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FOR OFFICIAL USE ONLY-NOFORN 

I. NON-HYPERGOLIC BIPROPELLANT (NHBP) GUN DESIGN 

Pulsepower Systems Incorporated (PSI) NHBP gun design is 

basically a modular, hydraulically-operatea liquid propellant gun 

directed toward the attainment of high performance with relatively 

modest size and weight. 

The basic gun module, consisting of a bal'rel and receiver 

assembly, is shown in Figures 1, 2, 3, 5, 6, and 7 for the various 

performance levels. The modular configuration allows a wide variety 

of installation configurations and is basically directed towards 

providing a high degre of flexibility in aircraft installation, 

particularly in the retro cit of existing aircraft. The gun modules 

can be arr.mged in a cluster (20mm, 4-barrel cluster, Figure 4; 

and 301nm, 3-barrel clustP. r, Figure 8), in a side-by-side flat pack 

arrangement, or installed separately as an individual gun. 

The NHBP propellant system uses JP-4 and RFNA as the propel­

lant. Each component iG non-explosive and is kept separate until 

inje~ted into the ch ·lmber of the gun. Thus the propellant is 

stored as a non-explosive, effectively eliminating the explosive 

hazard. The JP-4 and RFNA propelJ.•nt combination has a high 

measured impetus ("'401,000 ft-lb/lb at a 4.6/1 acid to fuel 

ra~io), thus allowing attainment of high muzzle velocity at a 

relatively low mass ratio. The liquid propellant combination heat 

transfer characteristics have not yet been determined but should 

provide the l erosion and heating characteristics that have been 

found to be inherent in all liquid propellant gun systems tested 

thus far, because of the effects of film cooling. 

The NHBP gun is an hydraulically-operated, cam-controlled 

system. Hydraulic power is used to perform the primary g1.1n func-• 

tions, projectile loading, and propellant pumping, with the cam 

providing the control functions. Since the cam forces are not 

1reat, cam size, and therefore, gun envelope, are minimized. 
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The operational features of the NHBP gun can be discussed by 

considering one of the gun modules. Each gun module consists of 

a barrel and receiver assembly. In the receiver is located the 

bolt-lock mechanism, projectile loader, the hydraulic control• 

valve assembly, a tol t ass mbly (which contains the spark igni tor•• 

fuel and acid inje ctors ) and the propellant-metering chambers. 

In the cluster arrangement, a ~ingle cylindrical cam controls the 

hydraulic valve assemblies of each gun module . In the single 

module or side-by-side lat-pack arrangement, a fl~~ articulated 

track cam :~r used to provide the control function. 

The gun module is op rated from an open breech position. 

When the firing circuit i :.; energized , the hydraulically-operated 

projectile loacer loads a projectile. The bolt assembly is 

driven forward and pushes the projectile into the chamber. The 

bult is then locked . The fuel and aciG injectors a~e driven for­

ward hydt'aulic.ally, injecting the fuel and acid simultaneously 

into the chamber. 

Injection o f th . propellant forces the projectile forward into 

the forcing conE. This method of propellant loading avoids air 

entrapment with its attendant ullage problem. The spark circuit 

is then energized , which fires the gun. The bolt is unlocked and 

retracte4. The cycle is then repeated , 

It should be noted that to increase the muzzle velocity, the 

chamber and propellant-injection mechanism are increased in size. 

The projectile-loading and bolt-locking mechani sms remain rea­

sonably cons ··:ant for each projectile size. Therefore, considerable 

increase in ~uzzle velocity can be attained without a corresponding 

increase in receiver size, such as would be the case in solid 

propellant ammunition gun systems. 

Several safety features have been incorporated into t',e NHBP 

gun design. In the event of misfire, the chamber is pur6ed of 

propellant with a JP-4 purge with the bolt closed; the bolt is 

then drawn back and held open. The malfunctioning modt·.le is shut 

down while the other modules in the cluster remain in •Jperation. 
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The NHBPADesign provides certain operational and design 

features which are not available to solid propellant gun systems. 

These are as follows: 

(1 High gun performance can be achieved at relatively 
moderate iun sizes s ince the receivers need not be sized 
to handle large cartridge cases. 

2. Since only the p1•ojectiles are stored and transported, 
the ammunition supply system weight, volume, and power 
requirements are considerably less than comparable per­
formance sold propellant system. (The acid and, in 
son.e cases, t tie N~ pressurizing tank , is s tored in the 
ammunition dr~m internal to the proj ectile storage 
volume.) 

3. The stationery arre ls do not introduce tangential 
velocity compon~nts into the proj e ct ile trajectory. 

4. Rapid accelerati n to f ull fir i ng rate is achieved because 
of the small mass~s that are r otated. If desired, the 
drive cam can be ontinuously rotated wit~ t he hydrauli c 
system locked out o that almost i~stantane ~us full firing 
rates can be achie ed. 

s) 

Variable speed rive can ~e incorporated, permitting 
a variable firi grate. 

The NHBP combination eliminates the propellant explosive 
hazard in the ammunit'on storage system.~ _ 

) 

----
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II. NHBP PHYSICAL CHARACTERISTICS 
AS A FUNCTION OF PEkfORHANCE LEVEL 

• 

A. Gun System Physical Ch~racteristics 
The physical characterist ics of the NHBP gun system and the 

equivalent performance solid propellant gun· syste~ are tabulated 
in Table I ( 20mm bore size; 3300, 380 0 and lt300 ft/sec muzzle 
velocity). The 20mm 4300 ft/sec mu!zle velocity 4-barrel cluster 
is illustrated in Figure~ and the 30mm 3800 ft/sec muzzle velo­
city 3-barrel cluster is illustrated in Figure 8. In addition, 
single NHBP gun modules in each of the above performance levels 
are illustrated in Figure 1, 2, 3, 5, 6, and ·1. 

The physical charact eristics of the NHBP gun system were 
determined from scaling study performed under Contract 
N00123-69C-1928 using the proprietary PSI NHBP gun design as the 
basis for tt.\e study. In order to provide means cif comparison 
between the NHBP. gun design and present conventi.cmal solid pro­
pellant technology, appropriate solid propellant ammunition was 
scaled to equivalent muzzle performance. The M-61 Gatling 1un 
system was then scaled up t ~andle these rounds. Results are 
tabulated in Tables I and II. The method of approach will be 
subsequently discussed. -. 

'l'he advantages attained thr1.1ugh the NHBP approach is evident 
by co~paring specifi c physical c1aracteristics at equivalent pe~­
formance levels in Tables I and I ~.. Of particular interest for 
aircraft gun applic~tions is thew ight characteristics of the 
NHBP gun system. Since the NHBP apP'\oach eliminates the car­
tridge case required in conventional ~lid propellant technology, 

\ 

the NHBP gun receiver is sized only to '~andJe the G.P. projectile 
\ 

and pumping requirements of the propellait.~s. This results in a 
considerable reduction in the receiver siz·~ with an attendant •. 

reduction in overall gun size. Note that a1:•. the 20m."ll level and a 
muzzle velocity of 3300 ft/sec (see Table I), the gun system 
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weight (includes barrels, receiver, drive cam and motor, projectile 
feeder and transfer mechanism) is 237 lb for the NHBP gun, com­
pared to 578 lb for the equivalent performance solid propellant 
case. 

In the NHPB gun, increases in muzzle velocity can be accom­
plished by modifying the chamber length and propellant injector 
mechanism to accommodate the larger quantities of propellant. 
The increase in receiver size (and therefore gun system size) is 
quite modest in'relation to the increase in performance. In 
Table I, the muzzle velocity increase from 3300 ft/sect~ 4300 
ft/sec results in the gun system weight changing from 2~7 lb to 
281 lb, an increase of only 44 lb. Because of the requirements 
for handling a much larger cartridge case, the corresponding solid 
propellant gun system weight changes from 578 lb to 712 lb, or an 
increase of 134 lb. 

At the 30mm level, the weight difference~ between the NHBP 
gun and conventional solid propellant gun systems are considerably 
more pronounced (see Table II). For a muzzle velocity of 2800 
ft/sec, the NHBP gun system weight is 372 lb. Increasing the 
muzzle velocity to 3800 ft/sec results in an NHBP gt· n system 
weight of 512 lb (increase of 140 lb). The corresponding solid 
propi:!llant gun system weight at 2800 ft/sec muzzle velocity is 
1028 lb, and 1813 lb at 3800 ft/sec (increase of 785 lb). 

Elimination of the cartridge case also results in rather signi­
ficant weight reduction in the ammunition supply system and 
ammunition weight. The NHBP system ammunition supply (includes 
storage drum, ammunition conveyor, and the N2 pressurizing tank) 
is sized to handle only the projectile supply and the RFNA tank. 
In the solid propellant gun system, the ammunition storage drum 
must be sized to handle the entire round. For the high performance 
round, such as the 30mm 3800 ft/sec performance level, the solid 
propellant ammunition supply system weight of 1559 lb. and ammuni­
tion weight of 3109 lb (for 1091 rounds) is quite excessive and 
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results in a total system weight of 6141 lb, which is impracti­
cable for present aircraft applications. By contrast, the NHBP 
total system w~ight is 2353 lb for equivalent muzzle performance. 

The advantageous features of the NHBP gun system is also 
reflected in the other significant phys ical paramete rs. Note 
that the volume and er.velope size are considerably less in the 
NHBP case when compared with their equivalent performance solid 
propellant counterparts. For example, at the 20mm 4300 ft/sec 
performance level, th gun envelop1~ is 7. 5 in x 7. 5 in x 9 3 in 
long, the gun system volume is 1.65 ft 3 and the ammunition system 
volume is 6.0 ft 3 . By comparison, the equjvalent performance 
solid propellant gun envelope is 17.7 in x 16.6 in x 143.7 in 
long, the gun sy~tem volume is 5.62 ft 3 and the ammunition system 
volume is 24.8 ft 3. 

B. NHBP Design Study Procedure 
The procedu1·e followed in establishing the physical charac­

teristics of the NHBP gun system are as follows: 
1. for ea~h muzzle velocity, the mass ratio #as established 

for the NHBP combination. For this study, a 4.6/1 and to fuel 
ratio with a measured impetu. of 401,000 ft-lb/lb was used. 

2. At each combination of projectile weight and muzzle velo-
city, the propellant charge size and the chamber length was d~termined. 
The results are tabulated in Table III. 

3. An engineering layout was then made for each bore size and 
chamber length to establish the receiver size. The receiver 
weights were then established from the engineering layouts . 

4. Expansion ratios were then selected at each muzzle velocity. 
(Expansion ratios are based on previous experimental liquid pro­
pellant firings) With the charge size and expansion ratio 
establishea, the barrel length was then determined. The results 
are tabulated in Table IV. 

5. For each bore size and barrel length, barrel weights were 
calculated. In the weight calculation, the following criteria 
were used. 
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a) A wall/radius ratio (barrel wall thic ~ness/bore radius) 
approximating that which is used in the M-61 gun barrel was utilized. 
These are: 

chamber end 
muzzle end 

wall/radius ratio= .96 
wall/radius ratio= .287 

b) In the NHBP gun barrel, the chamber end O.D. was 
extended and maintained constant for the first 40\ of the total 
barrel l~ngth. (In liquid propellant guns, some propellant burning 
occurs down the barrel, thus necessitating heavier barrel sections 
during initial projectile travel.) From that point, the O.D. was 
tapered d~1n to the muzzle end O.D. The resulting barrel weights 
are tabula .ed in Table IV. 

s . At t he 20mm level, the design firing rate of each module 
is 1500 shots per minute. Four modules are clustered together to 
provide a 6000-shot-per-minute firing rate. The physical charac­
teristics of he 20mm and 30mm gun systems, which include the 
clustered gun modules (barre l and receiver) 5 drive cam, drive 
motor, projectile transfer and feeder units, are tabulated in 
Table V. 

7. The ammuni t ion supply system characteristics.which consist 
of the ammunition storage drum and projectile conveyor, was 
det~rmined by scaling up from an exisitng PSI liquid propellant 
ammunition system design. Results are as shown in Tables I and II. 
C. Equivalent Perfo~mance Solid Propellant Gun 

System Scaling P~ocedure 
In order to illustrate the advantages provided by the NHBP 

gun system design, it is desirable to compare the NHBP design with 
equivalent performance solid propellant gun systems. Since there 
does not presently exist directly comparable solid propellant gun 
systems, it was decided to scale up the 20mm M-61 gun to the desired 
performance levels, using muzzle energy as the basis for comparison. 
At the 20mm level, the 6-barrel scaled-up gun system with a firing 
rate of 6000 shots per minute is used and a~ the 30mm level, a 



3-barrel version with a 3000-shots-per-minute firing rate is used, 

The study was performed in two phases: Cl) existing solid propel­

lant ammunition was scaled to the desired performance level; 

(2) the H- 61 gun was then scaled up to handle these various rounds. 

The procedure utilized is as follows: 

1. Solid propellant ammunition with approximately the desired 

performance level (muzzle energy) was selected, 

2. In each of the selected solid propellant ammunition, the 

appropriate general pur pose projectile was substituted for the 

standard projectile. Corrections were made for the propellant 

volume change due to use of the G.P. projectile. Each round was 

then scaled to provide the desired performance level. Table VI. 

illustrates the solid pr ~pellant ammunition characteristics. 

3. The 20mm M-61 gun system (gun and ammunition supply 

system) is then scaled up to handle each of the scaled solid 

propellant rounds. Factors used for scaling the M-61 gun were 

based on the round length, diameter and weight ratios between the 

scaled-up solid propellant ammunition and the M-55 ammunition 

used in the M-61 gun. Results of the M-61 scaling are tabulated 

in Table VII. 
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III. SAFETY ASPECTc OF THE NHBP GUN SYSTEM 

The use of the NHBP propellant system affords several 
advantageous safety features which are not generally associated 
in present solid propellant systems. Each of the NHBP components, 
JP-4 and RFNA, are non-explosive. JP-4 is already present in 
aircraft fuel systems. RFNA, properly packaged and handled, can 
be arranged to be of minimum hazard. The primary advantage of 
this propellant system is that it is not a propellant until the 
components are injected and mixed 'n the chamber of the NHBP gun. 
Therefore, the hazard due to e=q>losion caused by fire or battle 
damage to the ammunition supply is reduced to a minimum. 

The use of RFNA aboard aircraft requires special procedures 
and technique to reduce handlit1g hazards. For exa1.~r,1e, complete 
pre-packaging and the use of zero leakage-quick disconnect fit­
tings are desirable. RFNA storage tanks can be arranged to be 
jettisoned in the event of puncture due to battle damage. 

In the design of the NHBP gun, the propellants are injected 
into the chamber through the bolt mechanism. Therefore, the 
propellant supply mechanism is thermally isolated from the hotter 
chamber except for the short interva (20 - 30 milliseconds) 
during which the propellant is injected and the gun is fired. The 
barrel is mounted to the receiver, using insulators to provide 
thermal isolation. In general, the design is directed toward 
isolating the hot chamber and barrel away from the remainder of 
the gun components. 
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TABLE I 

COMPARISON OF EQUIVALENT PERFORMANCE LIQUID & SOLID PROPELLANT 
20mm -GUN SYSTEMS WITH GENERAL PURPOSE (2320 GR.) PROJECTILE 

Muzzle Velocity (ft/sec) 3300 

NHBP (Liquid) 
Gun System 

3800 4300 

Solid Propellant Gun 
Systems (Based on 
scaled-up M-61) 

3300 3800 4300 

I 

Muzzle Energy (ft/lb.) 56,000 74,200 95,000 56,000 74,200 ! 95,000 

Gun Arrangement 

Rate of Fire (shot/min) 

Ammunition Type 

4-barrel Cluster 

6000 

NH P NHBP NHBP 

Sea.led 
up 
Hs--e 20 

Gun System Wt* ( lb. ) 2 7 . 6 252.8 281.?, 578 
Ammunition Supply 

System Wt** (lb.) 
Total System Wt (w/o amrno)(lb.) 

munition Wt (1091 rds) (lb.) 
Total System Wt Cw/ammo) (lb.) 

Gun System Volume (cu.ft.) 
Ammunition System Vol. (cu.ft.) 

Gun Envelope 

1 24 

361.6 

454 

815.6 

1. 24 

4.9 

Max. Height 
Max. Width 
Overall Lengt ._ 

(in) 7.5 
(in) 7.5 
(in) 67.8 

Ammunition Crum Envelope 
Diameter 
Lenath 

(in) 20.75 
C in) 2 3 

Power Requirements (hp) 
(based on est. force · req'ts) 32 

124 

376.8 

494 

870.8 

1.41 

5.1 

7.5 
7.5 

79.l 

20.75 
23 

36 

133 

414.2 

551 

965.2 

1.65 

6.0 

7.5 
7. 5 

93 

22.75 
23 

40 

•Includes barrel, receiver, cam, motor9 f~eder, transfer 
••storage drum, N2 Tank, conveyor 

(l)Doea not include transfer unit 
(2)Drum volume only 

·' 

539 

1117 

906 

2023 

17.0 
16.0 

106.9 

27.7 
50 

6 Barrels 

6000 

Scaled 

Necked 
down 
'tRW6425 

up & 
necked 
down 
TRW642 5 ' 

589 I, 712 
I 1 

575 679 

1164 l 1391 
1145 11364 

2309 12755 

16.7 
15.8 

115.6 

27.3 
61 

I 

I 

1
17. 7 
16.6 

\143.7 

28.8 
66 

I 



TABLE II 

COMPARISON OF EQUIVALENT PERFORMANCE LIQUID & SOLID PROPELLANT 
30mm ·GUN S Y S TEMS WITH GE NERAL PURPOSE (7200 GR.) PROJECTILE, 

Solid Propellant ~un 
NHBP (Liquid ) Systems (Based on 

I 
Gun System scaled-up H-61) 

I 

Muzzle Velocity ( ft / s c ) 2800 3300 3800 2800 3300 3800 

Muzzle Energy ( ft.lb .) 
I 

125 , 000 
I 

174 ,00 0 231 , 000 1~5 ,000 174,000 231,00 0 

Gun Arrangement I 3- barr 1 Clus 3 Barrels 

R.ite of fir ( sh t /min ) ' 3000 3000 I 
' Scaled ' 
I up & 

I Scaled neck 
u,.p down 

0 rli - Oerli- Oerli-
Ammunition Type H p · NHB tlli kon 304 kon 304:, )con 35 

Gun Sys t e■ Wt* (1 . ) 7 . 4 44 2 l 511.9 855 113 9 llt73 
I 
I 

Ammunition Supply I 
System Wt ** ( 1 . ) 113 313 I 31 1005 141 5 1 559 

tal Sys t em Wt (w/ o ammo ) ( lb .) 8 . 4 75 5 824.9 186 0 2554 3032 

Ammunition Wt ( 10 91 rds ) (l b .) 1 15 141 152 8 22 00 2650 310 9 

Tota l System Wt Cw/ammo ) ( lb .) 20 00 .4 215 8 2352 .9 4060 5204 6141 

Gun System Volume ( cu . ft .) 4. 26 4, 32 5 . 62 6.76(l, 9.6cl 14.4( l)J 

Ammunition System Vol. ( cu . t . ) 14. 6 14.6 15 . 0 40.6(2 53,0(2 66. 6 { ~ 

Gun Envelope I 
Max. Height ( in ) 11 . 2 11. 2 11.2 21.7 23. 5 25.4 I 

I Max. Width (i n ) 11. 2 I 11.2 11.2 21 22.5 24 
0·,1erall L ng~h ( in ) 70 .4 I 9 3 . 3 112.4 86. l 116.7 163.4 

Ammunition Drum Envelope 
I Diameter ( i n) 30 30 30 35.4 38.3 41.3 
I 

l Length (in) 34.S 34.5 3 '4 • 5 71.&+ 79.5 86 

I 
Power Requirements (hp) 
(based on est. force req'ts) 48 Sa+ 60 

*Barrel, receiver, cam,motor,feeder, transfer 
••storage Drum, N7 Tank, Conveyor 

(l)Does not include ~ransfer unit 
(2)Drum volume orly 

·.,. 
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