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HPH/einh 
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(Revised    October 1944) 

BAMPING OF CALI3ERS 0.30 and 0.50 BULLETS AND 37MM H.E. SHELL 

Abstract 

Vhe darr.ping factors of the caliber 0.30 bulietr,, ball Ml and M2 
and tracer Kij caliber 0.50 bullets, ball Ml and A.P. M2; and 37rrjn 
H.E.  Shell M5A with P.D. Fuze f.56 have been determined experimentally. 
The corresponding aerodynamic coefficients are tabulated. 

ILLUSTRATIONS 

1 Bullet,  cal.  0.30, ball Ml 
2 Bullet,  cal.  0.50,  ball Ml 
3 Bullet,   cal.  0.50, A.P.  M2 
4 Bullet, cal. 0.30, ball M2 

5 Bullet, cal. 0.30, tracer Ml 

6 Shell, H.E., 37mm M54. with Fuze, P.D.., M56 

7-13 Curves of Yaw Squared vs Distance, for 37iTun Shell M54. 



TABLES 

I    Physical Constants 
• 
1 II   Stability firing date: Bullet, caliber 0.30 ball Ml 

!  ( 

III  Stability firing data: Bullet, caliber 0.50 ball Ml 

i 1 
| IV   Damping data: Bullets, cal. 0.30 and 0.50, ball Ml 

1 ä ■ 
j  I   •       V Stability firing data: Bullet, cal. 0.50, A.P. M2 

I VI Damping factors: Bullet, cal. 0.50, A.P. M2 

VII Maximum yaws: Bullet, cal. 0.30, ball M2 

VIII Damping factors: Bullet, cal. 0.30, ball M2 

IX Maximum yaws: Bullet, cal. 0.30, tracer Ml 

X Damping factors: Bullet, cal. 0.30, tracer Ml 

XI Physical data: 37mm H.E. Shell M54; P.D. Fuze M56 

XII Damping factor firing data: 37mm H.E. Shell M54 
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PREFACE TO FIRST REVISION 

In this revision, the values of the cross wind force 
coefficient were recalculüte-d, using the last term In equation 
(18) on page 55 of BRL Report No. 276, "Aerodynamics of Small 
Arms Bullets", revised October 1944. Including this term and 
the spin factor, equation (i;2) of the same report becomes: 

K   \ü  v2   C K ' * ^' 
o 

if K - KL/KWCL, (21) 

KL is the cross wind force coefficient, KM the moment coefficient, CL 

the drift coefficient, 2» the time derivative of the linear drift, 
x the horizontal range, v the  velocity of the projectile, co the 
spin, ü>0 the initial spin, B the drag coefficient, C the 

ballistic coefficient, and p the air density ratio. 

The values of the cross wind force damping factor, the 
yawing moment da-nping factor, the yawing moment coefficient, and 
the Magnus moment coefficient have been changed to agree with 
the revised values of the cross wind force coefficient.  Ihe sum 
of the cross Aind force and yawing moment damping factois 
has not been changed.       -2- ——.*. *_._* 



I.  INTRODUCTION 

1. Since bullets and shells fired fron an airplane 
attain large yaws, it is necessary to determine their rate of 
damping in order to calculate their trajectories accurately. 
It is therefore proposed to collect the best available data 
en this subject> and to summarize the results. The principal 
sources of the experimental data are two Ballistic Research 
Laboratory reports: No. 276, "Aerodynamics of Small Arms 
Bullets", and No. 354, "Aerodynamics of 37iBm H.E. Shell M54." 
Much of the explanation and most of the tables are taken 
immediately from these reports. 

2. In Report No. 276, the Magnus moment damping factor 
was disregarded. After comparing the theoretical trajectories, 
based on the results contained therein, with observations of 
actual firings from airplanes. Major T. E. Sterne discovered 
that it was necessary to take account of this factor in order 
to secure agreement. The evidence indicates that this factor is 
negative: since this had been believed to be unlikely, in view 
of Fowler's observations*, its effect had previously been 
considered negligible. 

II. M0ÜLT0N- GUION THEORY 

3. The yawing moment damping factor of some of the 
bullets was computed by a method derived from Guion's extension 
of Moulton's formulas.  These are applicable to larger yaws 
than Fowler's2, but the results were found to be less accurate 
because they involved several factors that were not well 
determined. 

4. All the observations indicated that the minimum yaw 
was zero at all ranges. More accurate measurements may show 
that it is really different from zero, but it is certainly 
quite small. This condition allows us to simplify the formulas. 
Furthermore, we assume that 

where 

T = L/v0, 2/2 = (p'v0. 

T is the period of yaw (in seconds), 

L   the linear period (in feet), 

v   the muzzle velocity (in ft/sec), 

ß /2 the rate of precession (in radians/sec), 

(p'  the linear precession (in radians/ft). 

* Ref. 2, p. 356. 
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It should be explained here that this is not the true rate 
of precessioai but the rate of change of orientation at the 
tiae of a small maxissm yaw; 

ß/2 « AK/2B, 

«here 

A is the axial aomeat of inertia, 

B   the transverse moment of inertia, 

H   the spin. 

5.      This method then reduces to finding the yawing moment 
damping factor f by the approximate formula: 

! 
B(l + w-^)    !d<!)»v0 

( 2ti(w3 -w1)  iTT^1    <f,,L<1 " wl) + T 
Ta aav. 

2<p«v0B 

W&PQ <p,L(1 w
l)ff 

J 
= - Aa sina 

2JP'V0B 

[n^)<?,L(1 
-*i) 

B(l + Wj^) 

2|x(w3-w1) 

8(P«v 
-«l) - 

irz asv_ 

(1) 

where 

wi = 

x   ~ 

cos a , 

2s - X, 

pd3v2KM, 

pd2vKT/m, 

(2) 

(3), 

(4) 

(5) 
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a    is the average oaxiisum yaw (radians), 

A a     the variation in maxinraa yaw during one 
complete period, 

x the cross wind force damping factor, 

s the stability factor. 

It the si sent factor, 

p the air density, 

d the caliber, 

v the velocity, 

at the mass of the projectile, 

IL. the moment coefficient, 

K, the cross wind force coefficient. 

6.  The maximum and minimum yaws, the linear period, and 
the linear precession are determined by firing the projectile 
through a series of screens and measuring the major axis of 
each hole and its orientation with respect to the upwards 
vertical. The yaw is a function of the major axis, which 
depends on the shape of the projectile. The screens used in 
the present tests were made of photographic paper tacked to 
wooden frames. The holes were exceptionally clear and easy to 
measure, because the shell left a stiarp impression on the 
colored emulsified face of the paper and the ragged edges were 
white»  In order to induce yaw the muzzle v/as deformed:a 180° 
notch Has  cut in the machine gun barrels; an adapter with a 
similar notch was screwed to the 37mra tube. 

7.  The stability factor is defined by the formula 

s - A2N2/4Bn (6) 

but is determined as a function of the maximum yaw and the 
\        product of the linear period by the linear precession. The 

moment coefficient and moment factor may then be calculated 
from it. 

a 8.  The cross wind force coefficient is determined from 
the observed drift. In order to eliminate the effects of wind 
and aiming errors, the drift is measured by firing two barrels, 

j .        one with right hand rifling and one with left hand rifling, 
I in the same mount, at vertical targets. Only the variation in 

angular drift from 100 to 600 or 1000 yards is considered in 
calculating the cross wind force coefficient, to v/hich the 
drift is proportional. 

-5- 
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III.    FOWLER THEORY 

9«      If the Initial minimum yaw is zero, and if the 
damping factors are proportional to the velocity. Fowler's 
formulas (4.04I) and (4.042) for the analytical maximum and 
minimum yaws may be expressed: 

« * «ofcv'p)172 exp(- ^sHx)cosh (f x>' <7) 

ß = -a0(p0/p)1/2 exp(- ^f^ x)  sinh (f x), (8) 

where 

p = (1 - l/s)1/2 .« (9) 

r s   t-ZfiJ-Zl   , (10) 

a       is the maximum yaw, 

the minimum yaw, 

s the stability factor, 

f the yawing moment damping factor,* 

K the cross wind force damping factor* 

Y the Magnus moment damping factor,* 

v the velocity, 

x the range (along the trajectory), 

and the subscript 0 pertains to x = 0. 

* Major T. E. Sterne' has called attention to the fact that these so-called 
damping factors are misnamed: the real damping factors are 

exp(- Sr-^+'T- x)» ex^- ^^ * 'S*)' 

which are multipliers of the processional and nntaUonal, amplitudes 
respectively. ., , > 
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10, From (7) and (8), we obtain 

«a -ß2 =«* Cpft/P) exp (~L±JLX), o ^^o' (11) 

ß /a = - tanh (| x). (12) 

Therefore, if we know the maximum yaw a, at a range x, and 

the maximum and minimum yaws otp and Iß« at a range Xp, we 
can calculate the damping factors by means of the formulas: 

-I * i v' " x^ tanh 
-1 

ß2/a2 (13) 

= a, tanh r v xl (U) 

f - x + 2Y - 2pr, (15) 

f + x - log. gl^l - tj) 
P2(«2^2) 

(16) 

The sign of r is positive or negative, according to whether 
the type of motion is stepj:ed-down or stepped-up, providing 
the initial minimum yaw is zero. In the stepped-down motion, 
the orientation decreases in the vicinity of the minimum 
yaw, or increases at a reduced rate; in the stepped-up motion, 
it increases at a higher rate than the average precession. 
These combinations of the daaping factors are sufficient to 
determine the damping. However, the individual damping 
factors may be found if the cross wind force coefficient has 
been determined froa the drift, so that K may be computed by 
formula (5). 

11. If the minimum yaw is zero at all ranges, as the 
observations have indicated, formula (14.) indicates that 
r is zero. Then, by (15)» 

Y = - i-fJL  • (17) 

12. 'j-'he yawing moment coefficient KH is related to f, by 
the formula , 

KH = fB/pd
4v, (18) 

and the Magnus moment coefficient Kj is related to Y by the 
formula 

,/ 
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Kj = YA/pd4v. (19) 

Formula (5) may be written 

KL = xm/pd2v. (20) 

Therefore^ according to (17), when the minimum yaw ts zero. 

K.,  Kj 

md8' 
Kj—^-A). (21) 

IV.  BALL Ml BULLETS 

13. The inclosed drawings show the outlines of the 
projectiles considered in this report. Table I gives the 
masses prescribed by the official drawings of the bullets 
and the mean riuss, dist£Jice from base to center of gravity, 
and principal moments of inertia of a few sample bullets. 

14. The yawing moment damping factor cf the ball Ml 
bullets, calibers 0.30 and 0.50, were determined by the method 
derived from the Moulton-Guion theory. Table II gives the 
data that were observed in the stability firings of the 
caliber 0.30 bullets; Table III contains similar data for 
the caliber 0.50 bullets. Table IVa gives average values of 
the observed rate of precession, period of yaw, maximum yaw, 
and variation of maximum yaw per period, obtained from the 
data given in Tables II and III, and the mean cross wind 
force coefficients that were determined from drift firings. 
Table IVb gives the ratio of the moment factor y.  to the trans- 
verse moment of inertia B, the two damping factors f and K, and 
the yawing moment coefficient. The moment factors were computed 
from the moment coefficients, which were determined from the 
stability factors: the moment coefficient of the caliber 0.30 
bullet decreased considerably as the velocity increased; but 
that of the caliber 0.50 bullet did not vary much and the 
average value, 1.24, was used. Ihe air density given in 
these and other tables is the ratio of the density to the 
Ordnance Department's standard of 525.9 gr/ft3 (0.07513 lb/ft3). 

15. The results are not at all accurate on account of 
the dispersion in the numerous factors involved in the 
formula for f. Greater accuracy would have been obtained if 
the damping had been observed over a longer distance, with 
fewer yaw screens betv/een the observed maximum yaws. Such 
a procedure was followed with other bullets, but the additional 
work of determining mere accurate damping factors for the 
ball Ml bullets was not warranted because they were being 
replaced by the ball M2 bullets. 

i 



16..  Although the yawing moment coefficient seems to 
vary with velocity, this variation is not si^nificejit. xhe 
weighted stean Vöiues are 3.6 ♦ 1.5 for the caliber 0.30 ball 
Ml and 6.0 + 5.5 for the caLiBer 0.50 b*ll Mi. both oi tnt-se 
bullets h-ye u 9° boat-töil and both have an o£;ival he^d, one 
with a radius of 7 calibers and the other with a radius of 
9 calibers. 

17. ihe average cross ftind force coefficients of the 
calibers 0.30 «nd 0.50 ball Ml bullets are 0.77 cJid 0.63 
respectively, ihe Magnus jnoaent coefficients required to 
maintain u.  zero minimum yä»y are - 0.15 and -O.^o respectively, 

V. CALIBER 0.50 A.P. a2  BULLET 

18. In connection with ti o stability firing of the 
caliber 0.50 ü.P. Ak  bullet, lor the sparse distribution, the 
yaw screens were placed at 2.5-foot intervulü from 7.5 to 
22.5 feet ^n^ from o0 to 95 feet from the muzzle; lo deter- 
mine the caflsping, some addiuional screens .verc placed at 
5-foot intervals froji 2a0 to 300 feet l' 'um the zaxzzle.    Ihe 
maximum yaw thai, occurred bet.;feon 60  and 95 feet cjid the one 
between 2ö0 ana 300 feet were used in computing the damping 
factors by Fowler's formulas. 

19. lable V fcives the experL'nental cata. Observations 
indicated that the minlmum ya« WöS ze O  >.t ail ranges, iable vl 
gives the average values of the maxiiiium yaw and their approxi- 
mate distances from the muzzle, it dso gives tne muzsie 
vexocity uiia air acnsity ratio obt^ineu in the stability 
firings, the cross »ina xorce coefficient aeter;j:ined from the 
drift firings, the damping fucLors f ^nd x corresponding to the 
given velocity and air density, and the resulting yawing moment 
and Magnus moment coefficients, ihe mean cross winu force 
coefficient is 0.83; the yawing moment coefficient, 3.2; and 
the Magnus moment coefficient, -0.10. ihe effect oi tne yaw 
screens on the dampint; of tnis bullet was calculi.ted, but the 
decrease in damping did not appear to be significant. 

vi CALIBER 0.30 BHLL MS BUiiKt 

20. 'ihe yaws of the caliber 0.30 ball M2 bullet fired 
for stability were too small to determine the damping accurate- 
ly. I'herefore, ten bullets were fired from u barrel that was 
cut away naif way around for 3/3 inch instead of 1/4. inch. 
Yaw screens ¥»ere placed at 2-foot intervals from 6  to lo feet 
and from 192 to 200 feet from the muzzle. The maximum yaws 
and their distances from the muzzle are given in iable VII, 
The minimum yaw appeared to be zero. 

-9- 
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21. "ihe maximum yaw decreased from about 10° at 12 feet 
to about 5° at 195 leet. ihe averages and results are 
given in iuble VIII. ihe cross wind lorce coefricieat deter- 
minea Irom driit firings is 0.98. The yawing moment coef- 
ficient is 2.0, «nd the Magnus moment coefficient is -0.09. 

VII. CALIBER 0.30 XRiiCüR m BULLiiT 

22. In the stability firings of the caxiber 0.30 tracer 
Ml bullet, ior the sparse distribution anu uamping observation, 
yaw screens were placed at 2.5-foot intervals irom 5 to 15 
feet, from 57.5 to 50 feet, «nd from 285 to 300 feet from the 
muzzle. However, tne flight was so erratic, on account of 
tue large yaws attained by the bullets when fired from tne 
l/4-inch notcnea barrel, that only one bullet went through 
the last group of screens, inerefore, five additional rounds 
were fired, *itn tne thira group of screens from 85 to 100 
feec from the miuzle: these bullets went through all the 
screens. Ihe maximum yaws and tneir distances from the 
muzzle are given in lable IX. The mimimum yaw was apparently 
zero. 

23. The results are given in Table X.  Ihe damping 
factors were calculated ior muzzle  velocity oi' 2741 ft/sec, 
which corresponds to the standard instrumental vexocity of 
2700 ft/sec at 78 feet, ulLnou^n tne instrumental velocities 
obtained on .lay 3rd and 9th respectively were 2528 ana 25J.8 
ft/sec. At the time or the drift firings with Mann barrels, 
instrumentctl veiocities of 2b93 ana 2666 ft/sec were obtained, 
ihe cross wind force coeificient is 1.07; tne yawing moment 
coeificient is 5.4; ana tne Magnus moment coefiicient is -0.22. 

VIII. 37H.M H.E. SHELL M54 

24. ihe standard mass of tne 37V-M  H.E. Shell M54 witn 
the P.D. Euze M56 is 1.34 ib. lable XI gives tne average 
pnyi-ical data ior two of these projectiles without the 
uetonator, v/hich weigns 10 grains (0.0014 lb.) 

25. ihis nigh explosive shell was fired from an 
Automatic Gun Ml.-i2 (antiaircraft) fitted with a muzzle adapter 
to increase txie yaw. A powder charge was establisned to give 
a muzzle velocity of 2ü00 ft/sec, which is tne standard for 
the Automatic Gun i44 (aircraft), ihe twist of ruling of 
the antiaircraft gun is one turn in 30 calibers; that of the 
aircraft gun is one turn in 25 calibers. 

26. Yaw  screens were placed at 5-foot intervals from 
35 to 75 feet ana from 4'''5 to 515 i" et from the muzzle 
(some changes were maae for the last five rounus). on some 
rounds, double screens were used: one screen was fastened 
to the front of the frame, ^nd tne other to the back of it, 
so that they were about 3-1/2 inches apart. To determine the 
squares of tne maximum and minimum yaws, tne square of the 
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yaw was plotted against the distance: soae of these curves 
are Inclosed. The circles indicate the observed values. 
It is quite evident that the damping was positive and that 
the minimum yaw was zero at all ranges, iable XII gives 
the squares of the naximum yaw and their distances from the 
muzzle. 

27.  The values of f + x , determined from these data, 
are given in Table XIII. The average for eight rounds, fired 
through single screens, reduced to normal air density, is 
6,90 per second. For three rounds fired through double 
screens, the mean is greater; but this increase does not 
appear to be significant. Ihe croaz-  wind force coefficient, 
determined from drift firings, is 0.93. Hence, the cross 
wind force damping factor, r. ,  at normal air density and 
2000 ft/sec, is 1.62 per second; and the yzning moment damping 
factor, f, under the same conditions, is 5.28 ;er second. 
Consequently, the yawing moment coefficient is 3.16 and the 
Magnus moment coefficient is -0.19- 

IX. CONCLUSION 

28.  By observing the yaws of certain small aivs bullets 
and the 37nim K.E. Shell M5/i^ it '.vas found that their majciaum 
yaw decreased and their minimum yavt v.as very close to zero. 
Damping factors -.vere calculated Trom the experimental data. 
The aerodynamic coefficients determined fro/a these results, 
together with those of stability anrt drift firings, are 
tabulated in Table XIV. 

tf.Aiifdts-ti 
H. P. Hitchcock 
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TABLE X 

PHXSICAI. C03STAMTS 

Bullet 

Ball HI 
Ball H2 
A.P. K2 
Tracer Ml 

Ball XI 
Ball M2 
IA.P. M2 
{Tracer Ml 

Max. 

174.5 
{ 152.0 

166.0 
152.5 

•753 
• 711.5 
i 718 
!681 

Mass 
^aias^ 
Toler- 
ance 

-3.0 
-3.0 
-5.0 
-3.5 

-18 
-18 
-17 
-13 

Mean 

172 
151 
167 
149 

I Base to ' Moments of Inertia 
:.._ gr.ln2 

Axial   Transverse 
C.G. 
cal. 

1.827 
1.455 
1.980 
2.097 

1.751 
1.332 
1.855 
1.777 

741 ! 2.043 I 21.45 

709 
674 

1.922 
2.269 

19.71 
20.94 

16.40 
12.13 
20.15 
18.57 

244.9 

217.1 
246.5 

-23- 
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TABLE V 

STABILm FIRING DATA 

Bullet, Cal. 0.50, A.P. M2 

Round 

«0. 

Time 
1940 
July 

Air 
Density 
ratio 

Max. 7a« 
dee 

Muzzle to Hin. Yaw 
ft. 

5th  Last 5th    Last 
r' — . 

; 13 
! 15 

17 

101555 
111505 
1U531 
111605 

.961 

.953 

.954 

.955 

8.2   4.8 
12.4   7.5 
14.0   9.6 
11.3   7.5 

95.5    291 
94.2    292 
91.2    302 
94.7    290 

.27- 
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TABLE VI 

DANPXäÜ FACIORS 

Bullet, Cal. 0.5Q, A.P. H2 

Muzzle Velocity V 
Mean P.E. 

3112 ft/sec 

Air Density ratio P/P© 0.956 - 

Cross wind force coef. KL 0,83 O.U 

Cross wind force camping factor X 3.2 /see 0.4 

MaximuBi yaw: 
5th 
Last 

11.5° 
7.4* 

0.8 
0*7 

Muzzle to Max. Yaw: 
5tb 
Last 

0 

85  ft 
285   ft 

' 'U 

Yawing Moment 
damping i?actor 

Yawing Moment Coef. 
f 9.4 /sec 

3.2 
3.r 
i.i 

Magnus Moment Coef. * XJ -0.10 

-28- 
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TABLE XII 

MAXEflW YAWS 

Bullet, C*a. 0.30, ball H2 

B.H.G. Mo. ^-27,733 Barrel No. 218 

Sstlaiated Xastrunental Velocity 2740 ft/sec 

Hound ilme Hax. Yaw Muzzle 
... .. ....., 

to     1 
1941 deg. Max. Yaw      1 

Ho. 9/4 ft. 

1 1:00 4.00 .28 12.00 196.00 
2 9.81 3.00 11.60 194.00 
3 11.00 7.06 11.75 194.05 
4 9.01 3.00 11.90 192.20 

10.50 4-39 12.00 193.80 

6 10.65 5.00 11.70 196.20  i 
7 12.05 c.lO 12.00 193.90 
8 12.73 6.16 12.00 196.33 
9 10.56 6.10 11.60 195.90 

10 1:50 11.30 5.50 11.90 196.00 

Ave. P.M. 10.17 /,.66 11.34 194.34 

P.B. .51 •44 .04 .30 

X" 

> 
ÜMtaiaMMiiMI 
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TÄßLi, VIII 

DAMPING J^CIORS 
Bullet, Cai. 0.30, ball M2 

Muzzle Velocity '  vo 

|  Mean 1 P.E. 

2790 ft/sec 

density rttio P/P0 0.984 

Cross Wind Force Coef. K o.9a 1  0.090 

Cross WinU Force 
Damping Factor 

i ; 
X 5.7 /sec 0.5   j 

1   Maximum Yaws 
!            2nd 

Last 
10,17° 
4.06° 

0.51 | 
0.44 

1   Li stance to rfax. Yaw: 
2nd 

i            Last . 

• : • - ■ - ■ .  r ■ 

'11,$    ft • . 
194.Ö  ft 

. . :0.04  ' 
0.3O  | 

|   Yawing Moment Damping 
j            Factor 

f 17.3 /ft 2.1  | 

|   Yawing Moment Coef. 
K" 

2.0 0.5 * | 

Magnus Moment Coef. ^1 -0.09       |        1 
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TABLE IX 

rtAXIMUM YAWS 

Bullet, Cfal. 0*30, Tracer Ml 

Hound Tiae Maximum Yaw Muzzle tc Max. Yaw 
No. 1941 

May deg. ft. 

28 040045 11.2 2.0 - 5s/ 291 - 

171 092243 11.9 10.9 9.9 6 42 90 
172 092256 13.6 11.8 8.5 5 39 96 
173 092310 17.2 13.7 10.2 6 38 94 
174 092320 12.2 11.3 5.5 6 42 90 
17S 092331 14.5 12.4 8.2 6 39 95 

171 to Mean 13.9 12.0 8.5 5.8 40.0 93.0 
175 P.E. 0.5 0.4 0.5 0.1 0.1 0.9 
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•XABLt X 

DAMPING FACtORE 

bullet, Cal. 0.30, Tracer Ml 

Maximum yaw 

Distance to max. yaw 

Air density 

£um of ftaraping factors 
(At normal uensity) 

Muzzle velocity 

Cross wind force coef. 

Cross wind force 
damping lector 
(At normal density) 

aeg. 

ratio 

/sec 

ft/sec 

Yawing moment 
damping factor 

Yawinc moment coef. 

Magnus moment coef. 

/sec 

Xn 

x2 

p/p. 

f + x 

11.2 

2.0 

50 

291 

1.051 

38.8 
37,0 

15.9 

12.0 

5.8 

40.0 

0.996 

23.2 
23.3 

/sec 

K, 

12.0 

8.6 

40.0 

93.0 

0.996 

34*0 
34.1 

Ave, 

31,5 

2741 

1.07 

b.8 

24.7 

5.4 

-0.22 
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TABLJE XI 

PHYSICAL DATA 

37inm fl.K. Shell M54 

P.D. Fuze M56 

Length 

Diameter 

Mass 

C.G. to base 

CG. to base 

5.828 in. 

1.502 in. 

1.328 lb. 

2.238 in. 

1.536 cal. 

Moments o£  Inertia 
Axial 0.480 lb.in2 

Transverse     2,814. lb.in2 

-33- 



TABLE XII 

DAMPING FACTOR FIRING DATA 

37iniB H.E. Shell M54 with Inert Fuze M56 

37mm Tube M1A2, No. 1280, with Muzzle iidapter 

Round Time Distance to Square of Density 
No. 1943 Maximum Yaw Maximum Yaw Ratio 

Ft, De*, 2 

Feb. ^1     x2 «1 «I P/P0 

1 181145 Missed screens bfeyond 490 ft. 1.120 
2 181257 62    510 460 100 1.112 
3 181340 62    484 780 130 1.107 
4 181355 Hit frame at 480 ft. 1.105 
5 131405 Hit frame at 475 ft. 1.104 
6 181435 65    480 390 60 1.102 
7 181450 61    491 710 140 1.101 
8 181510 72    511 120 25 1.100 
9 181520 ! 64    475 400 80 1.099 

10 181525 65    515 440 50 1.098 
11 131535 ?     480 ? 7 1.097 
12 18X550 i ?      ? 0 • ? 1.096 
13 181600 . 67    486 360 70 1.095 
14 | 191430 1 67    514 370 30 1.031 
15 ' 191450 { 72     ? j 290 ? 1.031 
16 191510 j 66    498 610 105 1.030 
17 i 191525 i 72     ? 295 • 1.030   i 
18 1 191535 i 70      ? 280 9 • 1.030   | 
19 1 191600 j 67    496 

i , —— 

510 . 105 1.030 
   i 

All minimum yaws were apparently 0. 

Rounds 1 to 13 tfere fired through single yaw screens. 

Rounds 14 to 19 were fired through double yaw screens. 
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TABLE XIII 

DAMPING FACTORS 

37mDi H.E. Shell M54 with Inert Fuze M56 

37iDm Tube H1A2> No. 1280« with Muzzle Adapter 

Round No. f + K r = 
Observed   At Normal 

Air Density 
f - y. +2 v 

2p 
/sec     /sec /sec 

2 6.37      5.73 0 
3 8.00      7.23 0 
6 8.59      7.79 0 
7 7.12      6.46 0 
8 6.72      6.11 0 
9 7.40      6.74 0 

10 9.24      8.42 0 
13 7.39      6.75 0 

it 10.88     10.56 0 
7.79      7.57 0 

19 7.01      6.80 

Mean P.E. of 
Mean 

0 

2-13 6.90 .21 0 
U - 19 8.31 .77 0 
Diff. 1.41 .80 

2000 ft/sec. 

0 

Estimated muzzle velocity = v = 
Standard stability factor = s = 1.62 
Ballistic coefficient   = C.= 0.69 

-35- 



^ 

I   V« 

> 
< 

SO« 
•H 4) 

j 4S O 

I 
^ 

•H 
O 

0) o u 
o 
•H 
S! 

c; 
>» 
•j 
o 
u 

! «A 01 

i o M 
i L> o 

>0   v0    O   CV    --t   C«! 

■V    «*%   vO    C«^    IT»    <<\ 

to r«- f*\ <«> s>  ■» 
o > ^o  u>  o  > • ••••• 
O O   O   O   H    O 

&'-i • in   o 
-t   f-    tn   0^ 
*M    !>   !>    10 

; t? -^ «   i • • f 9 • # 
i oo O H H O O H 
; ^ 

1 s 
! -,-, Ü 
1   -r» <B o O O o o O 
i   o IQ -4- O o o o O 

o ^ t^ *> •» c> o o 
H +> v\ CM tv vV .\ .-v 
0) *A 
> 

i 

• 
Ö ^J- 
o IV H H vV i »TV 
X ■«7* X ts; X s: 

0) 
• 

o o o o o § 
H ij tn r^v m «Tv la c*- 
•H 'J • • • • • c«-\ 
-»-> 
O 
(U 
■r^ 
O u 
U (V 

Pu 'd H H H • Ü « 
C5 H rH -H a< 1 J3 
•H (1 ,j ij • h • 
^ ^ a q A H .-u 


