field, certain types of under win^ bomb racks require that the suspension 
lugs on bombs with box t^'pe fins be moved around b?0 from their normal position* 
This would be unnecessary vdth the drum type fin. 

Ill• Comparison of the Experimental Iteg?7lts Obtained from Dropping Concrete 
Fractice Bombs with Three DilTerent Types ol' Fin Assembly. 

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

Of the 30 bombs used^each of h was dropped in a two-bomb salvo 
with a standard Bomb, O.P., 100-lb., AMOO. These four were all of the drum 
type since less was known about this type than any other, and the salvo nßthod 
offered the most 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 
flight, the mean difference in range being 76 feet and that in time of flight 
O.lJ seconds for an altitude of 10,000 feet. The results on time of flight 
are not conclusive, being based on stop-watch readings.1 

]. These measurements are given in Appendix B. 

- tf - 

■—=*^*t^WRfttf\i--f*W ..'-■^■-■5*»* Ja^tt-^fiV-^ 



^iSMS^vS^"***: i^WftJM^» •'•-'aWE«S*»«r;«*<..« 
:*< '-'• TW1****-*?: 

The smaller retardation for the bombs with drum-tyre fins was in s pite 
of the Fact that they were 15 lbs. lighter than the AIW.30 bombs. Of two 
bombs with identical shapes, moments of inertia and centers of gravity afld 
the sane anplitude and period of yaw, the more massive bomb will have a smaller 
retardation. Let the mass of the lichter bomb be denoted by »u, the mass of the 
heavier bomb by n^, and the reciprocal ballistic coefficients by Y with 
subscripts corresponding to those used for mass. If the bombs are geometrically 
and mechanically homologous and have identical yaw, the ratio of the reciprocal 
ballistic coeff5.ci?nts is given by 

The form factor, i, defined fcy 

...  -i ^  -. 

reflects diracjtly the relative efficiency of the bombs as shown in the following 
table; 

TABLE I 

Form Factor 

From Ran^s From Tirre of Flight 

AN-I.30 1.30!* 1.U32 

Dr^m-Type 0,906 1.159 

Since the conditions under v/hich the mass reduction would be correct are not 
satisfied, only an approximate value of the reduction of retardation can be 
obtained from Table 1. It appears that the draj for the drvn t^e bomb is 31^ 
less than that for the AK-IOO if inferred from range, or 22% less if inferred 
from time of flight. Of course some of this may be attributed to difference in 
lugs and absence of fuzes5 but it seems reasonably certain that the main 
difference is due to the type of fin. This decreased drag for the drum fin would 
result in a decreased trail and time of flight, decreased differential effects, 
and greater accuracy in bombing, especially from high altitudes. 

The difference between the ranges 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 quantities furnish easily intelligible 
measures of ballistic efficiency. The following table gives a comparison of 
these elements. "Drum-type as Corrected" refers to the results expected for a 
bomb with a drum fin with a nass reduction made according to the procedure 
described earlier. 
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TA3I2 II 

Altitude of Release 10,000 ft»; True Air Speed of Release 160 uii./hr. 

Bomb Range Lag 
(ft.) 

Tine Lag 
(sees«) 

AK-JOO 

Drum Type as Dropped 

Drum Type as Corrected 

379 

303 

266 

1.UX3 

1.263 

1.106 

Thus for comparable bombs, the drum fin may be expected to 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 Measurements of Range and Time of Flight. 

Of the 30 bombs whose flight characteristics TTerc to be compared, 
h bombs with drum fins were droped in the comparative tests just described and 
one bomb with a drum ?in was expended in a handling test. Absolute measurements 
of the ranges and times of-flight of the other 25 bombs were made by means of 
the Cameras Obscura and associated instrui-cntatiorrand of these fairly conclusive 
data for $ bombs with large fin-box diagonal, 9 with small fin-box diagonal and 
5 with drum type fins are available at the present date. 

•pv»/* rv»asured ran^pfl and times of flight wore rednced' to those elements 
which wmild have been-obtained if there had been no ballistic wind, no ballistic 
departure from standard air density structure, no climb and no rotation of the 
earth.  The latter quantlt?es, which are described as reduced ranges and times 
of flight, were th«n corrected to those vslues which would have resulted if 
the actual release had been made from an altitude of 10,000 feet and an air 
speed of 160 miles per hour. These results, described as standard elements, 
are tabulated below. The mean standard range la~s .?.nd time la^s and the 
individual, uncorrected standard deviations of these  eier»ents are snovoi in 
Table V. Round (1), vrhich is si.r.poctcd to be a "maverick", was excluded in 
making the tabulation. 

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. ibh, "First Progress Reports 
On the Accuracy of the Camera Obscura Installation for Obtaining the 
Initial Data of Bomb Ballistics." The equipment 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 Y/estern Electric Camera Clock in Determination of the 
Time of Flight of Bombs." 

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. 
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, RAKE 
(ft.) 

TABIE II] [ 
•         • • 

TIME OF FLIGHT 
(sees.) 

Date   Large Fin 
Diagonal 

Small Fin 
Diagonal 

Drum Fin Lar^e Fin 
Diagonal 

Small Fin 
Diagonal 

Drum Fin 

3-8-13   5Ut3.,. 
5617(1) a» 
5U92 
Ä55 

l»-2l»-l43 

5516 
55314 
5520 
51.38 
9-69 

5a67 
5Ii99 
5W2 
51*75 

5591 
5U76 
5190 
5557 
5518 

26.355n. 

26.283 
26.201; 
26.I4OI1 

26.071 
26.102 
26.199 
26.235 
26.281; 

26.036 
26.069 
26.137 
26.072 

26.132 

25.928 
25.930 
26.098 

Man ill 
Observations 

5192 SWS 5526 26.3h7 26.139 26.03li 

«tean with- 
out 1            51J62 

• 
26.313 

, 

Optimum 5st5-i?ate 
of Probable Error 
of the I'ean          21.68 7.11 1I4.26 '   0.0323 0.0131 0.0325 

Optimum Bstimate 
of Probable 
Error of the 
Mean without 1       7.09 0.0292 

Optimum Estimate 
of the Probable 
Error of an 
Individual            liS.M 21.33 31.89    1 0.0722 0.0514U 0.0650 

Optimum Estimate 
of Probable 
Error of an 
Individual 
without 1              ]i;.19 0.0565 

The corresDondin^ reciprocal ballistic coefficients are shown 
in Table IV. 

- 16- 
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TABIE IV 

RECIPROCAL BALLISTIC 
COEFFICIENT CORRKSPO!a)IKG 

TO RAKJE 

RECIPROCAL imillSTIC 
COEFFICISKT CORRESPOMDIKG 

TO TBS OF FLIGHT 

Date  Large Fin Snail Fin Drum Fin! 
Diagonal  Diagonal 

3-8-h3 .7752,,. 

.1502 

.6793 
♦7519 

k-2h~h3    . 

.6333 

.59814 

.6212 

.7362 

.IhhO 

.7273 

.6671 
•6983 
.7122 

.U886 

.7092 

.6835 

.55140 

.6289 

Rcciorocal Ballistic 
Coefficient of &san  .6755    .6877    .6126 

Reciprocal Ballistic 
Coefficient of yean 
Tvlthout 1 .7392 

Optimum Estimate of 
Probable Trror of 
Reciprocal Ballistic 
Coefficient       O.Oh23 0.0139   0.0276 

Optimum Estimate of 
Probable Error of 
Reciprocal Ballistic 
Coefficient without 
1 0.0139 

Optimum Estimate of 
Probable Error of 
Reciprocal Ballistic 
Coefficient of an 
Individual without 1 0.Q2T8 

Large Fin Small Fin Drum Fin 
Diagonal  Diagonal 

.8130 / .6li98 

.WW1* .6676 

.77U6 .7236 

.7267 .7UiO 

.5297 .7722 

.6583 

.61*89 

.6868 

.6502 

.681i9 

.5669 

.5970 
• .66h9 

.3086 .6390 .6283 

.7391 

0.0136 o.oioh       0.0187 

0.0168 

1Optimum Estimate of 
Probable Error of 
Reciprocal Ballistic 
Coefficient of an 
|Individual .O9I46 .0iil7 .0618  1 .0hl6 .0311 .0375 

0.0336 
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TABIE V 

Fin Type 
(1) 

TArge Fin Diagonal 
(2) 

Small Fin Diagonal 
(3) 

Drum-Type Fin 

Range Lag 391 365 327 

(l)-(2) 
26 

(2H3) 
38 

(l)-(3) 
6h 

üncorrected Individual 
Standard Deviation of 
Range Lag 

18.2 29.8 k2.3 

Time Lag 1.372 1.198 1.093 

(l)-(2) i (2W3) 
0.105 

(l)-(3) 
0.279 

Uncorrected Individual 
Standard Deviation of 
Tine Lag 

0.075 0.076 0.083 

If the standard deviations of the three populations from which these samples were 
drawn were known to be the same, the significance of the differences could be 
determined by the Student "t" Test.1 The fact that there is no significant 
difference between the observed standard dsviations can bo established by the 
nzn  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 
tirentieth or smaller is often taken as the proper significance level in this 
type of experiment. The probabilities are given in Table VI. 

The large fin diagonal results in a range T»hich is different from that of a 
drum fin on a significance level of O.Olt, 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 assembly, 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 observers comments on the observable yawing and 
rotation of the bombs are shown in Table VII. 

1. The H" Test and the procedure enployed in making it are described in 
R. A. Fisher, Statistical Methods for Research Workers," Chapter V. 
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TABIE VI 

PJttXJS 

Difference Large Fin Diagonal 
Hinus 

Small Fin Diagonal 

Small Fin Diagonal 
Minus 

Drum Type Fin 

Large Fin Diagonal 
üinus 

Drum Type Fin 

t 1.1*9 1.81 2.1*9 

P z 0.17 z 0.10 . = o.oh 

TABIS VI 

TIMS OF FLIGHT 

Difference Larne Fin Diagonal 
Minus 

Snail Fin Diagonal 

Small Fin Diagonal 
Minus 

Drum Type Fin 

Large Fin Diagonal 
Minus 

Drum Type  Fin 

t 3.52 2.05 1.30 

P < 0.01 s 0.07 <0.01 
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TA31E VII 

ORDNANCE OBSERVER'S RECORD 

FLIGHT C^.RACTERISTICS 

100-ib. Concrete Practice Bombs 

Oscillation Rotation 

Date Large Fin Small Fin Drum Fin 
Diagonal Diagonal 

3/8A3 None None 
Hone None 
Kone None 
Hone None 
None None 

Ii/2UA3 I None Kone   1 
Kone • None ,  !| 
None None 
None None   1 

None 

Large Fin Snail Fin Drum Fin 
Diagonal Diagonal 

Slow None 
S1O\Y Slow 
Slow Slow 
Medium None 
Slow Slow 

None None 
Slow None   i 
Slow None 
Slow Slow 

None 

-20 - 
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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 effects 
and greater intrinsic accuracy than the better of the two box-type fins 
shown in this Figure« 

(2) The width of the diagonal 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 bonibs with the ratioJ of the diagonals across the fin box 
to the diameters of the bodies« The ratio of the form factors with respect 
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 
time of flight for the bonib with small fin-box diagonal to the bomb with 
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 preater intrinsic accuracy than the box-type fin with large _ 
diagonal across the fin box. 

(3) Although the Bomb, G«P«, 100-lb«, AN-M30 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 bonib with large fin box and is also an important helping! 
factor in the other two cases« 

(U) The drum-fin assembly results in performance of the concrete bomb which 
compares favorably with the Bomb, Practice, 100-lb., M38A2« The drum- 
fin assembly appears to have a smaller lift effect than the M38A2« Thus 
the range and time of flight of the drum-finned bomb are both smaller than J 
the corresponding elements for the W33A2« 

(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 
possible at present only by the most extensive experimentation followed by t" 
analysis, interpretation of data and additional experimentation« This 
procedure, given a long enough series of experiments, is certainly possible} 
but is, equally certainly, impractical« A good match at all altitudes and |- 
airspeeds for different bombs appears impossible of attainment« 

■ i 

(6) The concrete bonib 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« 
The loading of the Bomb, Practice, 100-lb., M38A2 is carefully specified irf 
the front of bonibing tables but field practice has resulted in wide depar- | 
tures from correct loading and in consequent systematic departures of the I 
center of impact in practice from that in range bombing at the proving 
ground« The employment of liquid fillers has resulted in incomplete load- l 
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 uniform« 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. RSfebifeiendationa 

It is accordingly recomr^nded that: 

(i) The dru!a~type fin shovm in Figure S be adopted for drnloyraent irith 
the concrete practice bomb, 

(2) In connection with fin design, the advantages of a drum-t^e fin of 
good design over a box-tvp« ^in be further explored. 

(3) In connection with fin desiftn, the advantages of a box-t^e fin with 
small diagonal over a box-type fin with large diagonal be further 
explored, 

(h)   The attempt to secure wa^chin^ of both trail and tine of flight at 
varying altitucics and air speeds of release for bombs of djfferent 
shapes and nochanical constants be abandoned, and bonibing tables 
be issued separately for differed bombs unless the exterior contour, 
the mass, the center of gravity position and the moments of inertia 
are identical. 

Rigid materials, of which concrete is an jxamplc, whose density 
and uniformity can be carefully controllod, be employed w*v n^vsr 
possible for loading practice bombs instead of fluid materials or 
materials for which identical density at various airfields is 
difficult to obtain. 

(6) • Th« ^n?s, position of th^* center of gravity and moments of inertia 
of practice boüibs, and tolerances corresponding thereto, be prescribed 
and controlled. 

This report resulted from a conference following an acceptance test of concrete 
as a substitute material for steel, made under the direction of Lt. Col, R, G. 
Shinkle, of the Arms and Ammunition Proof Command, at which it rras sv^rested to 
Ilr. G. D. ?Tateer, Consulting Engineer, Concrete Products Co., Philadelphia, 
Pennsylvania, that he discuss the design of bombs »rith renresentatives of the 
Ballistic Research laboratory. !'r. Tateer, redesigned and furnished for ballistic 
tests, bombs with center of gravity nosition, tail cötie, and fin shape suggested 
by Dr. E. J. TcShane, Mr. S. T. Hartin, and the writers. The writers are 
greatly indebted to Dr. lleShane and Tr. Martin for their suggestions on design, 
presentation of the data and critical review of this report and to Drs. E. P. 
Hubble and L. S. Dederick for encouragement of the project and suggestions which 
have been incorporated in the manuscript. 

J. L. Kelley 
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APP5NDH A 

MECHANICAL OOKSTAT^TS OF BOMCS 
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TA31E OF T'SC^IAKICAL CONSTAm'S OF INDIVIDUAL BO'T3S KJIPLDYED 

Progran Date of m X 
Itoraent of Inertia GrouD Heloase Weight Distance 

Kunibsr Run (Cocplete) of Center about Transverse 
Kurabcr as of Gravity Axis through 

Dropoed) from Kose Center of Gravity 
(lb. ft.2) (lbs)   . (m.; 

large Box 

1 3-3-143 102 .U I5.l«2 51.66 
2 102.9 15.1»? 51.68 
3 103.2 I5.1ll 52.23 
h 101.1 15.37 51.09 
5 102.3 15.32 51.73 
6 !*-2Wi3 103.1 15.53 51.91 
7 103.9 15.52 53.0U 
8 101.7 15.52 51.31; 
9 102.3 15.1.5 51.97 

10 102,2 I5.l4l 51.33 

Snail Box 
*    i 

' 

1 3-8-13 102,9 l5.Wi 51.02 
2 103.1 I5.li5 52.3U 
3 101.7 i?.lt5 51.30 
ti 102.7 15.1*9 52.07 
$ 102.1 I5.1i0 51.59 
6 ii-2W0 101.3 15.1.7 52.2h 
7 103 .U 15.39 51.93 
8 102,2 15.52 51.63 
9 5-5-13 103.2 15.10. 52.37 

10 103.0 15.1.2 51.90 

Round Fin 

1 14-2^3 101.9                15.76 57.)i9 
2 102.2 15.66 57.31 
3 103.0 15.57 57.80 
1* 103.6 15.50 53.23 
$ 1CM 15.0 58.75 
6 102.5 15.50 53.27 
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IiEAH ?iRC!lA?TCAL CONSTANTS OF COKCHSTS PRACTICE 
BO^BS, OF 7!!E BOr!B, G.P., 100-lb., AN-I^O, AND 

ADD TO mm PPw\CTICE, 100-lb., I.03A2 

• 

m 
TTeight 

(Complete' 
as 

Drooned) 
(lbs.) 

X 
Distance 
of Center 
of Gravity 
from Tose 

(in.) 

Moment of Inertia 
about Transverse 
Axis through 
Center of Gravity 

(Ib.ft.2) 

Bomb, Practice, ICO-lb., 
J.38A2 

Mean 
Standard Deviation 
llaximura 
lünl^ura 

) 

99.3 
0.85 

102.0 
98.0 

18 ah 
0.21; 

18.76 
17.75 

76.06 
1.31      l 

79.50 
12.6h 

Number of Bo^rbs 99 99 99 

Bo-ib, G.P., IGO-rj., 
1.30 

(Aluminun Fins) 

Tern 
Standard Deviation 
JtaxiiAun 
1,'ininun 

317.3 
0.89 

119.3 
11?.3 

lli.O? 
0.16 

Hi. 27 
13.72 

66.33 
0.60 

67.21 
61.62 

Kunber of Bombs 2$ 10 25 

Bomb, G.P., 100-lb., 
130 

(Steel Fins) 

Pean 
Standard Deviation 
Maximum 
lUniwum 

117.6 
0.7$ 

115.8 
11<.8 

Ih.Oh 
0.25 

lli.36 
13.70 

65.91 
o.ai 

68.16 
61.76 

Number of Bombs 19 19 19 

Large Fin Diagonal 

>.-ean 
Standard Deviation 
I-faximum 
Minimum 

102.6 
0.76 

103.9 
101.1 

15.1^ 
0.067 

15.53 
15.32 

51.88 
0.50 

53 .on 
51.09 

Number of 3ombs 10 10 10 
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n 
Vfeight 

(Complete 
as 

Dropped) 
(lbs.) 

X 
Distance 
of Center 
of Gravity 
from Hose 

(in.) 

lloment of Inertia 
about Transverse 
Axis through 
Center of Grctvity 

(Ib.ft.2) 

Small Fin Diaconal 

}.:ean 
Standard Deviation 
Maximum 
Fin-.mum 

102.6 
0.$8 

103 .h 
101.7 

1S.\6 
0.037 

15.52 
15.3? 

51.81t 
0.1i3 

52.37 
51.02 

Number of Bcnbs 10 10 10 

Drum Fin 

Standard Deviation 
Maximum 
Minimum 

102.9 
0.60 

lOli.l 
101.9 

15.59 
0.072 

15.76 
15.50 

57.93 
0.39 

58.7? 
57.31 

Number of Bombs 6 6 6 
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APPENDIX B 

FIHING RSCOHD SHÖlSIKa ÜIFFEHälICSS 
DETdEEH TfE RANGES   AM) TI12S   OF 
FLIGHT OF THE POVB, G.P.,  100-lbM 

AN-?00 AND AN EXPSRIIISTOa ICO-lb. 
PRACTICE B013 VilTH A DRUI.I-TYPE Fill 
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ABERDEEN PROVB^G GROUND^ MARYLAND 

vlg/lrb 

LOT 

OBJECT DP FIRING r Comparison of STD 100 Bomb 
and 

Concrete Boob with Round Fin 

DATE OF FIRING  3AA3 
FIRING RECORD NO. 
SHEET 1 OF 1 
O.P. NO. - 
0.0. FILE 
A.P.G. FILE . 

W.O. NO. 

—."-,■.-■-■ "'" ■ r*" ■"—"■-■■■—- 

323-1 

Bomb tomb with [Difference 
with longest Flight Flight of Difference in time 

Bonb longest time of of concrete in range of fall 
No« Range flight 100 bomb (ft.) (sec.) 

i sane together good none none 
2 same together good none none 
3 concrete good 150 
It • 100 oscillated 0.1;6 
5 concrete together good liiO 0.00 
6 together good 
7 concrete concrete good 15 
8 good 0.15 

Bomb #U Time of fa Lli 25#55 sec i. 
Timo of fsdl: ??*?6 rrc*. 

8 Tine of fä .It 25,59 sec u 

Bomb #1 100« left >f No.2 • 

3 liO» left >f No.l* 
5 110» right of No.6 
7 85» left )f No.8 

Bombs released from ^ B-18 airplane flying at an altitude of 10,000», in salvos of 
two, 1 each of STD 100 and concrete bombs. 

Concrete bombs were painted yellow and equipped with circular fins and 
100»s painted o.d. 

Present for Tests 

Mr. Mateer ) Concrete product Co. 
Mr. Woolery) 
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