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ABSTRACT

On the basis of previous work several types of rocket projectiles
were made to flt the 3" Trench Mortar. While this gize ig belisved to
be considerably small for the type of projectile it was chosen because
of the avallability of mortars and material from which the projectiles
could be made up falrly easily at minimum cost.

Double bage stick powder was used as the driving charge and a
method of packing, size of orifice, and method of igniting worked out
which gave much more consistent and satigfactory performance then in
the past. Projectiles wers somewhat heavisr than necessary and rather
crude, being made primarily from salvaged matérial and within the
limitation of the tools available. No attempt at accuracy firing was
mede due to insufficient number of projectiles and to the necessity of
working out many detalls before this step would Ve logical. No attempts
were made to reach maximum range. liortar pressure was held down to a
‘meximm of about W000 p.s.i. and projectiles having a driving charge
were fired in comparison with similar projectiles having no driving
charge (the propelling charze in the mortar and angle of elevation be-
ing the same) to get the increase in range of the rocket projsctile
over the similar ordinary projectile.

The average increase in range on those rocket projectiles which
functioned fairly well was about 75%. Maximum range on a 15 1b. rocket
projectile was about 2200 yds. as comparsd to about 850 yds. for a
similar projectile without driving charge. (Increass 158%). Bursting
charge capacity of this shell was 1.52 1b. T.N.T.;driving charge
205 grams stick powder.
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Purpose: - S

The surpose of this investtgation has been to determine
if it is practicable to add a force produced by & rocket charge'
to a projectile in flight which will: ,

(1) permit a reduction in weight and complication of the
gun firing it and still give a range and effectiveness which
compare with similar weight conventional shells, _ .

(2) or an increased range without seriously decreasing
the efrectiveness or increasing the weight of the projectile.

¢~

Scope and Limitations'

The information obtained from this phase of the investi-
gation has shown that a driving charge can be fired after the-
projectile is in flight and will give an increase in range.
The driving charge used burned comparatively slowly wilth
ejection velocity of the gases probably much lower than the
maximum that might he obtained without developing aporeciably
higher driving chamber pressure. It is most probable that the
ejection velocity was further reduced by sted dulling of the
ejection nozzle which causes eddies in the gases. It is be-
lieved that a smooth properly proportioned ejection cone
would materially increase the effectiveness of the driving
charge, even though the rate of burning of the charge was

" not 1ncreased.
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The projectile 1tself was of poor form for good stability
and low air reslstance as demonstrated by the short ranges ob-
tained by fairly high mortar pressure when firing the projectile
as a conventional finned shell. Also the weight of the pro-
Jeetile was unduly high due to the character of the makeshift
materials used and the effort to keep expense at a minimum;
the object being to demonstrate a principle rather than to per-
fect its anplication.

DESCRIPTION OF MATERIEL

Mortar: -~
The mortar was a standard 3" T.M. Mk, I mounted in the
usual way on a bipod and resting on a Mark II base plate. The
mortar closing cap and firing pin were removed and a cap having
a short section of 1903 .30 Cal. rifle uLarrel and receiver
mounted in it, was screwed onto the base of the mortar. This
permitted firing the mortar by a lanyard attached to the trigger
of the rifle rather than in the usual way of dropping the shell
dovn the tube and firing by striking the propelling cartrldge
primer on 2 firing pin. Functionling was quite satisfactory.

Primer:

-

The pfimer'was made by lbading a .30 Cal, blank with 4 grams
of Grade A-4 black powder, the E.C. powder having first been re-
moved. : P , . -

‘Progellinglcharge:

Flake powder a&s furnished in capsules for the 81 mm T.M.
was used, however difficulty having been experienced in getting
proper ignition with the powder in the capsules it was removed
and made up in sllk bags of 300 and 800 grains. respectively.
The silk used was cut from the parachute of an old alrplane
parachute flare. Increment rings of ballastite of 110 grains
each as furnished for the 3" T.M. were used to augment the 800-
grain bag when more than this amount was desired, Ignition of

.the propelling charge was satisfactory after repacking the latter

as noted above.
KR

Driving charge: - = . L .

‘*  The dfiving charge powder was a speclal stick powder made
by Picatinny Arsenal under P.A. Ex. Order 357-50, Procurement
Authority Ord 7291 Expt. Lot 1970, June 29, 1937,

The composition is as follows:



, 'Nitrocellulose (13.15% N) . 54.0%
Nitroglycerine " 43.0%
' Vaseline _ -3.0% ‘
. : Diphenylamine (added) . ‘

Dry Measurements. -

Grain form .cvcveeeees. Core
Diameter .Oll!.'l"..'00625
Length ceievvecrioevans L 0 inches
Unperforated. i

-~

- ' There was space in the driving charge chamber (except as
noted under latest type projectile described under type IV)
for 7 sticks of powder. It was found 1f the sticks were simply
placed in the chamber almost invariably one of them became wedged
in the orifice on firing and caused the driving charge to burst
the chamber due to closing of the escape port. To overcome this

-gseven sticks were cemented with colloided F.N.H. powder (acetone
being the suspending medium) into a cluster, six sticks being
arranged around a center stick. This cluster was then cemented
to the front closing plug or diaphragm of the driving charge,
chamber with 2 gasket cement and further held in place against
set back by .the lip of the rocket chamber rear closing olug
bearing on the six perlpheral sticks of powder and holding them

~ firmly against the rocket chamber front closing plug.

(::

It is realized that the use of this colloid-as a cement
probably had some effect on the burning characteristics of the
powder, but again attention is invited -to the fact that the
purpose has been to demonstrate a principle rather than to per-
fect its application. Work had not yet progressed to the stage
where serious attempts at uniformity or maximum efficiency were
made; satisfactory functioning of the various elements in the
desired order being at the time the greatest interest.

‘ While this method of vacking the charge served to eliminate
the blocking of the orifice, another method was trled wilth

Type IV projectiles, which will be described, and which appears

to offer promise of better performance and which does away with

the use of any. adhesive. .

o See Figure 1.
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Igniting charges:

~ Reference to Figure 1 will show the location of the primary

and secondary igniting charges. The primary igniting charge,
consisting of four grams of Grade A-4 Black Powder 1s held in
place in the discharge tube and against the delay element by a
silk wad. The secondary lgniting charge of 2 grams of the same
grade of black vowder 1s placed in a shallow well in the center
of the cluster of driving charge sticks and held in place by a
patch of silk . cemented across the end of the charge.

The sequence on firing 1s as follows:

1. The primer is fired by pulling the trigger on. the
mortar firing mechanism. ‘

2. The primer flame ignites the propelling charge.

3. The oropelling charge forces the projectile out of the
tube and ignites the nowder train of the delay element.

L. The delay element powder train burns through its set
delay and ignites the primary igniting charge.

5. The primary ignlting charge ignites the secondary ignit-
ing charge which assists in the ignition of the driving charge.

‘This sequence of events has functioned successfully and is
the only one of several arrangements that was satisfactory.

The Pressure Block-Delay Element:

The delay-pressure block element was first developed and
used in April 1935 in connection with this project in the modi-
fication of several Coston Ship Signal Rocksts (Discussed in

‘Report No. 7, May-31, 1935).

It was not used, having become more or less lost in the

many details and problems arising, in rocket projectiles until

this series of shell was made. The accomplishment of a reason-
able rate of driving charge burning was not realized with a
high potential powder until the introcduction of this element
into the system. It appears now that the key to the successful
burning of high potential powder in a rocket projectile fired
by powder pressure from a tube is the protection of the driv-
ing charge from the pressure generated by the burning propelling
charge.

It had been noted in previous firings that when a smsll
propelling charge was used and the rocket discharge tube was
left open, that fair ignition and burning of the driving charge
could be obtained. However when the propelling charge was in-

b .
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creased and a higher mortar pressure developed, the driving
charge would .burst 1ts container very close to the muzzle

of the gun. Realizing that pressure increases the rate of
burning of this kind of powder a pressure block was made which
served the two following ourposes.

1. Protection of the driving charge from the pressure
‘and -heat of the burning propelling charge.

2. Incorporation of a selective delay for 1gn1t1ng tne
driving cherge at some selected time after the projectile had
left the gun tube. .

Increased effect of the rocket propelling force is ob-
tained if the driving charge is fired while the projectile is
meving at or neer the highest velocity given it by the mortar,
yet it should be far enough away so that the high velocity
eJected gases do not soray around the gun. This is the reason
for the delay. -Just where the most protected point on the tra-
Jectory of igniting this charge is, has not yet been definitely
determined.

Figure 2 shows a sketch of the pressure block-delay element
as made up for these projectiles. The loading of the time train
was done in a home-made die, regular 21 sec. fuze powder being
used. No attempt at - -especially good uniformity was made. When
properly mounted in the discharge tube to prevent leakage of gas
past the body, they functioned satisfactorily, if not uniformly. At
longest setting burning time was about 3/4 second., The body of the
element is blowm out of the tube on ignition of the driving charge.

: Figure 1 shows the posltioning of this element in the dis-
charge tube.

H
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The ProJect 1le ~ Assembled. (Figure 3)

The nrojectile was a composite of '‘salvaged material avail—
able at Aberdeen Proving Ground. Reference to Figure 3 will
clarify its make-up. In types I, II and III (see Photographs
3595., 36195, 36278) the construction: is the same from the
diephragm back except for the double fin in the latter two but
@iffers from type IV which will be described separately.

The tail group: in the first three types was made up of
the dlaphragm, the driving charge chamber, the adapter, the
dlscharge tube and the fins,

The diaphragm was made of mild steel (W.D. 1040), its
construction being obvious in the drawing. When assembled into
the projectile the threads were coated with a gasket compound
to minimize the possibility of gas leaks, .

The driving charge chamber was made from recovered 3" A.A;
H.E. 8hell M-42. The bases were cut off and the nose end remaln-
ing turned down internally to a thickness of about 1/4".

The adapter as used was'cut down from a MK. III adapter.

The discharge tube was made from new stock, seamless 1"
steel tubing (0.D. 1", I,D. 1/2") and was step drilled as shown.
While it is desirable that the interior of this tube should be.
conical (probably a cone of an overall angle of 8° - 10° being
near the proper flare) it was not so made due to the lack of tools
to do it economically. Step drilling was resorted to to approx-
imate this shape. :

The fins were taken from recovered 21 mm M43 practice shell.
They were bored out sc as to be a snug fit over the outside of
the discharge tube and were welded in place.

The nose group varies in types I, II and IIT. In type I
it was made from the body of 3" . T.M. MK I projectile to which was
welded a nose section left over from a range firing program of
3.3" experimental projectiles, the overall nose length belng
8 1/2", . This type yawed rather badly in flight. Its bursting
charge capacity was 1.63 pounds of T.N.T. and total projectile
weight empty 10 1bs. 10 ozs.

Type II nose group was made up the same way as type I ex-
cept the bursting chamber was longer, the nose heavier and of
different profile. Capaclty of bursting chamber hue was 2.2 lbs.
of T.N.T. and the length 10 1/2". Total projectile weight empty
13 1bs. 2 ozs. The increase in length was made in an attempt to

move the center of gravity ahead and the second fin added in an

~9-
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attempt to move the center of pressure to the rear to increase
stability. This was not realized however and this type was more
unstable than the first,.

Type III nose group had & bursting chamber of the same ma-
terial as I and IT but was 5 1/2" long and had welded to the for-
ward end, the front closing plug taken from 3" T.M, MK. I pro-
Jectile. Capacity was 1.2 lbs. of T.N.T. and a MK VI 3" T,M.

" fuze was used. Due to the ranges belng reached at thls stage

it was impossible to spot the landing of the shell without a
bursting charge, so this group was loaded with 12 oz. of black

.powder. Stability of this type was good., Its total weight empty

was 10 1lbs. 10 ozs.

Type IV projectile differed considerably from types I, II
and III. (See Figure 4 and Photograph 36363¥. This projectile
was made by modifying an 81 mm T.M. high capacity shell T-9 which
had previously been fired and recovered. The rear end of the
shell was cut off as shown in Photograph No. 36363 and a cylinder,
which is the driving charge chomber welded into the opening and
braced as shown., The discharge tube was 5 1/2" on this shell as
against 7 in the first three types and carried one fin as shown.
The orifice was the same as in the others, namely 3/8". This
shell had a total weight empty of 9 1bs. 10 ozs. and had a burst-
ing charge capaclty of approximately 3 1lbs. of T.N.T. A driving
charge of 147 grams was carrled. . -

- In this prcjlectile no cement was used with the driving :
charge but it was arranged as shown in Figure 5. Three layers of
powder were packed as shown (Figure 5), the finest granulation
being nearest the orifice. From the limited number of static
firings (four) made with this arrangement of -powder in the
driving charge there appeared to be no tendency of powder sticks

. to be blown into the orifice and no evidence of unburned pleces

were found outside after firing and none remained in the chamber -
indicating complete consumption of the charge.

: Burning appeared to be quite rapid as judged from the report -
and the force developed by the driving charge considerably greater
than produced by that used in types I, II and III. These com-
parative effects will be measured at a later date if time and cir-
cumstance permit. :

Two rounds of this type were made .and fired and in both
cases prematured in the bore wrecking the mortar as shown in
Photographs 3636/ and 36.,76. Fragments of the shell found in-
dicate that in the first round the bursting charge wes ignited
near the muzzle splitting the tube as shown. A large plece,
probably the driving charge chamber and fins was seen to fly some
600 yards down the range although this could not be confirmed by
locating this piece. . _

-10~
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In the second case, examination of fragments of the mortar
tube very soon‘after the exolosion showed it to have been of
very coarse crystalline appearance and that probably it had been
cracked in previous firings, since it showed rust deep in the
fractured edges in some places. However fragments of the shell
were also found, so there is some gquestion as to whether the shell
burst and burst the tube or the tube burst and wrecked-the shell.
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Method of Firing:

The mortar was set up in the usual manner except for the
addition of the special firing mechanism and lanyard. The
silk powder bag was loasded from the muzzle and the projJectile
dropped in on top of it, the primer was then inserted and the
plece fired by lanyard from the shelter of a stockade, No
attemot at uniformity in range was attempted due to the fact
that information was being sought as to the effect of different
lengths of delay in igniting the driving charge as well as
different arrangements of the driving charge itself.

Before any llve rockets were fired, a number without driv-
Ing charge were fired with various welghts of propelling charge
to determine the range of the dead rocket and its behavior in
flight in order that a comparison could be made when the same
type of projectile was fired with a driving charge. Pressures
were taken with each varying weight of propelling charge in a
special tube fitued with a device for using revolver type crusher
gauges. '

Live rockets were fired with delay, ranging from that which.
started the burning of the driving charge practically at the
muzzle to that which fired it after it had passed the peak of the
trajectory. Longer ranges were obtained, other factors being as
nearly equal as possible, when the driving charge was fired near
the muzzle. Deflection effect of the driving charge was not
separable from the effect of construction faults in the rockets
themselves, but in no case were deflection errors extreme. One
rocket, probably due to the orifice being off center, executed
a maneuver similar to a "barrel roll% of an airplane, when the
Griving charge functioned at about the top of the trajectory and
landed about 102 off the line of sight. All others remained -
within about 5° of the sight line, many landing very close to this

Table I shows the rounds fired and the reshlts obtained.

The very limited number of rounds makes the range results
of the firings of small value. The firings do show that the driv-
ing charge can be made to function 1n a projectile in flight and .
that it will add considerable range, but definitely how much and
how consistently remains to be found out. Insomuch as much of the
firing end much of the making of the projectile was done without
assistance or with very little assistance, it was very difficult
to keep strictly accurate account of observations and to locate
projgctiles on landing. The firing record leaves much to be de-~
sired. ‘

~L4~
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TAELE I
‘ Approx. Flace on .
Drive Propelling Trajectory where Character o Approx.Range .  Hange Range
Weight Charge Chaerge Driving Charge of Orifice (No Drive Charge) (with Drive
Tyse Totzl . - Wt Elev. Fired Flight  Diem. Sems Shell Type  Charge) Defl. Increase
‘ 1bs. O%. Zrems grains o .
o :
I 16 © 150 %00 45 1 sec.after fir- Not ssen. 25/64" 420 yds. Loat Lost
ing gun. 2 ex-
plosions heard.
Shell could be
heerd in air for
~_about 13 see. :
I 16 2  XNone 685 Ty None . Yawed badly. 580 OR .
I 16 2 None 1100 450 Wone Lost Lost Loct
l \
K1 16 o0 Hone 300 U50 Yone Appreciable 280 0
i yat. ‘
I 1 1 T4 800 45¢  Failed to ig- Appreciable 3/8* 600 580 10L
nite.. yaw. Nose
' cap separated
from shell at
mizzle. '
I 15 0 -Yong 800 b5 Nore Yose removed 650 20L
L . vefore firing,
‘ — _Flight zood.
1 13 & None 800 65° None Bursting chamber 660 70L
. wt. reduced. .
Flight 200&, : .
I 1% © 147 800 459  Near top of Yawed badly. 3/g" 600 850 30R .6
trajectory. ) . )
II 15 0O  Xome 300 50 Wone Yawed worse 390 18
‘ then Tyge I .
-II 13 3  TKome 300 by None Yawed badly. 375 20L \
: Abendoned due to very poor flizht clarscteristics.
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: TABLE I (Cont'd)
.Drive lIropelling . Approx. Place on
Weight Charge ftharge Trajectory where Character Approi, Range Range Range
- Type Total Wt Wt. Elev. Trivine Charge of Orifice (Mo Drive Charze) (with Drive %
I 1bs. 0z, gramsg ins (2 Fired Flight _Dien. Same Snell Tyoe Chirece Defl. Increaos
; TI1 13 b 23 132 450  Near muzzle.Drive Gcod 3,88 1300 approx. 2100 90L £1.5
: (100 4/ sg.in.; charge fired twice.
!_"TII B 1e 250 910 50 Near top of tra-  Good 3/ 8" 850 approx. 2200-2L00  120L 158
f Jectory on upward " ¥ot found Est.
, leg. Qne lound rmash- tho seen
L ing report mede by to land
: driving charge, and burst. P
o IIr 13 08 230 . . 910 450 Near top of tra-  Good 3/8" 850 approx. 2200-2400  100L 158
: Jectory on upward Est. Est.
: leg. Excellent
i' firing of drive
= . _charse. : : ‘ :
I 13 12 230 1230 459 About 1/2 Gis- Good 3/&n 1100 approx. 1360 10L 44
' tance from gun to Est.
' top of trajectory.
i Excellent firing
! of drive charge, .
. III 13 12 243 1130 459 Drive cherge only Good 3/8n 1000 approx. 1650 20L 65
partly burned. )
LI 13 1 27 800 450 At top of tra- Barrel- 3/8" 800 approx. 1450 ob- 200L gl
§ Jectory. Excellent 1roll when gserved
| firing of drive drive from 3
; charge. charge positions.
! fired.
PoIIr 13 12 233 . 1020 45° Poor firing - Good 3/8n 900 approx. 1600-1800 On line 77
i ‘ 4 gentle reports, ' fell in apparent-
| . . fired 400 yds. - .woods. Cb- 1ly.
i approx. from served
E O .« R from 3
t
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TABLE I (Cont'd)

Approx;'Place on

Drive  Propelling Trajectory whers  Charzcter Approx.Bange Pange ‘Range
Weight Charge Charge . Driving Charge of Orifice (No Drive Charge) (with Drive !
Type Total Wt. Wwt.: Elév, --Fired - - Flight Diam. Seme Shell Type Charge) Defl. Increase
1bs, 0z.. grams  greins o__ '
IIT - 13 12 233 1240 45% TFired at muzzle. Good 3/8" 1100 1950 On 17
Excellent firing approx. fell in line
of drivse charge. water., Ob~ apparent-
. served 1ly.
from 2 po-~
sitions,
IV 13 1% 130 1240 459 Premature in bore, burst mortar tube.
Iv 13 11 130 760 Uh  Burst mortar tube. Possible premature of projectile indicated.

Examination of fragments indicates tube had Tteen cracked in previous firings.
Pressure with this propelling charge previously measured averaged 3300 1lbs./sqg.in.

Approximete ranges with no driving charge are not exact is due to fact that these were fired without tursting

charge and could no{ be located exsctly in the tall brush where they fell.

Due to the small mumber of rounds available

(16, of which 5 blew up near the muzzle during the process of establishing a driving charge) the dead rounds were
usuelly rockets which bad been fired with a driving charge, were recovered and rebtuilt tut which had usually suffered
some damageé which was not repairable aznd which affected their flight to some degree. )
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Discussion:

It is the opinion of the writer that the application of
rocket prooulsion to projectiles of the size herein reported
is probably impractical. However the equipment and material
available and the effort to spend as. little money as possible
led to the use of the 3" T.M. A minimum caliber of about
105 mm is indicated with a total weight of &bout 35 lbs. for
the projectile.

To date the arrangement and amount of the driving charge -
has been entirely a matter of cut and try, however now that
one which does work fairly well has been established, it is
proposed to make a serles of time-pressure curves using a
Plezo-electric gauge and different arrangements of powder to
get more exact data for future reference. The avparatus for
this phase is comnleted and the results when obtained will be
submitted as ai. additional partial report.

It should be emphasized that the results obtained so far
are probably far from those obftainable with a properly designed
projectile and driving charge powder. Due to the small diameter
of. the projectile used, the weight to volume relation was poor,
the exterior finish end fins were rough, but most important,
the orifice and discharge tube were.a very poor makeshift and
probably reduced the discharge gas velocity by a large percent.
It is estimated that in a 105 mm shell weighing 35 pounds a
driving charge of about 4 pounds could be carried, or in other
words, an increase of about 2.5 times in total weight would give
en increase in driving charge weight of about 9 times the present .
and still leave space for about 6 pounds of bursting charge.
Furthermore the projector tube should be of such strength as to
allow sufficient pressure to give the projectile a muzzle velocity
of approximately 800 foot-seconds in order that a reasonable high
velocity may obtain at the moment the driving charge 1s fired.

Insomuch as any development from this point will involve the
expenditure of considerable money it is pertinent to consider the
application of the rocket principle that may justify such ex-
penditure.

The 81 mm T.M. has a range of about 3200 yds. with a 7..3-
pound shell carrying 1.13 pounds of T.N.T. and is quite accurate.
It also fires a 15.07 pound shell carrying 435 nounds of T.N.T.
to & range of 1280 yds.

Considering a rocket proJectile for the same weapon it is
not practicable to bulild a 7-pound projectile. A li-pound rocket-
projectile has been made which carried 1.6 1bs. of T.N.T. and had
a range of 2200 yds. or a 71% increase over the standard 15 1b.
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)

81 mm shell. Assuming that an increase in efficiency of the

‘driving charge and shell can be made to give a range of 3000 yds.

or better, 1t still would offer little advantage over the present
weapon because it 1s quite probable that this range can be reached
with a 15 1b. finned shell of improved conventional design fired
from the same tube. Add to that the fact that the accuracy of

the rocket is unknown, its expense probably would be greater and
that the weight of the flring weapon 1s not reduced, there would
be little Justification of the expense necessary to develop a
rocket-projectile for use with this weapon. Even were it posgsible
to reach a range of 7000-8000 yds. with & rocket shell carrylng

3 ibs, of T.N.T., to keep within & weight of 15 1bs., ‘the shell
wall would be too thin for effective fragmentation and if the
shell wall were made thick enough to give effectlve fragments

the welght of the ammunition would be much increased. 1In short,
such a -shell could do little that a 75 mm shell fired from a

gun canmnmot do and in additicn it would be limited to plunging
fire. It is true that the mortar firing the rocket shell weighs
much less than a 75 mm gun, however the mobility of the gun is
great and offers no lnsurmountable difficulty, not enough cer-
tainly to warrant the development of a new weapon of this type

to take 1ts place.

Now conslder the 105 mm howitzer. This weapon flres a 33 1b.
shell carrying .9 1lbs. of T.N.T. te a maximum range of 11600 yds.
The total weight of the.fuzed round (shell, fuze, propelling charge
and cartridge case) is about 42 pounds. The howitzer weilghs in

firing position 3600 pounds.

It 1s computed that a rocket-shell welghing 39 pounds complete
with fuze and propelling charge could be made which would carry a
L-pound driving charge and a 6-pound bursting charge and have wslls
sufficiently thick for good fragmentation. In order.to fire such
& projectile at a maximum muzzle velocity of about £00. f/s.; the
gun for firing it would require a recoll mechanism and would prodb-
ably weigh little less than the present howitzer although rifling
might not be necessary. Assuming egual or greater maximum range
can be obtained the advantage of the rocket shell would be in the

. delivery of about 1 1lb. more T.N.T. at the point of burst and

saving of about 2 1lbs. 1in total weight per round. This hardly

‘seems enough to warrant the development of & new shell whose

characteristics are unknown to replace the present shell. The
problem of mobility with the 105 mm howitzer is still not one

of great difficulty and a weapon of similar caliber to fire the
rocket-shell would offer little advantage from this standpoint.

If however & rocket shell can he made to give equal range
with delivery of as much explosive in & shell welghing no more
than the present complete 105 mm round, and this can be done with
a muzzle velocity of only 300 f/s then the weapon could be much
simplified and probably be reduced in weight to about 1800 »ounds.
This of course would be some advantage. From the standpoint of
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use a rocket-shell of this caliber would be of doubtful in-
creased value over the present 105 mm g2hell. However from
the standpoint of development of the principle for applica-
tion to larger calibers, this slze would offer probably the
gaximum economy for a reasonably favorable volume-weight re-
ation. i :

The 155 mm howitzer Model 1918 fires a 95 1lb. shell
carrying 15-19 1lbs. of T.N.T. to & range of 12,400 yds.
The weapon in firing position weighs 2260 lbs.

It is computed that-a finned rocket- shell of the same
caliber carrying 20 1lbs. of T.N.T. and a driving charge of
about 9 1lbs. could be made to weilgh not more than 80 lbs.

If this driving charge can be made to function sufficlently
well so that only a 300-400 f.s. muzzle velocity 1s necessary
to give a 12,000 yard range, then a simslified smooth bore

gun weighing probably less than half that of the present weapon
would meet requirements. Of course it is problematical that
the rocket can be made to function this well - if it cannot
then it is not worth application; if it can be, then the in-

" ¢reased mobility of the weapon and the saving in weight of the.

ammunition may be worth the effort and money.

There are two ways in which the rocket charge may be used.
The first i1s to give the shell a low muzzle velocity and build
1t up with the rocket charge to give the desired range. The
second is to use a high muzzle velocity and add an increment
of velocity to give a suver-range by means of the rocket. charge.

Attention is here invited to the fact that the rocket-
charge is not designed to burn over a long perlod of time as
is the usual idea gained from the conventional sky rocket.
The ordinary sky-rocket according to Dr. Goddard 1is only about
2% efficient, is almost entirely filled with driving charge and
carries a very small pay load.  The long burning time is due
to low exit veloclty of the gases which 1s one of the reasons
for the low efficiency. It i1s avparent that i1t would be neces-
sary in a projectile to carry a very large driving charge to get
a8 long burning time and still have an exit velocity of the gases
of 6000 f£/s or better. It has been found in actual firings made

"in this investigation that it 1s more effective as well as much

more practicable to fire a glven charge as fast as possible
consistent with keeoing comparatively low pressure in the driv-
ing chamber (in order to save weight in the latter) than to at-
tempt to stretch the burning time over considerable time. There-
fore 1In practice it 1s the writer's opinion that charge and ori-

~ flce should be so designed as to burn the driving charge as

rapldly as possible and still keep the pressure not over 3000-
4000 lbs./sq.in., and also to do this,where the maximum ordinate

of the trajectory is not high enough to reach rarified air, as
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C near the muzzle.of the firing plece as is consistent with the

safety of the gun crew. The point to be made is that the exit
veloclity must be kept high, let the burning time be what i1t may.

i To go back to the two applications of the rocket charge re-
ferred to and considering the first. If a low muzzle veloclity
1s used, a comparatively .light gun and a thin-walled high-
capacity shell could be used but a large driving charge would
be necessary to build up the velocity to give a long range.
This would materially reduce the space avallable for the burst-
ing charge and increase the weight of metal in the shell that
would -play little if any part in the fragmentztion and burst-
ing effect (the driving charge chamber). Take as an example
our 240 mm Schneider Howitzer. This weapon fires a 245 1lb.
shell carrying 49 1lbs. of T.N.T. tc a maximum range of 16390 yds.
with a muzzle velocity of 1700 f/s. The lowest muzzle velocity
at which this weapon is fired is 615 f/s. Assuming we plan to
fire this gun at 700 f/s and by means of a rocket charge in the
shell, which charge fires at the muzzle of the gun, to build the
velocity up to 1700 f/s in order to get about 16,000 yds. range.
The low muzzle velocity permits us to use a shell with a wall
thickness of only about 3/8% (steel of 90000 1bs./sq.in. tensile
strength), which materislly increases the capacity of the shell
PR and cuts down its weight. However in order to add the 1000 f/s
N necessary to bring the velocity to 1700 f/s, we must carry a
driving charge of about 34 lbs. of powder, assuming the exit
veloclty of the powder when burning is 6000 f/s. The driving
charge chamber necessary to carry the 34 lbs. of powder and
stand safely a pressure of 4000 lbs./sq.in. should weigh about
65 lbs. and occupy considerable space in the shell which leaves
~space for carrying of about 45 1bs. of T.N.T. The total weight -
of this hypothetical projectile would be about 225 1ibs. and it
would be about 32" long in the body plus a 10" discharge tube. -
The 6% 1b. driving charge chamber is of course so much dead
welght to be carried along after the driving charge 1s burned
and though it might be arranged so that it would be thrown off
after its usefulness has ceased, this would ‘be of little ad-
vantage unless a second driving charge were used. In this
application the driving charge should have 8 net effect of
adding about 990 f/s (exit gas velocity 6000 f/s) to the ini-
tial 700. The firing piece need be built only to withstand
the stresses resulting from firing a 225 1b. shell at 700 f/s
instead of a 345 1b. shell at 1700 f/s., yet the range should
be about the same. If this can be done a definite advantage
results from the saving in weight of both the gun and ammunition.
It is quite within the realm of possibility to assume an exit
veloecity of 6000 f/s, velocities higher than this having been re-
corded by Dr. Goddard. ' _ .

' (N Now considering the second application. This shell is to

- fit the 2,0 mm Howltzer and is to be designed to stand the
stresses of firing at 1700 f/s and to have about the same outside
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form and dimensions. This shell unloaded and made of common
steel will weigh about 296 1bs. and has a cavity capacity fuzed
of about 868 cu.in. which must be divided between a bursting
charge and & driving charge. A 30 lb, T.N.T. bursting charge
will occupy 587 cu.in. leaving 281 cu.in. for the driving
charge or 16 1lbs. of double-base powder of a density of .057
1bs./cu.in, If we can burn this to give & gas exist velocity
of 6000 f£/s then we can add about 288 f/s to the 1700 and get
1988 f/s effective muzzle velocity which should give & range

of about 19,200 yds. In other words, we have sacrificed 19 1bs.
of T.N.T. for an increase in range of 2800 yds.

" TABULATION - _
Designed for ' Total Burst Drive Propellmg . Vel.added -Est. RFinal -
M.V. We. Charge Charge Ch.to glve by Drive  Range Vel.
Shell of . _Shell (#) Wt.(#) §t.(#) Stated M.V, (#)charga(fla) Yds.. (f/s)
Enown
. 8t4.240 1700 £/s . 345 43.2 . NWome  36.5 None 16400 - 1700
Rocket ' -
240 1700 f/s 3u5 - 30 164 36.5 228 19200 1988
" Rocket ' ' - ' ‘ ' .
240 700 £/s 225 'R0 " 3ug 5= 9% 16000 1690

In the two cases considered, the maximum ordinate will be
under 20000 feet where the lessened air density is not of so very
great importance in reducing resistance. If we were to consider
a long range rocket where a maximum ordindte of well over 23000
feet is reached, at which altitude the air density 1s less than
1/2 that at the earth's surface, then 1t probably would be advan-
-tageous to delay the firing of the driving charge until this alti-

‘tude were reached, and to give the projectile sufficient initial

velocity to get it up to such an altitude, providing this velocity
were not.so high that excessively heavy shell walls would be neces-
sary to withstand firing stresses.

" The 12n mortar Model 1890-1908 firing & 700 lb. Shell at
1500 f/s at an elevation of 65° reaches an altitude of 19850. feet,
at which altlitude the ailr density is about half that of the air
at the earth's surface.

Assuming an hypothetical rocket shell designed to weigh about
the same and to be fired at sbout the same muzzle velocity but to
be used as a long range demolition projectile rather than an armor
plercing one (in order to avoid the necessity of using very heavy
shell walls) this shell would be 10" in dlameter, 70" long, prob-
ably finned. The driving chamber walls would be a minimum of

.8" thick (of steel with a tensile strength of 125000 lbs. /sq. 1n.
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and the driving chamber would have a capacity of about 161 lbs.

of powder. The nose section carrying the bursting charge of

50 lbs. would have a minimum thickness of .375" (of steel with

& tensile of 75000 1lbs./sq.in,) the whole would weigh about ,

673 1bs. If we fire this shell at a muzzle velocity of 1500 ft/sec.

NG -
s

'

and can reach an altitude of 18000 ft, at 662 then it would prob-
ably be more efficilent in action if we fire the driving charge

Vbeginning at about 16000 ft. rather than at the muzzle of ,the gun.

On the basis of the following equation the velocity added b}

the rocket charge 1is computed:

(Mr + M,) v, =‘-Vchc or on integrating
vr - .- B L. K A
V; = - log, (Mr + Mc) + C where

V., = relative veloclity of escape of gases.

=
I

Wt. of rocket without driving charge.
M. = Wt. of driving chargé at any time.

M, = Original mass of driving charge.
o ' : L

N

V, = Velocity of rocket at time of firing driving charge.

- v
C = log, (Mr + Mco) + vg

¢
v — M, +M
vV = v, 1oge (Mr Co) 4 Yo
Mr + Mc
Taking
Vg = 6000 £/s Mo =0
M, = 513 1lbs.
Mc = 161 1lbs.
o
Then Vr = 1590 f/s.
Taking vV, = 8000 f/s then V,, = 2120 f/s.
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We see from the above, which is only approximate due to
the fact that a rocket charge this large cannot be fired in-
stantaneously or even nearly 8o with low chamber pressure,
that about 1500 f/s could be added to the remaining velocity
of the shell at 16000 feet, and considerable of the shell's
travel from there on would be in air of reduced density where
the rocket is at least equally as efficient as on the surface,
and where the air resistance is materially reduced. Of course
if the gas exit velocity can be stepped up to 8000 f/s or better
without excessive pressure in the driving charge chamber, then
the velocity can be considerably increased. For example, by
about 2100 f/s if V_ = 8000 f/s. . :

It must be realized that the data on the behavior of rockets
is most meager and that all of the above is approximate at best.
However from what is available and from the firings done it is
the basis of the writer's cpinion that the rocket shell diameter
should be of a character of at least 4,0", preferably larger, and
that it can be best used for super-range projectiles fired to high
altitudes at comparatively low muzzle velocity and at targets

.that cover considerable area. Demand for ammunition for special
-long range missions for field guns could probably be made at

some sacrifice in bursting charge, yet it would enable these guns
on occasion to reach out to super-ranges with a projectile carry-
ing enough explosive to have considerable effect.

SUGGESTED PROGRAM FOR_DEVELOPMENT

: The advance of this project will involve the expenditure of

considerable money and effort. There is certain fundamental in-

formation that should be secured before actual firings of larger

galiber rocket-projectiles should be attempted, which are as fol-
ows$

1. . The development of a driving charge powder which can
be burned in fairly large amounts (up to about 150 1lbs.) in a
chamber having an orifice and which will not produce & pressure
of over 3000-4000 p.s.1. This will involve the design at the
same time of an orifice of sultable size to fit each guantity
of powder fired, since the rate of burning and pressure are
largely dependent on the orifice dlameter. )

2. The design of a sultable discharge tube and orifice
shape (to be done by measuring the reaction produced by given
driving charges when the chamber is fitted with different de-
grees of conical discharge tube and orifice shape). .

3. With this information established to apply a driving

charge and discharge tube to a 105 mm Howitzer projectile de-
signed to be fired at about 1200 f/s muzzle velocity to find

24~




. N P . .
/ i bl T i K i 4
-

DEEP CONICAL INDENT “

CROSS SECTION, LONGITUDUAL

FIG. 6
" DRIVING CHARGE WITH GAS ESCAPE GROOVES

J

2% a.



out what effect & driving eharge will have on a rotating pro-
Jectile. There is no information available on this subject at
present. e

L. Make a 105 mm smooth bore tube to fit on the 105 mm

.Howitzer carriage and fire from it at about 700-1200 f/s a finned

rocket shell weighing about 45 lbs. ahd carrying about 4.5 1bs.

of driving charge. While it is not believed that this is a suit-
able caliber for practical application of the rocket principle
for service use it is thought that such firings will give informa-
tion that will determine the basic design that a larger caliber
shell should have and do it with a minimum expenditure of money.:
There is no information available now on the effect of high vel-

~ocity (over 1100 f£/s) on finned projectiles.

It appears at this time that the driving charge for & pro-
Jectile of A" diameter or greater should be a single e¢ylindrical

block of powder with a single deep indent in the center and possibly

with gas-escase grooves on the sides and top-as illustrated in

. Figure 6. The web thickness of such a block practically necessitates

the use of a non-volatile-dispersing-agent-powder and the results -
obtained in these firings indicate that a double-base powder of
L2% 'or greater nitro-glycerine content has more suitable burning
characteristics for this purpose than any other powders in current
use. It is not practicable to mount such a block so snugly . in a
cylinder that burning will take place only on the top surface and
on the surface of the deep indent, therefore the charge 1s de-
signed to permit burning on the outside surface and to provide
ready efflux for the gases formed between the walls of the charge
and  the cylinder walls in order to prevent trapping of the gas
and the tendency to break up and force the charge out of the ori-
fice in pieces. The bottom is assumed to be firmly embedded in
an adhesive which holds it to the front end of the driving charge
chamber.

;,“;e

CONCLUSIONS

&

1. That the ratio of weight to volume in a shell under
about 6" diameter is too unfavorable to permit the carrying of a
reasonable amount of driving charge without materially reducing
the bursting charge. .

2. That a rocket shell of about 105 mm would serve as a
means of getting data for use in making a more practical shell
of larger caliber.

3. That for a powder driving charge we must turn to a non-
volatile-dispersing-agent-powder due to the great web thicknesses
that will probably be necessary. :




SN
3 7
. That 1t should be determlned whether it 1s better
to apply the driving charge to a rotating or finned shell,
5. That the orifice proper must be of a materlial more
resistant to heat and the erosive action of the gases than .
steel. Consideration should be given to boron carbide, tan-
talum and molybdenum as possibilities. o
*E | C a%f‘;4:<£5}§le,gA;‘
: A. Skinner,
: ' Caot., Ord. Dept. .
/ '
/\r/ 1/ 4/" ffb/
H. H.onrnig,
NPERN Lt. Col., COrd. Dept.,
Jx*) Chief Research Division.
i
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