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FIGURE 1. 

. . . In: accordance with the present launching system, a. 

United States Patent Office --- 3,132,562 
Patented May 12, 1964 

- 3,132,562 
LAUNCHNG SYSTEM FOR ROCKET 

DRIVEN DEVICES ? ? ? ? ????? 
... Ludo K. Frevel, Midland, Mich., assignor to The Dow 

Chemical Company, Midland, Mich, a corporation of 
Delaware 

Filed May 16, 1961, Ser. No. 110,536 
2 Claims. (C. 89-1.7) . . 

This invention relates to a launching mechanism and 
more particularly is concerned with a system for launch 0 
ing rocket driven vehicles utilizing compressed low mo- - 
lecular weight gases as an accelerating medium for the 
launching device. 

... It is a principal object of the present invention to pro 
vide a system for the launching of rockets and missiles 
which does not depend on a chemically fueled first stage. 
rocket. 
. It is another object of the present invention to provide 
a launching means for missiles and rockets which pro 
vides, a uniform acceleration thereby preventing unde 
sirable sudden stresses on the missile or rocket struc 
ture or housed instruments and equipment. - 

It is a further object of the present invention to pro 
vide a means by which launching is not affected or de 
layed by weather conditions and wherein the missile or 
rocket virtually cannot be subjected to sabotage during 
the launching operation. - - 

It is an additional object of the present invention to 
provide a launching system wherein there is a storage 
reservoir of potential energy within a single unit for a 
large number of launchings. 

It is also an object of the present invention to provide 
a launching means wherein there is no rusting, scouring 

its on the walls of the launcher tube. 
These and other objects and advantages will become 

apparent from the detailed description presented here 
inafter and by reference to the accompanying drawings. 

In the drawings- - 
FIGURE 1 is a schematic view of one embodiment of 

the launching system. . 
FIGURE 2 is a schematic view of a second embodi ment of the launching system wherein the gas storage 

. . . system has been modified from that shown in FIGURE 1. 
FIGURE 3 is a schematic cross section looking down 

ward at the valve position of an accelerator tube and 
- high-pressure gas storage tanks utilized in the embodi 
ment of the launching system shown schematically in 
FIGURE 4 is a fragmentary schematic side view, part 

* lý in section, of the accelerator tube and one of the gas 
storage tanks shown in FIGURE 3. 
3 FIGURE 5 is a view of a valve assembly used between 
a given stage of the accelerator tube and a correspond 

: ing section of a storage tank taken along lines 5-5 of 
a FIGURE 4. . . - 

FIGURE 6 is a schematic side view, partly in section, 
- of the top section of the accelerator tube shown in FIG 
URE 3. . . . . . 

FIGURE 7 depicits a 
the gate-valve assemblies. 

control means for activating 

rocket or rocket driven missile is introduced into a par 
tially evacuated multistage launching accelerator tube. 

* Compressed gas of pressure sufficient to accelerate the 
rocket and heated to a predetermined temperature is in 

25 

30 

or build up of combustion product and chemical depos 
35 

40 
FIGURE 6 comprises a removable, e.g. explosive actu 

2 
pressure is introduced into the tube from the second 
section of the pressure chamber thereby exerting a still 
greater force on the rocket and promoting its accelera 
tion. This procedure is continued through a predeter 
mined number of stages using the compressed gas in each 
stage at a higher temperature than for the preceding stage 
until the rocket or missile exits from the accelerator tube at a predetermined velocity. 
One preferred system for carrying out this method 

of launching is that shown in the accompanying draw 
ings 1 and 3-7. In this depicted embodiment of the 
launching mechanism, the accelerator tube is surrounded 
by ten gas storage chambers extending substantially 
the length of the accelerator tube. These gas stor 
age chambers are separately joined to the accelerator at 
each stage by individual conduit and gate valve means. 
Alternatively, as shown in FIGURE 2, the gas is stored 
in a suitable natural repository and fed through a mani 
fold system into the accelerator tube. 

20 The accelerator tube, as fabricated, is of precision 
smooth bore and is kept rigid and positioned by the ten 
gas storage chambers surrounding it and joined to this 
tube. In underground installations, the free space be 
tween the gas storage containers and the accelerator tube 
preferably is filled with low-density, non-dusting, fire 
proof granular pellets of materials such as vermiculite, 
diatomaceous earth, mica, asbestos and the like. In the event that hydrogen is employed as the driving gas in 
such installations, a continuous nitrogen purge is main 
tained downward through the shaft containing the ac 
celerator tube, and connected gas storage chambers to 
exclude all air from around the hydrogen storage tubes. 
At the bottom of the first stage of the accelerator 

tube is a vacuum lock through which rockets and missiles 
are transported from the missile storage area to the evac 
uated launching position. 
The tube near its bottom also contains a Went system 

for removal and purging of excess gases after a launch ing. . . 
The top section of the accelerator tub?, as shown in 

lated dome 10, gate valve assembly 11, connections 12 to 
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tioned at equal intervals around the top flange 16 of the 

60. 

anism. Further, as is shown in FIGURE 4, each of 

65 

itroduced into the bottom of the first stage of the ac 
“? celerator. tube where it exerts an upward driving force 

on the rocket and moves it upward to the next stage. 
As the rocket enters this stage more compressed gas, at a 70 
-somewhat higher temperature and correspondingly higher 

vacuum turbines (not shown) and alignment screw as 
'semblies 13. The gate valve 11, when in closed position 
permits evacuation of the main part of the accelerator 
tube 14 through a multiplicity of connections 12, e.g. 
about 50, in number, to vacuum turbines (not shown). 
The actual joining of the tube connections to the turbines is accomplished through double-seal high-pressure flexible 
connections 15. The dome 10 is held to the top flange 
16 of the tube by separately evacuating this portion of 
the system through connection 17. A flexible O-ring 18 
is inserted between the dome 10 and the flange 16 to 
insure a good seal. • 

Three precision-alignment screw assemblies 13 posi-. 

tube provide an aiming means. 
Each of the gas storage vessels is divided internally 

into sections (one of which is shown in FIGURES3 and 
4) and each section is equipped with a valving mech 

these vessels is fitted with tungsten arcs in the upper por 
tion of each section near the conduit leading to the valv 
ing mechanism- and accelerator tube. 
the gas pressure vessels are designed to correspond to 
the stages of the accelerator tube. The sections of the 

The sections of 

pressure vessels also are fitted with highly polished stain 
less steel reflector linings which act as radiation shields 
and prevent heating of the walls and body of the gas 
storage vessels. . ... " ... 

The valve system utilized in the present embodiment 



is a slot valve type, activated by a number of compressed 
springs as shown in FIGURE 4. One section of the valve 
is shown in FIGURE 5. In operation, at the predeter 
mined time for introducing the compressed gas into a 
given stage of the accelerator tube, the first electromag 
netic trip releases the retaining bar for the number of 
compressed springs of the valve at the corresponding con 
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duit. The expansion of the springs forces the gate open. 
The ends of each of the shafts holding the springs, when 
the valve is in open position, each contact the end of a 
piston maintained in position by a second electromagnetic 
trip. As the rocket or missile passes to the next stage, 
the second trip is released and a set of pistons, which mate 
with the end of the shafts holding the springs of the gate 
valve, strike the shafts thereby compressing the springs 

O 

5 
of the valve and closing the conduit opening. The first 
electromagnetic trip is then engaged to secure the valve 
in the closed position. In the particular launching system 
shown in the drawings, at each stage there are 10 gate 
valves, one for each of the gas storage chambers. 

Advantageously, to insure a more perfect seal, the valve 
gate can be bonded to the valve housing by a low melting 
material, such as gallium metal for example. This seal 
ing means itself is frozen or melted as desired by passing 
a suitable coolant or heated fluid through the passage 
adjacent the seal. 

All missile loading, chamber evacuating and valve trip 
ping and activation operations are carried out precisely 
and automatically. Conventional electronic, electromag 
netic, radio wave and similar control systems can be em 
ployed in the automatic control systems. One particu 
larly effective means of automatically tripping the gate 
valve assemblies is shown in FIGURE 7. In this system. 
a collimated y-source, such as cobalt 60, and a detector 
are mounted on the wall of the accelerator tube, as shown, 
at a predetermined position in a given stage. As the nose 
of the rocket intercepts the beam of radiation from the 
cobalt 60, this interruption is sensed by the detector. This 
detector, in turn, in conjunction with a second level de 
tector (not shown) and suitable computing and calibrating 
control Systems shows the velocity and position of the 
missile as a function of time. This information is then 
fed to conventional electronic, electromagnetic, radio or 
other similar relay mechanisms which in turn activate the 
electromagnetic releases thereby tripping the gate valves 
of the next successive stage of the launching tube and 
closing the gate valves of the stage through which the 
rocket has passed. 
The materials of construction for the accelerator tube, 

gas pressure vessels, valves and the like will be selected 
from those metals and alloys which are relatively corro 
sion resistant, possess the requisite structural strengths 
and can be successfully fabricated. Particularly useful 
construction materials are the chromium containing stain 
less steels, nickel, nickel-alloys, Stellite alloys and the 
like. V- 

The gas used as the accelerating medium is to be chosen 
from the low molecular weight gases which exhibit low. 
viscosities. Preferably, either high purity hydrogen or 
helium will be used either alone or as a mixture. Advan 
tageously the gas will be of high purity to eliminate there 
from impurities of more viscous gaseous materials. 

Hydrogen because of its ready availability and exceed 
ingly low molecular weight is the most desired accelera 
tion medium to be employed. In a highly compressed 
state, therefore, hydrogen can act as a powerful spring 
with a minimum of inertia. Further, the molecular ve 
locity of the hydrogen readily can be kept at a consid 
erably higher velocity than that of the missile at any 
given point as the missile accelerates upward through the 
tube. This is achieved by heating of this low molecular 
weight accelerating gas in each of the ascending sections 
of the storage vessel to a successively higher predeter 
mined temperature than the gas in the stage directly below 

20 

25 

30 

35 

40 

45 

4 
it and introducing the so-heated gas into the correspond 
ing stage of the accelerator tube. 

Another advantage achieved with the use of hydrogen 
gas is the fact that it can easily be generated directly at 
the launching site. For example, the rapid thermal cata 
lytic decomposition of ammonia will yield a mixture of 
nitrogen and hydrogen from which mixture the hydrogen 
rapidly can be separated by a cyclic adsorption process. 
Any electrochemical source of hydrogen in close prox 
imity to the launching site also is a ready source of the 
gaS 
The reserve supply of the gas is stored in long tubes 

extending outwardly from the pressure chambers as 
shown in FIGURE 1. Alternatively, in certain locations, 
salt domes and the like formations as shown in FIG 
URE 2, can be utilized to store a sufficient quantity of 
compressed hydrogen to provide enough energy to propel 
as many as 100 or more missiles without the necessity of 
recovering any of the hydrogen after each firing. 
The following example will serve to further illustrate 

the instant method of launching utilizing the new and 
novel system as set forth hereinbefore. For illustrative 
purposes, an 11 stage accelerator tube and ten gas pres 
Sure vessels can be installed in an excavation shaft about 
6400 feet deep. The accelerator tube can be about 8 feet 
in diameter to accommodate a correspondingly sized 
rocket and the gas storage vessels also can be about this 
same size. - - 

The gate vales from the pressure tanks to the accelerator 
tube at the various stages each will have an opening of 
about 3inch width and about 20 feet long. 
The selection of this particular length of accelerator 

tube is arbitrary in that with this particular system steady 
and rapid acceleration of the rocket to an exit velocity 
of about 6400 feet per second is readily achieved. This 
velocity is about the same as that achieved with the 
chemically fueled first stage presently used in the larger 
rockets. 

In carrying out the launching, the gate valve 11 in the 
upper portion of the accelerator tube is closed. Fifty 
large vacuum pumps, one each affixed to one of the 
double-seal high-pressure flexible connections leading 
from the tube are then used to evacuate the accelerator 
within about 15 minutes to an absolute pressure of about 
10 millimeters of mercury. Simultaneously, the remov 
able dome is fastened to the top flange of the accelerator 
tube by evacuation of this section through connection 16. 
Advantageously, the assembly is suitably dampened to 

50 eliminate mechanical vibrations generated during the 
evacuation process. After the evacuation is complete, 
the gate-valve 11 is automatically opened prior to load 

55 

ing the missile in the vacuum lock at 
accelerator. 
A rocket of about 110,000 pounds total mass, i.e. about 

10,000 pounds payload and about 100,000 pounds weight 

the base of the 

for the second and third stages including both fuel and 
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Structure is then inserted, through the vacuum lock, into 
the bottom of the accelerator tube at stage 0. 
The tungsten arc heaters in the various sections of the 

Pressurized gas storage tanks are activated to heat the 
hydrogen gas contained therein to a predetermined tem 

65 

perature of about 100° C. at stage 0 and to an increasing 
temperature for each of the succeeding stages up the tube 
to a maximum temperature of about 1100° C. at stage 
10. This heating is accomplished within a period of 
about 5 minutes prior to the rocket launching. 
At the predetermined launching time, the gate-valves 

at stage 0 of the 10 hydrogen pressure chambers are 
70 

75 

opened simultaneously, i.e. within about 0.01 sec. thereby 
introducing into the accelerator high pressure hydrogen 
at a temperature of about 100° C. This gas exerts a pre 
determined force of about 1520 pounds per square inch 
against the rigid nozzle structure of the rocket. As the 
rocket is raised to stage 1, the 10 gate-valves at this posi 
tion are opened whereby hydrogen of an increased tem 
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perature and pressure is introduced into the tube thereby 
accelerating the rocket to the next stage. As the valves at 
stage 1 are opened simultaneously those at stage 0 are 
closed. This process is repeated stage by stage until the 
rocket passes stage 10. As the rocket approaches stage 
11, i.e. the exit, the dome covering the exit is rapidly re 
moved, e.g. as by an explosive charge just prior to the 
time the rocket exits from the tube. Table 1 which 
follows lists the rocket position as a function of time 
during its passage up the accelerator tube. 

Table I 

Accelerator stage t.sec. ft.fsec. H2/C. 

S LLS SSS SLSSSLSSLSSSSSSLSSSSS SSSS SSSSSSSSSSSSSSSSLSSSSSSSS 0.100 16 100 

.200 64 

.300 44 
400 256 
500 400 

qSqSLS MSSSLS LSL S SLSLSLS SLSLSLSSSqSSSSLSSSSSSLSSqSLLSS LSLSLSSSMSSSLLSLLSLMS e qLSqe0SMeS0LS LSSLS S SLSSL SLLSLS S LAL S 600 576 250 

700 784. 
800 1,024 
900 1,296 400 

1.000 1,600 
1.100 1,936 500 
1.133 2,054 
1.266 2,564 550 
1.400 3,136 600 
1,500 3,600 700 
600 4,096 800 
700 4,624 900 

1.800 5,84 1,000 
1.900 5,776 1,100 

Second stage rocket motor take 
2.000 6,400 vehicle exits from launcher.----------- 

. As the rocket leaves the launcher, a quantity of the 
hydrogen gas will be vented to the atmosphere before 
the top gate-valve can be closed. However, that portion 
of gas retained in the accelerator tube after reclosing the 
valve can be pumped back to storage until the pressure 
in the accelerator reaches a value of about 1 atmosphere. 
As this pressure is reached, the tube is evacuated and the 
remaining hydrogen vented from the system so as to 
prevent any possible air contamination of the working 
gaS. 
To uniformly accelerate the 110,000 pound rocket 

within about 2 seconds from zero velocity to about 6400 
feet/second requires power generation of about 3.5x100 
foot pounds per second. This is equivalent to about 
4.74x10 kilowatts. This supply of energy mechanically 
is obtained in the instant launching system by compressing 
about 400 million cubic feet of hydrogen gas from about 
15 p.s.i.g. to about 2000 p.s.i.g. The so-compressed gas is 
stored in the pressure tanks and about 10 percent of the 
potential energy contained therein is released within 2 
seconds into the evacuated eleven stage linear accelerator 
as shown in FIGURE 1. 
The total power required for compressing of the gas 

and evacuating the accelerator tube ranges from about 
1.88x105 to about 3.1 x 105 horsepower. The heating 
load required to heat the hydrogen in the pressure vessels 
to the predetermined temperatures for the various stages 
is about 2.20x106 kilowatts. 

In this method of launching during the initial accelera 
tion the nozzle structure of the rocket is subjected to high 
pressures. Therefore, the nozzle and rocket body must 
be of a rugged structure to withstand the external pres 
sures. The necessary strength can be incorporated into 
the rocket structure by use of conventional ribbing, struts 
and the like strengthening members. Additionally, the 
internal structure of the rocket itself can be comprised of 
tubular magnesium or other readily oxidizable structural 
members. These latter members offer the advantage of 
not only imparting the necessary strength to the structure, 
but also are consumed as a fuel during the firing of the 
second and third stages. The nozzle exit of the rocket is 
fitted with a rejectable plug to protect the nozzle during 
the launching. This plug is pushed from the nozzle by 
the exhaust gases as the chemical fuel of the second stage 
is ignited. 
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6 
... Although one embodiment of the launching apparatus 
and method of launching has been shown herein, it is 
understood that the size and length of the accelerator tube 
and its allied gas storage and pressure vessels can be varied 
as dictated by the size and weight of a given rocket to be 
launched. The launching system also can be modified to 
obtain launching velocities either higher or lower than 
shown for the illustrative example presented herein. The 
number of stages can be varied from that set forth and 
the mechanism of introducing the gas into the accelerator 
tube can be varied. Further the number of presssure 
storage chambers for the gas can be changed as desired 
for a given launching system. Additionally, it is under 
stood that a suitable camouflage cover can be provided 
to disguise the location of the launching system. These 
and other modifications can be made in the instant inven 
tion without departing from the spirit or scope thereof for 
it is understood that I limit myself only as defined in the 
appended claims. - 

I claim: 
1. An underground apparatus for launching rocket 

driven vehicles including said vehicle which comprises; 
a multistage, rigid, smooth-bore, evacuable accelerator 

tube, said tube being positioned vertically under 
ground with its upper end at about ground surface 
level and having a flange at its top, said accelerator 
tube having a gas vent system near the bottom for 
removal and purging of excess gases from said tube 
subsequent to a launching of said vehicle, 

a vacuum lock attached to the bottom of said acceler 
ator tube for holding a rocket driven vehicle to be 
launched whereby said vehicle is introduced into said 
accelerator tube, 

a multiplicity of gas storage vessels surrounding said 
accelerator tube, each of said gas storage vessels 
being substantially the same length as said accelerator 
tube, each of said gas storage vessels divided in 
ternally into sections corresponding in length to the 
stages of said accelerator tube, each of said gas stor 
age vessels containing a compressed, low molecular 
weight gas selected from the group consisting of hy 
drogen, helium and mixtures thereof and each of said 
sections of said gas storage vessels fitted with a 
tungsten arc heat producing device in its upper por 
tion, 

an individual conduit leading from each section of each 
of said gas storage vessels to a corresponding stage 
of said accelerator tube, each of said conduits po 
sitioned near said tungsten arc producing device, and 
each of said conduits having an automatic valving 
mechanism therein, - 

a first columnated y-source and detector mounted on 
the wall of said accelerator tube at a predetermined 
position in each stage of said tube, a second detector 
mounted at a second position in the same stage on 
the Wall of said accelerator tube, said detectors con 
nected to activating mechanisms whereby the valving 
mechanism of the next successive stage of the ac 
celerator tube is opened and the valving mechanism 
of a given stage is closed as said vehicle passes there 
through, 

a gate valve assembly in the top stage of said acceler 
rator tube, a multiplicity of connectors in said top 
stage below said gate valve, said connectors joining 
said accelerator tube to vacuum turbines, 

a removable dome attached to the flange at the top of 
said accelerator tube, a connector between said flange 
and said gate valve whereby the interior of said dome 
and said accelerator tube above said gate valve is 
evacuable, and 

precision-alignment screw aiming assemblies positioned 
at equal intervals around the top flange of said ac 
celerator tube. 

2. The apparatus as defined in claim 1 wherein there are 
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10 sectionalized high pressure gas chambers located equi- 2,872,846 Crozier ---------------Feb. 10, 1959 
distantly around the accelerator tube. 2,953,065. Brown. --------------- Sept. 20, 1960 
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