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DAMPING OF CALIBERS G.20 and 0.50 BULLETS AND 27M¥ H.E. SHELL

Abstract

,\’i

“The darmping fectors of the caliber 0,30 bullets, bzll i1 and M2
and tracer Mlj caliber 0,50 buliots, bull M1 and A,P. MR; &and 37mm
H.E. Shell M54 with P.D, Fuze M56 have been determined experimertelly.
The corresponding zerodynumic coefficients are tabulated.

~

ILLUSTRATIONS

1 Brilet, cal. 0.30, ball M1 |

2 Bullet, cal. 0.50, ball M1

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 454, with Fuze, P.D., M56
7-13 Curves of Yaw Squared vs Distance, for 37mm Shell M54.
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TABLES
1 Physical Constants
II Stability firing data: Bullet, caliber 0.30 ball M1
JI1 Stability firing data: Bullet, caliber 0.50 ball ML
Iv Damping data: Bullets, cal. 0.30 and 0.50, ball M1
\} Stability firing data: Bbullel, cal. 0.50, A.P. M2
VI Damping factors: Bullet, cal. 0.50, A.P. M2
VII Maximum yaws: Bullet, cal. .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 dafa: 37mm H.E. Shell M54
XIII Damping factors: 37mm H,E. Shell M54
XIV . Aerodynamic coefficients
PR:ZFACE TO FIRET REVICSION

In this revision, tne values of the cross wind force
coefiicient were reculculzted, using the last term in equation
(18) on page 55 of BKL Report Ho. 27¢, "ferodynumics oi Small

Arms Bullets", revised October 1944. Including tnis term and
the spin factor, equation (<2) of the same report becomes:

CL

dz! _ o 1 Bp 21, ; | .
=G - EQK ) dx, (22)
(o] .
KL is the cross wind force coefficient, KM the moment coefficient,
the drift coefficient, z' the time derivative of the linear drift,
x the horizontal runge, v the velocity of the projectile, w the
spin, @y the initial spin, B the drag coefficient, C the
ballistic coefficient, and p the air density ratio.

The vulues of the cross wind force damping factor, the
yawing moment damping Tactor, tne yawing moment coefficient, and
the Magnus moment coeliicient have been changed to agree with
the revised vulues of the cross wind force coefficient. The sum
of the cross wind force and yawing moment damping facto.s
has not been changed. -2- et b et et




AT LR I

‘ S aiRN A

I. INTRODUCTION

1. Since bullets and shells fired from an airplane
attain large yaws, it is necessary to deternmire their rate of
damping in order to calculate their trajectories accurately.
It 1s therefore proposed to collect the best available data
cn this subject, and to summarize the results. The princirpal
sources of the experimental data are two Ballistic Research
Laboratory reports: No. 27€, "Aerodynamics of Small Arms
Bullets", and Ne. 354, "Aerodynamics of 37mm H.E. Shell M54."
Much of the explanation and most of the tables are tzken
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: cince this had been believed to be unlikely, in view
of Fowler's observations*, its effect had previously been
considered negligible.

II. MOULTON- GUION THEORY

3. The yawing moment damping factor of some of the
bullets was computed b¥ a method derived from Guion's extension
of Moulton's formulss. These are applicable to larger yaws
than Fowler!'s?, 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

T = L/vys ©/2 = @'V,
where

T is the period of yaw (in seconds),

L the linear period (in feet),
v the muzzle velocity (in ft/sec),
£ /2 the rate of precession (in radians/sec),

¢! 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 precession; but the rate of change of orientation at the
ime of a small maximum yaw:

Q/2 = KK/2B,
where
A 1s the axial moment of inertia,

B the transverse moment of inertia,

N the spin.

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

{30 +w) (oo, s v
D 6§ - e — ——"
| Zeln, o) (T v w, ¢'L-m) g J

“3
I

»Q'VOB
'*m)(pL(l—wl){f ~ fa sina
J

" 201y B | Q)

*(zrmq) 9L - W)

B(1 + w,) [8s'v T2 o ;
- = e, 9L - w) - 2
2p(wg-wy)) [7 772 |
where

W, = cosd, (2)
Wy =25 - 1, - (3),
o= pdaszM, (4)
x = pdszL/m, (5)
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a is the average maximum yaw (radians),

Da the variation in maximm yaw during one
coaplete period,

3

cross wind force damping factor,

stability factor,

g

the p« ment factor,
the alr density,
the caliber,

the velocity,

mass of the projectile,

rl<ﬂ-v‘=
E

the moment coefficiert,

KL 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 eof
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 4 sharp impression on the
colored emulsified face of the paper and the ragged edges were
white, In order to induce yaw the muzzle was deformed:a 180°¢
notch ~as cut in the machine gun barrels; an adapter with a
similar notch was screwed to the 37mm tube.

7. The stability factor is defined by the formula
s = A®N?//Bu (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.

8. The cross wind force coefficient is determined from
the observed drift. 1In order to eliminate the effects of wind
and aiming errors, the drift is measured by firing two barrels,
one with right hand rifling and one with left hand rifling,
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 which the
drift is proportional.

ooty
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III. FOWLER THREORY

9. If the iritial minimum yaw is zero, and if the
damping factors are proportionzl to the velocity, Fowler's
formulas (4.041) and (4.042) for the analytical maximum and
minimum yaws may be expressed:

£ + r -
@ =ay(py/p)/? exp(- 512 x) cosh E x), ()
f +
B = -ag(py/p) /2 exp(- L2 x) san & x), @)
where
p=(-1/s)1/? 9)
. I - x+2y
o is the maximum yaw,
‘al the minimum yaw,
-8 the stability factor,
f the yawing moment damping factor,#
% the cross wind force damping factor*
Y " the Magnus moment damping factor,s
\/ the velocity,
x the range (along the trajectory),

and the subscript 5 pertains to x = O.

* Hajor T. E. Sterne3 has called attention to the fact that *hese so-called
damping factors are misnamed: the resl damping factors are
+ r
oxp(- Sttx+i %), omp(- Lt x - 5 %),

which are multipliers of the ﬁrecessional and mtational’ anplitudes
respectively. 9 o
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10. From (7) and (8), we obtain

«® - B* = a2 (py/p) exp (- L322 x), (11)

B/a = - tamh (T x). (12)
Therefore, if we know the maximum yaw %y at a range Xy and
the maximum and minimum yaws @, and tazl at a range X,y We
can calculate the damping factors by means of the formulas:

B -kt e .
|Bl\ = o tanh %-XJ ’ (14)
£f -y + 21 = 2pr, (15)
2 2
Py (@3 - £7)
f+x=z Y X log, 11 12 . (16)
2 Pp( 4y - £2)

The sign of r is positive or negative, according to whether
the type of motion is stepred-down or stewped-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 damping factors are sulficient to
determine the damping. However, the individual damping
factors may be found if the cross wind force coefficient has
been determined fron the drift, so that x may be computed by
formula (5).
11. If the minimum yaw is zero at all ranges, as the
observations have indicated, formula (14) iadicates that
r is zero. Then, by (15),

Y=-£-:2-~)£‘ (17)

12. ‘he yawing moment coefficient Ky is related to f; by
the formula 4
Ky = £B/pd"v, (18)

and the Magnus moment coefficient KJ is related to y by the
formula
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Ky = yA/pdtv. (19)

Formula (5) may be written

K = xm/pd3v. (20)

Therefore, according to (17), when the minimum yaw is zero,

X K
A, H L
K =--(.:.__...). (21)
J 2]3 mdz

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 tne buliets
and the mean m.ss, distance from base toc center of gravity,
and principal moments of inertia of a few sample bullets.

14. The yawing moment damping factor cof 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, obtzined 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 tie moment factor p to the trans-
verse moment of inertia B, the two damping factors f and », and
the yawing momen? 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. 7The air density given in
these and other tables is the ratio of the density to the
Ordnance Department's standard of 525.9 gr/ft® (0.07513 1lb/ft2).

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 ionger distance, with
fewer yaw screens between the observed maximum yaws. Such
a procedure was followed with other bullets, but the additional
work of determining mcre accurate damping factors for the
ball Ml bullets was not warranted because they were being
replaced by the ball M2 bullets.
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16.  althouph the yawing moment ccefficient seems to
vary with velocity, this variuiion is not significwent. .ihe
welghted meun vulues wre 2.0 + 1.5 for the culiber 0.20 ball
Ml ang 6.0 + 5.5 tor the ccliber 0.50 bull Mi. boln ol tnese
buliets ruve a 9° bout-tail znd both nzve wun ogival he«d, one
with & radius of 7 calibers and tite othner witn & radius of
9 calibers.,

17. 7ihe averuge cross winé force coeificients of the
Ccalibers 9.30 wund 0.50 bull ¥1 bullets are 0.77 cnd 0.63
respectiveiy. idhe naugnus umoment coeiricicnts reguired to
maintain o zero minimum yaw are - 0.15 angéd -0.23 respeciively.

V. CALIBER 0.50 A.P. sz BULLBT

18. In connection with tr~ :tability firing of the
culiber 0.50 a.P. idc bullet, i1or tne sparse distribution, the
yaw screeans were pliuced at <.5-Toot intervadls irom 7.5 Lo
22.5 feet wn. irom o0 Lo 95 leet irom the muzzle; Lo deter-
mine the cumping, some adciilional screens vwerce placeu ut
5~foot intervais irom 230 to 300 feetl {-uvam the auzzie. 3Ihe
mMeXximiue yow tilal oceurred betoeen 63 and 95 ieet «nd the one
between 450 wna 200 feet were usea in computing the danmping
factors by Fowlerfs forouias,.

19. iuble ¥V glves the experimentel catu. Observations
irnoicatea tnut tne minimur yaw wae ze o w1 @il rengec. 1cbvie vVl
gives tne averwpe veiues of the meximum yaw cnu their wpproxi-
mate Gistunces 1vom tne muzzie. 1t wisS0 gives thne nuziie
VesroCily ofu &iF wenkliity rotio obtceineu in the stubility
firings, tne cross wina iorce coefiicient deternined irecm the
drift rirings, tne cwaping sdwactors 1 wanag x correchvonding Lo the
given veloecity wna wir dencity, w«nd the resulting yawing moment
wand Megnus moment coerficients. ihe mean cross wind force
coeiticient ic 0.83; tne yewing moment coelfficlent, >.2; «nd
the Magnus moment coefficient, -0.10. 7dhe eifect oi tne yuw
screens on tne dwmping of tnis bulliet was calcuiited, but the
decrease in damping did not appear to ve significant.

VI  CiLiIBER 0.30 BaLL #2 BULLLT

20. ‘the yaws of tne cealiber 0.20 bull M< bullet fired
for stablilty were too smull to determine the damping accurate-
ly. %therefore, ten bullets were fired {rom a barrel ilist was
cut away nelfl way around for 3/8 incn instead of 1/4 inch.
Yaw screens vere pluced &t x-ifoot intervuls from 3 to 1t reet
and from 192 to 200 feet from the muzzle. The muximum yaws
and tneir distances from the muzzle wre given in jable VII.
‘The minimun yzw uppeuared to be zero.

e s e . S AT e
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21. 4he maximum yaw decreased from zbout 10° at 1z feet
to about 5° ut 195 teet. <ithe uver.ges and results are
given in iuble VIII. 1ine cross wind force coefricient deter-
minea from drii't iirings is 0.98. JThe yawing moment coer-
1icient is 2.0, and thne dagnus moment coefricient is -0.09.

VII. CALIBER 0.30 ThiCrk M1 BULLET

22. In the stability firings of the caiiber 0.20 tracer
M1l bullet, ior the spurse aistribution wnd uwaping observation,
yew screens were pizced at 2.5-foot intervals from 5 to 15
ieet, from 37.5 to 50 feet, «nd from <85 to 300 feet from the
muzzle. However, tne slight was so erratic, on account of
the lurge yaws awitained by the buliiets wnen fired from Lne
1/4~inch notcnea barrel, that oniy one buliet went tnrough
the last group oi screens. Jlnereiore, iive additional rounds
were iired, witan the thira group of screens {roam 85 to 100
feec¢ I'ron Lne muzzle: tnese bullets went tnrougn wll the
screens. ‘ihe moximum yaws and tneir uistances from the
muzzle are given in ‘iable IX. The mimimum yaw was apparently
zero.

23. 1The resulis are given in Table X. The cumping
factors were calculated 1or muzzle velocity of 2741 It/sec,
which corresponds Lo ine standara instrumentai veaocity of
2700 ft/sec wt 73 ieet, witnougn tne instrumentul velocities
obtained on day 3ra waa 9in respectively were 2528 ana <518
it/sec. At tne time ol tne drirt firings witn Mann barrels,
instrument.l velocities or 2693 wha 2006 {t/sec viere obtained.
ihe cross wing i'orce coefrvicient is 1.07; ine yawing monent
coeificient is 5.4; wna tue sagnus moment coeftricient is -0.z2.

VIII. 374M H.E. SHELL M54

24. The stundurd mass of tne 37mm H.r. Snell M54 witn
the P.D. ruze 456 is 1.34 1b. ‘iable Al gives ine averuage
payczical data Ior two of tnese projectiies without the
aetonutor, whicn weigns 10 graing (0.00i4 1b.)

<5. inis nigh explocive sheltl was fired {rom an
Automatic Gun Ml:2 (wntiaircrwaiv) fitted witn u muzzle adupter
to increase ilue yaw. 4 powder cnarge was estublicned to give
& muzzle velocity ol 2000 rt/sec, wnicn is tne standard for
the iutometic Gun 4 (eircrart). ‘he twist of rirling of
the antiaircrar't gun ic one turn in 30 culibers; that of' tine
aircraft gun is one turn in 25 calibers.

26, Yaw screens were placea at 5-foot intervuls from
35 to 75 feet wna 1rom 475 to 515 i et from the muzzle
(some changes were mzde for the last five rouncs). (n some
rounus, aouble screens were used: one sereen was fastenea
to the iront of the frame, <nd tne other to the back of it,
so that they were wbout 3-1/2 inches upart. 7To determine the
squares oi tne maximum wnd minimum yaws, tne square of the

-10-




yaw was plotted against the distance: some of these curves
are inclosed. The circles indicate the observed values.

It is quite evident that the dumping was positive and that
the minimum yaw was zero at all ranges. ‘rable XII gives
the squares of the maximum yaw and their distances from the
muzzle.

27. The values of f + , , determined from these dzta,
are given in Table XIII. The averzge for eight rounds, fired
through single screens, reduced to normal cir density, is
6.90 per second. For three rounds fired through doublie
screens, the mean is greater; but this increase does not
appear to be significant. 4ihe cross wind force coefficient,
determined from drift firings, is 0.98. Hence, the cross
wind force damping factor, » , at normal air density znd
2000 it/sec, is 1.62 per second; and the yzving moment damping
factor, f, under the same conditions, is 5.28 _er second.
Consequently, the yawing noment cocificicni is 2,16 and the
Magnus moment coefficlent is -0.19.

IX. CONCLUSION

28. By observing the yaws of certain small arms bullets
and the 37mm H.E. Shell {54, it was found that their maximum
yaw decreased and their xinimun yaw was very close to zero.
Danping factors were calculated from the experi:ental cdata.
The aerodynamic coefficients deternmined from these results,
together vwith those of stability and drift firings, are

tabulated in Table XIV.
Vi
W7 Wi h g

H. P, Hitchcock
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o TABLE I
PHYSICAL CONSTANTS
‘Calibcr| Bullet! ~  Mass | Base to’ Homents of Inertia
;' |l gralss ! C.6. i ___gr.n®
Max. Joler- Mean: cal. - Axisl Transverse
..anece ! |
0.30 :Ball M1 :174.5 -3.0 172 ! 1.827 @ 1.751 16.40
n Ball M2 [152.0 -3.0 151 ' 1i.455 | 1.332 12.13
" A.P. K2 1166.0 -5.0 167 : 1.980 : 1.855 20.15
g Tracer Ml  152.5 -3.5 149 | 2.097 . 1.777 18.57
" 0.50 (Ball M@ ;753 -18 741 P 2.043 | 2145  244.9
" Ball M2 .711.5 -18 - 1 - . -
" A.P. M2 718  -17 709~ 1.922 © 19.71 217.1
. il‘racer Ml : 681 -13 67; . 2.269  20.94 246.5
|
|
r-\ ‘
-23-
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AT,

"TABLE VY
STABILITY FIRING DATA
Bullet, Cal. 0.50, A.P, M2
Time Alr Max. Yaw Muzzle to Min. Yaw
1940 Density _deg ft.
July ratio 5th Last 5th Last
101555 | .961 8.2 4.8 95.5 - 291
111505 | .953 12.4 7.5 94.2 292
111531 | .954 14.0 9.6 6l.2 202
111605 | .955 11.3 7.5 9%.7 290
2=

i A et
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TABLE VI
DAMPIHG FACIORS.

Bullet, Cal. 0.50, A.P. M2

Muzzle Velocity
Air Density ratio

Cross wind force coef.

Cross wind force dgméipg féctof )

Yo

P/p,

K

——

Ndan

3112 ft/scc i

o 956
u0,83

3.2 /see

Pg_Ei

,o.u
0.4

| Yawing Moment

Maximum ycw'-
5th
Last

Muzzle to Mux. Yaw:
5th
Last

vamping Fuctor
Yawing Moment Coef.

Magnus Moment Coef. = i. KJ

T.4°

85 ft
285 -t

3.2
-0.10

9.4 /sec .

: '6&8' .
=8 0.7

2
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TABLE VIX .u Y
_ _ MAXIMUM YAWS
Bullet, Czl. 0.30, ball M2
B.M.G. Ho. 227,733 Barrel Fo. 218
Zstimated I[astrumental Velochty 2740 ft/sec :
Round ilue daXx. You Huzzie to %
1941 deg. Max. Yaw _g
w HO. ’ 9/4 ft. ;
1 1:00| 4.00 .28 | 12.00 196.00
2 9.81 .2.00 ¥ 11.60 194.00
4 9.01 2.00 | 11.90 192.20
5 10.50. 4.39 | 12.00 193.80
6 13.65 5.00 | 11.70 196.20
7 12.05 ©.l iz,0C 193.99
9 10.506 6.10 | 11.60 195.90
10 1:20}13i.30 5.50 | 11.90 196.00
Ave, P.ids 1 10.17 4.66 | 11.34 19,.84
P-Eo 051 o[’-‘l'" 004 030
l R .




bBullet, val.

TabLE VIIL
DAMPING FuCLORS

«30, bail M2

Muzzle Velocity
vensity ratio
Cross Wina rorce Coef.

Cross #Winu rorce
Damping kuctlor
Maximum Yawe
2nd
Last
Uistance to Muax. Yavie
2nd
Last

Yawing Moment Damping
ractor

Yawing Moment Coel.

Magnus Moment Coef.

Lo

Kﬂ

Mean P.E.
2790 it/sec
0.984
0.938 0.090
5.7 /sec 0.5
10,17¢° 0.51
4.0C0 0. 44
g T Rk
23,8 1t 0.04
194.8 it 0.30
17.3 /1t 5 ol
‘ 2.0 0.5
g -0'09
i




TABLE IX
MAXIMUM YAWS
Bullet, Cal. 0.30, Tracer Ml

Round Time Maximum Yaw Muzzle t{c¢ Max. Yaw

¥o. 1941 :
May deg. ___ Tt

28 040045 11.2 2.0 - 50 291 -

m._.u_..m..-.ﬁ.-...,.---
|

171 ! 092243 | 11.9 10.9 9.9 6 42 90

172 | 692256 | 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
175 209233{!. 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 * i POE. 005 004 005 O.l 0-1 009
i
|
1
1
!

“31-
-

S




TabLle X
DadPIRG FALCTIORS
bullet, Cal. 0.20, iracer Ml

L o R

Maximum yaw deg. @ 11.2 13.9 i2.0
' “, 2.0 12.0 8.6
Dlstance to max. yaw Xy 50 5.5. 40.0
X, <291 40.0 93.0
Lir density ratio] p/p, | 1.651 0.996 0.996
Ave.
Sum of guamping factors /sec f+ x | 38.8 23,2 34.0 ?
(4t normal uensity) 37.6 23.3 3401  21.5
Muzzle velocity ft/sec A 27lf§
Cross wind force coefl. | K/ 1.07?
Cross wind force
damping Icctor
(it normal dGensity) /sec X 6.8
Yawing moment
damping fuctor /cec by 24.7
Yawing moment coef. : K - 5.4
' Magnus moment coef. KJ -0.22
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TABLE XI

PHYSICAL DATA

37mm H.X. Shell M54

P.Dl Fuze !"56

Length
Diameter
Mass

C.G. to base
C.G. to base
Moments of I

Axial
Transver

Lertia

se

~33-

5.828 in.
1.502 in.
1.328 1b.
2.238 in.
1.536 cal.

0.480 1b.in?
2,814 1b.in?

e et o e o & a4 5 st 408 i Bt e 5

Dl T o —




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

TABLE XII

DAMPING FACTOR FIRING DATA
37mm H.E. Shell M54 with Inert Fuze M56

Round | Time Distance to Square of Density
No. | 1943 Maximumn Yaw Maximum Yaw Ratlo
. Ft. . Deg.? -
Feb. Xy Xo « a3 p/po
1 ;181145 Missed screens bgyond 490 ft. 1.120
2 | 181257 62 510 460 100 1.112
3 1181240 62 484 780 130 1.107
4 1181355 Hit frame at 480! ft. 1.105
5 1181405 Hit frame at 475 ft. 1.104
6 181435 65 480 390 60 1.102
7 1181450 61 491 710 140 1.101
8 181510 72 511 120 25 1.100
9 .ilBlSZO YA 475 400 80 1.099
10 , 181525 65 515 440 50 1.098
11 | 181535 ? 480 ? 7 1.097
12 |18155O ? ? ? ? 1.096
13 | 181600 67 486 360 70 1.095
14 | 191430 67 514 370 30 1.031
15 ' 191450 T2 ? 290 ?. 1.031
16 191510 66 498 610 105 1.030
17 | 191525 P 72 ? 295 ? 1.030 !
18 | 191535 70 ? 280 ? 1.030
19 191600 67 496 510 . 105 1.030 ,
| i
All minimum yaws were apparently O.
Rounds 1 to 13 fiere fired through single yaw screens.

Rounds 14 to 19 were fired through double yaw screens.

Lo

s it et G reMA S




TABLE XIIX

DAMPING FACTORS

37am H.E. Shell M54 with Inert Fuze M56
37mm Tube M1A2, No. 1280, with Muzzle Adapter

Round No. L f + r =
Observed At Normal f -y +2+
Air Density 2p
[sec /sec /sec
R 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
1l 10.88 10.56 0
1l 7.79 7.57 0
19 7.01 6.80 0
iMean P.E. of
Yean
2 - 13 6.90 21 0
14 - 19 8-31 177 0
Diff. 1.41 .80 0
Estimated muzzle velocity = v = 2000 ft/sec.
Standard stability factor = s = 1.62
Ballistic coefficient = C5= 0.69
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