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OF LANDS 

Abst rac t  

Yaw and pressure  f i r i n g s  were c a r r i e d  out i n  a b a r r e l  
having reduced lands  and i n  a  s tzndard  Zr.zrrel. B u l l e t s  
f i r e d  from the  reduced he ight  of l ands  b a r r e i  were p r a c t i -  
c a l l y  smooth and t h e  yaw d a t a  i n u i c a t e d  i n s t a b i l i t y  i n  
f l i g h t .  Calcula t ions  show t h a t  t h e  reduced he ight  of lands  
should augment t n e  v e l o c i t y  by about 100 f /s  a t  a  v e l o c i t y  
of about 3000 f/s,  

In t roduc t ion  

I n  accordance with i n s t r u c t i o n s  given i n  a  l e t t e r  from 
t h e  Chief of Ordnance (0.0 472.54/6459) e i g h t  Cal iber  0.50 
machine gun b a r r e l s  having s tandard bore diameters but 
h e i g h t s  of l ands  varying from .001511 t o  .0050If were f i r e d  a t  
t h e  Proving Ground. Resul t s  of these  t e s t s  were given i n  
t h e  "88th and 99 th  P a r t i a l  Reports on Functioning and Mechanical 
Tes t s  of Machine Guns and Machine Gun A c c e s s o r i e ~ ~ ~ .  

A t  t h e  completion of t h e  f i r i n g s  descr ibed  i n  t h e  pre- 
v ious ly  mentioned r e p o r t s ,  Bar re l  C 7  ( land diameter = .5075) 
w a s  modified f o r  use a s  a  p iezo-e lec t r i c  gauge gun by t h e  
B a l l i s t i c  Research Laboratory. The fol lowing indorsement was 
s e n t  t o  the  Chief of Ordnance a f t e r  t h e  f i r i n g  of s e v e r a l  
rounds: 

00 472 54/6459 
APG 472.572898 

"1. I n  ca r ry ing  out  t h e  pressure  f i r i n g s  recommended i n  
par .  2b of t h e  3rd  Ind., i t  was noted t h a t  t h e  b u l l e t  had a 
l a r g e  yaw a s  i t  passed through the-second v e l o c i t y  screen  



; \  + placed a t  t he  end of the  r e sea rch  l abora to ry  f i r i n g  range, a 
L d i s t a n c e  of about for ty- four  f e e t  from t h e  muzzle, Since 
- .. t h i s  yaw might have been due t o  t h e  muzzle con tac t  of the  

v e l o c i t y  screens ,  s e v e r a l  a d d i t i o n a l  rounds were f i r e d  with- 
out  any o b s t a c l e s  along the  t r a j e c t o r y  o the r  than  a s i n g l e  
yaw card  a t  for ty- four  f e e t .  The r e s u l t s  a r e  given i n  t h e  
t a b l e  below: 

, . . . 

B a r r e l  B u l l e t  Yaw . . 

lands  - .5075) AP 341 400, 18O, 13O, 2 r d s .  lo 
lands  - .5075 B a l l  M 1  62O, 40° ,  13O, 2 r d s ,  7O 

Standard B a l l  M1 6 rds .  lo 

112. A s  repor ted  i n  t h e  '88th P a r t i a l  Report  on Function- 
ing and Mechanical Tes ts  of Nachine Guns and Machine Gun 
Accessor ies l ,  t h e  Small Arms Sec t ion  f i r e d  t e n  M 1  Ba l l  b u l l e t s  
from t h e  same b a r r e l  ( ~ 7 )  through yaw cards  placed a t  l o t ,  
121, and 141, supposedly t h e  region  of t h e  f i r s t  maximurn yaw. 
Only two rounds of the  t e n  f i r e d  had yaws a s  g r e a t  a s  6 " .  If 
t h e  f i r s t  maximum yaw were r e a l l y  a t  121, it should hsve been 
l a r g e r  than t he  yaw a t  441. I n  an at tempt  t o  expla in  t h i s  
apparent  incons is tency,  s i x  yaw cards were placed along t h e  
441 range and two rounds were f i r e d  through t h e  cards.  Photo- 
s t a t s  of the  yavi cards showing t n e  yaws and o r i e n t a t i o n s  of 
these  two rounds - a r e  a t t ached  herewith. The f i r s t  round had 

'! 
p r a c t i c a l l y  no yaw while t h e  second had a maximum of about 
2 8 O .  The yaw and o r i e n t a t i o n  angles  a r e  p l o t t e d  a s  a func t ion  
of t h e  range on P l o t  No, 1. The s lope  of the  or ienta t ion-range  
l i n e  ( q t )  i s  .053tt whereas the  t n e o r e t i c a l  value aer ived  from 
t h e  moments of i n e r t i a  and t w i s t  of r i f l i n g  i s  .069g; t ne  f i r s t  
maximua yaw occurs a t  about 3 0 ' .  It i s  evident ,  then, t h a t  t h e  
b u l l e t  i s  n o t  g e t t i n g  full s p i n  but i s  s l i p p i u g  i n  the  bore; 
the e f f e c t  of t h i s  s l ippage  i s  t o  reduce t h e  s t a b i l i t y  f a c t o r  
from 1.55 when f i r e d  from a s tandard b a r r e l  t o  1.07 i n  t h e  re- 
duced land b a r r e l .  

113. In view of these  r e s u l t s ,  permission i s  requested 
t o  cancel  t h a t  p a r t  of t h e  program r e l a t i n g  t o  t h e  t e s t  of 

' t h e  machine gun a t  high temperature ou t l ined  i n  pa r .  2g of 
t h e  3rd  Ind, There does no t  appear t o  be any reason f o r  
obta in ing  t h e  ysw a t  high temperatures when t h e  yaw is  so  
l a r g e  a t  room  temperature^.^^ 

I n  r e p l y  t o  t h i s ,  t h e  6th Ind , ,  t h e  p e r t i n e n t  paragraphs 
of which a r e  given below, was received from t h e  Chief of Ord- 
nance : 

1 .  Cancel la t ion  o f  p a r t  of s u b j e c t  program requested 
i n  paragraph 3 preceding inaorsement i s  author ized .  



' \ $12. Attention is invited to the fact, however, that 
all the subject barrels were fired for recovery of bullets 
and no slip worth mentioning occurred in any case. This 
firing was reported in 99th Partial Heport on OP 5082, and 
recovered bullets are on hand at this office. It is, there- 
fore, requested that the conclusion advanced in paragraph 2 
preceding indorsement be chec~ea by further recovery firing 
or other means . l '  

In accordance with these directions, two rounds of 
Caliber 0.50 141kP were fired for recovery with a charge of 
255 grains of Herc. 1770.159C from Barrel C5  and diameter - 
.5075"). Yaw cards were placed along the trajectory at five 
foot intervals from ten to sixty feet ahead of the muzzle 
and at ten foot intervals from sixty to one hundred feet. 
The angles of yaw and orientation obtained from the yaw 
cards are given in Table I below and are plotted as a func- 
tion of the distance from the muzzle in Plots IJos. I and IT.. 

Table I. 
Results of Caliber 0.50 MlAP Bullet Yaw Firing 

Charge - 255 grains Herc. 1770.159C 

Barrel - C5  a and Diameter - .507511) 
Round No. 1 Round No. 2 

Distance from Yaw Orientation Yaw Orientation 
muzzle - - 
10 ' 0° 1.64% 7 O  .40ti 
15 lo 1.68% 15 O -43% 
20' 5 O 1.70ti 35" . 5 l ~  
25 go 1.72~ 67" -56% 
30' 19O 1.77s 108 O .68% 

Hit Wood 

From the yaw and orientation angles, the actual spin 



of the projectile may be calculated. The equation of motion 
of the projectile* relating these three functions is 

. i 

AN cos b + B sin2 b 4 = F 

where the symbols are defined below: 

A axial moment of inertia 
B transverse moment of inertia 
b angle of yaw 

angle of orientation 
spin about trajectory 

N spin of projectile,.about its axis of symmetry 
F a constant 

By setting 6 = 0 ,  F is found to equal AM and (1) becomes 

(2) AN (cos 6 - 1) +, B sin2 6 4 = 0 

AN Substitutingfi for and simplifying, we get 

Also, 

Combining (3) and ( 4 ) ,  and considering v constant over 
the relatively short range (140 feet), it follows that 

cpo and _Tr. were arbitrarily chosen so that the calculated and 
empirical curves could be compared on the same plot. 

A comparison of the empirical orientation-distance curve 
and the curve obtained by mechanical integration of Equation 
(5), both of which are plotted for each round on Plots Kos. I 
and 11, shows that the two types of curves agree very well in 
general contour for each round. It is, .therefore, possible to 

* "The Elementary Treatment of the Motion of a Spinning Pro- 
jectile About Its Center of Gravity", Ballistic Research 
Laboratory Ref. No. 85 by R. H. Kent. 



c a l c u l a t e  the  va lue  of fi , and s i n c e  A and B can be measured, '. 
t h e  value of N, t h e  sp in ,  By means of t h e  equat ion 

we can c a l c u l a t e  t h e  corresponding n, t h e  e f f e c t i v e  t w i s t  of 
r i f l i n g  f o r  t h e  p a r t i c u l a r  round. The b a r r e l  i s  r i f l e d  wi th  
a t w i s t  of 1 i n  30 c a l i b e r s  but s i n c e  t h e  b u l i e t  s l i p s  and 
s t r i p s  i n  the  bore,, t he  e f f e c t i v e  t w i s t  i s  very  much l e s s .  
The c a l c u l a t e d  s p i n  of the  b u l l e t  corresponas t o  a t w i s t  of I 
r i f l i n g  of about 1 i n  700 f o r  t h e  f i r s t  round and 1 i n  200 
f o r  t h e  second round. The very low values f o r  the  e f f e c t i v e  
t w i s t  i n d i c a t e  t h a t  t h e  b u l l e t s  s t a r t e d  t o  s t r i p  long before 
they reached t h e  p o s i t i o n  of maximum pressure.c  

; 
A s  s t a t e d  previously,  the  same two rounds d iscussed  above 

were f i r e d  f o r  recovery and Photograph KO. APG 40921 shows t h e  
two recovered b u l l e t s  and a t h i r d  one i ' i red from a s tandard 
bar ' re l .  The two b u l l e t s  f i r e d  from Bar re l  C5 ( land diameter = 
,5075") a r e  almost smooth and show p r a c t i c a l l y  no s i g n s  of 
r i f l i n g .  

A s  a r e s u l t  of t h i s  f i r i n g ,  it i s  c l e a r  . tha t  a Cal iber  I 

0.50 b a r r e l  having a diameter ac ross  t h e  l ands  of ,5075It i s  
n o t  s a t i s f a c t o r y .  i 

I . , 

Pressure  Cycle of Reduced Land Bar re l  

A s  s t a t e d  previously,  Bar re l  C7 (land diameter - ,507511) 
was modified f o r  use as a p iezo-e lec t r i c  gauge gun. Severa l  
combinations of charge and pov~der were f i r e d  f o r  pressure- 
time records and, i n  some cases,.  f o r  v e l o c i t y .  A resume1 of 
t h e  f i r i n g s  i s  given below: 

Table 11. I 
Comparison of Pressures  and V e l o c i t i e s  i n  Bar re l  C7 

and Standard Bar re l  

C7 45" Bar re l ;  Land Diameter - .507511; JUAP B u l l e t  

Nean 
Charge No. M a x i m  Vel. Correct-  Powder  r rains) of P.E. P ress .  (f/s) ed V e l ,  

Rds . ( lb / in2)  ( f / s )  

Herc. 1830 248 2 53,100 3020 2910 
" 1770.159C 248 15 49 , 600 2991 

(5  r d s , )  2881 
1770.159C 255 2 53,300 3078 2968 

Press.  
Corr. Vel.L 



36" Barrel; Standard Land Diameter - .50011; MlAP Bullet 
Nean 

Charge No. Maximum Vel. Powder  rains) of P.E. Press. (f/s) Press. 
Rds . - - (1b/in2) ~orr.  el.' 

Herc. 1830 248 . 2  56,700 2943 6.55 x 101; " 1770.159C 248 2 56,700 2945 6.54 x 10 
1770.159C .. 255 2 64,100 3059 6.66 x 

The velocities given in the above table for the 45" Barrel 
must be reduced to the 36" Barrel in order to make the ,compari- 
son of the barrels valid. The.increase in velocity due to the 
use of the longer barrel is about 110 f/s.* 

Both the corrected velocities andthe pressures are lower 
in the barrel having the larger land diameter. As a first 
approximation, the ratio of the pressure to the square of the 
-velocity should be constant for about the sarne condition of 
gun and charge. In the case of these two barrels, the ratio 
is smaller for the barrel having the land diameter increased 
to .50751l. Assuming the mean ratio for Barrel C7 and a 
pressure of 56,000 lb/in2, the corresponding velocity in 
Barrel C7 is found to be 3050 f/s. In other words, the maxi- 
mum pressure which corresponas to a velocity of 2940 f/s in 
the standard barrel would give a velocity of 3050 f/s in the 
reduced land barrel. 

Four of the pressure-time records were read for inte- 
gration and for determination of passive resistance, as fol- 
lows : 

1 round of 248 grains of Herc. 1830 in Standard Barrel 
1 round of 248 grains of Herc. 1770.159C in Standard Barrel 
1 round of 2L+.8 grains of Herc, 1830 in Barrel C7 
1 round of 248 grains of Herc. 1770.159C in Barrel C7 

The pressure-time curves were obtained,directly from 
the piezo-electric oscillogram. Acceleration curves (d2x) p vs t 

were derived from these curves; integration of the acceleration 
curve gives a velocity curve (dx,, t) and integration of the 

dt 

velocity curve gives a travel curve (x vs t). .The final 

* 55th P.R. on Functioning and Mechanism Tests of Machine Guns 
and Accessories and 1st P.R. on Test of 451' Barrels for Cali- 
ber 0.50 Machine Guns O.P. 5082 T.S.T.P. No.'1931-625. 



velocity and travel obtained by the integrations are higher 
than the known measured values since we have neglected the 
forcing resistance and gas friction. The total friction is 
considered to be the sum of bullet friction and gas drag. 
The bullet friction fl (x) is assumed to be equal to 

a(1 - L, where 
2xe 

a is a constant 
x is instantaneous travel 
x, is exit travel 

The gas drag f a  (t) is assumed.to be equal to bpv2s, where 

b is a constant 
p is the density of the charge 
v is the velocity of the projectile 
S is the bore surface from the breech to 

the projectile 

all values being taken at time t. The constants 3 and & are 
determined in such a way that the integrated values of the 
velocity and travel equal the measured values. 

Four curves are shown on Plots No. I11 - VI for each 
round: 

A - a pressure-time curve 
B - a pressure-travel curve 
C - a velocity-travel curve 
D - a friction-travel curve 

The means values of the friction-travel curves shown 
on the D plots were obtained by Simpsonfs rule and are given 
below: 

Barrel C 7  Herc. 1830 5420 lb/in2 
Standard Barrel Herc. 1830 7280 lb/in2 
Barrel C7 Herc. 1770.159C 4310 lb/in2 
Standard Barrel Herc. 1770.159C 6890 lb/in2 

The mean decrease in friction from the standard barrel 
to the barrel having reduced height of lands for the two 
rounds is 2220 lb/in2. Assuming that the energy lost by 
the increased friction of the standard barrel is used to 
accelerate the projectile and charge, the increase in ve- 
locity due to the decrease in friction of the reduced land 
barrel may be calculated frorn the equation 



- vast> 
AP, As = , where 

A . . 
2g 

APf is the mean difference in friction between 
the barrels 

A is the area of the bore 
s is the travel (of 36" barrel) 
m is.the weight of the projectile 
c is the weight of charge 

is the muzzle velocity of the C7 Barrel 
Vc-7 is the muzzle velocity of the Standard Barrel Vst g is the gravity constant 

. . 

Assuning a velocity of 2940 f/s for the standard barrel, 
the velocity of the reduced land barrel is calculated to be 
3050 f/s, which checks very vie11 with the value previously 
calculated by assuming a constant ratio of pressure to ve- 
locity squared; in fact, the agreement is undoubtedly better 
than one should expect from the two methods used. 

Recommendations 

While the .507511 barrel is not satisfactory, it has not 
been proved that the principle of reducing land diameters in 
the Caliber 0.50 is entirely unsatisfactory. It is, there- 
fore, recommended that a .5035tt barrel be modified for use 
as a piezo-electric pressure gauge and similar firings be 
carried out in it. 

Resume 1 

The analysis of the pressure-time records obtained in a 
standard barrel and a barrel having a land diameter of .50751T 
shows that the reduced height of lands result in a reduction 
in maximum pressure of about 5000 lb/in2 at a pressure of 
over 50,000 lb/in2, By using a large enough charge in Barrel 
C7 to give a maximum pressure equal to that in the standard 
barrel, it appears that the velocity of the reduced land 
barrel should be augmented by about 100 f/s at a velocity of 
about 3,000 f/s, 

Acknowledgement: The interior ballistic calculations 
consisting of pressure-travel and velocity-travel curves 
were carried out by Miss Mark. 

5 .  R. Lane. 
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