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A Letter from the President

Last year, in the final RRS News issue for 1995, I wrote an open letter to the membership to
recap the Society’s growth, changes, and accomplishments for that twelve month period. I
can remember being genuinely pleased, at the time I wrote it, with the advances the RRS
had made in so many areas. We had corresponding members in far away places building
hardware to bring to the MTA to fire. We had successful liquid rocket static tests and
launches. We had successful solid propellant static tests and launches. We had more work
parties than I care to remember - and under less than comfortable conditions. The facilities
at the MTA had been improved more in that 12 month period than they had in the previous
20 years combined. Morale was at an all time high, there were more members than there
had ever been, enthusiasm was unbridled, and there was an "electricity" flittering about in
many areas of the Society like a bolt of Saint Elmo’s Fire. It was marvelous ..... It was
exhilarating ......It was inspiring .....It was magnificent .......It was nothing compared to this
year !

If 1995 started off with a bang, 1996 began with a nuclear detonation. By the first week in
February, the MTA had already seen several rocket launches and one large liquid rocket
static test. In March, a long awaited event occurred. The RRS began a formal class in
composite solid propulsion. The first ten "students" were experienced RRS members who
would critique and improve the course. The first real students took the class in April and it
was an unbelievable success as they worked for three days under the watchful and helpful
eyes of their instructors. So many people wanted to take the class that a second one was set
up for June. In setting up and conducting this class, the RRS had utilized its unique exper-
tise and facilities to offer an unparalleled educational opportunity to those who wanted to
attend.

By the end of May, 50 more yards of concrete had been poured at the MTA. During that
particular work party, we almost had a traffic jam of concrete trucks as empty ones left and
full ones came in. Three new launch pads were complete, the foundation for a new building
was done, the forward abutments for the new vertical test stand (VTS) were poured, the
water tower was moved, the walls went up on the new Solid Propellant Processing Area
(SPPA), and four new work benches were built and installed in the SPPA bays. Two heavy
duty pylons were installed on one of the new launch pads for a pivoting 40 foot launch
tower. Another new door was installed on the outhouse. Porches were added to the block-
house and cast concrete benches were built and set up on them. A new floor was poured in
the blockhouse and the outside was repainted. The north blockhouse window was enlarged
to accommodate a swamp cooler. Can you imagine that ? An "almost air conditioner"
installed at the MTA. It was more than one could believe.

The second class of students reported for duty at the MTA in June and the second propul-
sion course was even better than the first. In August, Brian Wherley and I met a delivery



driver with a huge truck full of steel in Mojave. Another long awaited event was about to
occur. We led the driver out to the MTA and, after a brief panic when the truck couldn’t
negotiate the turn off Munsey Road and onto Range Road, pulled into the area between
the bunkers and the compound. In less than an hour, we had unloaded the biggest "erec-
tor set" I’d ever seen. Over two tons of "do it yourself" building parts lay in piles all
about us .... and over 5,000 nuts and bolts in buckets. Not two weeks later, in the blinding
heat that only the Mojave can generate, more than 20 RRS members worked for three
days to erect the new building. Over two and a half times the size of the old quonset hut
and set on a concrete foundation, it quickly became the living quarters, workshop, assem-
bly area, and shelter from the harsh environment of the Mojave many of us have always
wanted to see at the MTA. It was a sight to behold!

After a few weeks rest, a cast of thousands (this is a little bit of hyperbole, but there were
a hell of a lot of people there) showed up at the MTA for the September f’n-ing. Liquid
oxygen and HTPB hybrid rockets, miniature nitrous oxide and paper hybrid rockets, zinc/
sulfur rockets, black powder rockets, composite rockets, and Estes rockets all showed up
in force with their builders. It was a lot of rocketry mixed with a little pandemonium, but
it was, overall, an excellent event. For me, it was reminiscent of the RRS firings I at-
tended in my high school days where a considerable number of rockets and a tremendous
amount of energy met in a confluence of excitement. And it was good to see Boy Scouts
and other youngsters there. The educational value and excitement of what we do in
amateur rocketry should not be limited to just us "old timers", for it has a tremendous
power to enthuse young minds to learn.

The last part of 1996 was to see a couple of events that were undoubtedly without equal
in the annals of amateur experimental rocketry. George Garboden and a few other RRS
members would static test and then successfully flight test an unbelievable composite
propellant rocket. Too large to fly at the MTA, this small group would venture to the
great Black Rock Desert of Nevada in late November to launch a video camera equipped
ballistic dart to a remarkable altitude. The trip was difficult and exhausting. The weather
was threatening and contrary. Conditions were often miserable. Technical problems
almost caused the launch to be canceled at the very last instant. But when the moment of
truth came at high noon on the 23rd of November, the liftoff was perfect. All who were
there were awestruck by the speed, power, and sound. And as I turned around to see
Mike Henkoski tending his video gear, I looked at the television monitor just in time to
see an ink black sky above a thin blue layer of atmosphere hugging a pronouncedly
curved earth horizon .......... space.

NASA’s definition of "space" is 50 miles above the earth. The 14,000 pound thrust
booster and the dart it propelled had the potential to reach just beyond that altitude. The
predicted burnout velocity of just over Mach 4 had been attained and verified by Doppler
radar. As I write these lines, the video imagery captured from the flight is still being
analyzed. But to those of us who watched the video real time, we know the vehicle



reached the threshold. Whether the final altitude number is 47 miles or 53 miles, a
rocket built and launched by RRS members had flown successfully to the "edge of
space" and the payload had been recovered intact ......Not bad for a bunch of amateurs,
eh?

And so ended the year 1996. It hadn’t been all good though. George Dosa had gone
into the hospital at the beginning of March and didn’t get out for 8 months. The situa-
tion was often grave, but he fought his way back one step at a time. And for all the
great accomplishments of the Society and its members in 1996 - the construction, the
firings, and even the flight at Black Rock, the high point of the year, for me, was seeing
George come rolling into the RRS Christmas party and asking me not to tell his wife,
Ann, he was eating brownies. And it was all the more gratifying because I knew how
many members had visited, written, and called to help George along a difficult road.

It is, perhaps, that camaraderie that I am the most proud of. Many gave of their time,
effort, money, and knowledge to help one another. In shops and garages, in desert heat
and bitter cold, in the noisy banging of a work party, or in the quiet of a hospital room,
they came. That help, offered by those who had plenty of other important things to do
in their own lives, but who came to lend a hand anyway, is always the heartfelt kind. I
could not have imagined the accomplishments made by the Society in 1996. I can’t
wait to see what the hell we end up doing in ’97.

Sincerely,

D. Crisalli
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700 MILES NORTH....AND 50 MILES UP?

by David E. Crisalli

The Beginning

Over the years, I have been involved with many
amateur experimental rocket launches. Solid
propellant, liquid propellant, large or small, they
are all unique, educational, exciting, and ex-
hausting. But the story I am about to relate is,
without question, one of the most remarkable
events in the history of any non-governmental
rocket project. So much technical effort, sweat,
logistical planning, rocket propellant, and steel
went into this launch that I am still amazed at
how well it all fell into place.

In late November of 1996, a small group of
Reaction Research Society members were about
to embark on an adventure far away from their
traditional testing grounds in the Mojave Desert.
Seven hundred miles to the north, traveling
independently or in small groups by almost
every means of transportation except submarine,
several of us were about to converge on a single,
desolate spot in the center of the vast Black Rock
Desert of Nevada. We would bring with us a
rocket designed, built, repeatedly static tested,
and readied for flight in just nine weeks. Along
with the flight vehicle would come a one and a
half ton, 30 foot tall launch tower, ground han-
dling carts, a dopier radar, propellant processing
equipment, curing ovens, generators, welders,
hand tools, computers, and enough nuts, bolts,
wire, fittings, hoses, pipes, ladders, lumber, rope,
chainfalls, and hand trucks to open a fair sized
hardware store. And finally, designed and built
in the last week and a half before the launch, was
the remarkable payload that was about to suc-
cessfully reach the edge of space.

The story really begins in mid September of
1996 when George Garboden, assisted by Niels
Anderson, Chip Bassett, Craig Tang, Randy
Thompson, and myself, began the design and

initial propellant characterization for a 14,000
pound peak thrust solid propellant rocket motor.
Based to a large extent on the work done earlier
by George and Niels in developing the much
smaller motor used in the RRS solid propulsion
course, this motor would be a quantum leap in
size. Nine inches in diameter, twelve feet long,
and containing 230 pounds of propellant, it
would produce a peak thrust of 14,000 pounds
for a burn time of 4.5 seconds and would gener-
ate over 56,800 pound-seconds of total impulse
at a delivered specific impulse of 247 seconds.
As near as I can tell, this would be an "R" or an
"S" motor by High Power Rocketry standards.

George began the work by modifying a formula-
tion of the aluminized ammonium perchlorate/
HTPB propellant he and Niels had developed for
the propulsion course motors. The manufactur-
ing technique they had developed allowed the
propellant to be prepared in the field and pro-
duced excellent quality, high performance
propellant grains in just several hours without
vacuum mixing or casting. Starting with
subscale, five inch diameter test grains and their
associated thrust chamber hardware, propellant
characterization tests were run to determine the
optimum formulation and processing method for
the much larger grains required. More than two
dozen subscale tests were run soon after the start
of the project. From the data generated, an eight
segment "Bates" (nearly neutral burning) grain
design was generated for the full size motor.

To avoid the difficulties associated with meeting
all the local, state, and federal requirements for
transporting mixed propellant, the motor was
designed to be field processable with no facilities
or elaborate infrastructure. "Field Processable"
was defined as building up the booster from
component parts shipped disassembled to the
launch site. This included being able to manu-



Left Propellant characterization testing was
conducted withsubscale 5-inch diameter hard-
ware. Here, George Garboden installs the test
article in the static test stand at the MTA.

Above - A hot fire test of the 5-inch hardware.



facture the propellant grains on site from con-
stituent materials and loading the motor just
prior to launch - and all in less than 48 hours.

Since the propellant grains required for the flight
motor would be much larger than the two and a
half inch diameter grains used in the course
motors, new field portable mixing and curing
equipment was designed and built. Appropri-
ately sized grain processing tooling was also
built along with several sets of "single grain" test
motor hardware. The single grain motors would
be the next phase of development for the flight
motor design. These single grain units would
use a flight type motor case, bulkhead, and
ignition system. However, the case was short-
ened to accommodate only one of the eight
propellant grains that would be used in the full
length motor. Correspondingly, the nozzles
fabricated for these units were not the same as a
flight nozzle, but had throat diameters sized to
generate the same chamber pressure that would
be seen in the full scale motor. With the same
chamber pressure and grain geometry, single
grain testing would very closely represent the
behavior of the propellant in the full length
motor.

A total of six single grain tests were run (five in
one test day) with slightly different propellant
formulations. Burning rate, specific impulse,
and ignition characteristics were determined
from these tests. Initially, some interesting
anomalies were encountered with the ignition
system design. After some modifications, the
ignition components and the final propellant
formulation were selected. Within two weeks,
full scale motor hardware had been built. In
addition, George and Chip Bassett had designed
and built all the required static test apparatus to
attach this motor horizontally to the new high
thrust pad out at the MTA. On 29 September,
1996 the first static test was successfully com-
pleted with an average delivered (sea level)
specific impulse of 247 seconds. Three weeks
after the first, a second completely successful
static test was run on October 18.

Several features of the design allowed the devel-
opment to proceed as rapidly as it did and at
minimum cost. The first design goal was to set
performance requirements that were reasonable
and then maintain those requirements throughout
the program. The use of standard materials in
standard sizes was also pursued vigorously. Hot
gas seals were all designed to use commercially
available standard size "O" rings. By designing
the motor around the easily produced "bates"
grains, propellant manufacture was simplified
and it was possible to meet the requirement for
field processability. The field processing of the
propellant also greatly simplified motor trans-
port. The "cartridge" type loading of the motor
in the field was simple and safe to accomplish.
The nozzle was fabricated (by Dan Mosier) from
silica/phenolic and was retained with a simple,
aluminum internal split ring bolted inside the
aluminum motor case. Standard fasteners were
used throughout.

The Great Idea

Shortly after the second full up static test on 18
October, 1996, George, Craig Tang, and I dis-
cussed the possibility of building a third motor
and flying it. Although flight had been the intent
all along, we really had not considered doing it
on such short notice. There were several issues
to be addressed if we were going to throw one of
these behemoths into the sky. The vehicle was
much too large to fly at the Mojave Test Area.
A few of us had gone some time before to
Delamar Dry Lake north of Las Vegas to recon-
noiter the area and decided that, as big as it was,
it was also too small to fly there safely. The
Black Rock Desert in Nevada was the best spot
to fly, but none of us had ever been there before
and it was getting very late in the year. And then
there was the issue of payload. We didn’t want
to waste a ride on a booster like that, but what
type of meaningful payload could we put to-
gether in time to fly at Black Rock before winter
came on in earnest and turned the dry lake back
into a real lake ?



Preparations are made for the f’trst full motor static test in late September 1996

The f’trst static test is completely successful only five weeks after the start of the project.
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While we pondered that question, there were
other aspects of flying a rocket this size that
loomed large on the technical and logistical
horizon. In preparation for an eventual flight,
designs for a new portable launch tower had
been on the drawing board for some weeks. The
original intent had been to use the 60 foot launch
tower Brian Wherley and I had built for liquid
rockets and modify it as necessary for this
vehicle. As the rocket was designed, however, it
became obvious that, with a thrust of 14,000
pounds and a liftoff acceleration of nearly 30 g’s,
the 60 foot tower was too tall and not nearly
stout enough. With my normal penchant for
volunteering without thinking, I announced
boldly that I would take on the task of building
the new tower. George chuckled to himself
knowingly. This didn’t look to be too hard to
me. It would need to be very heavy duty, but it
would only need to be 30 feet tall. Well,
"heavy" was the operative term here, as I was
about to find out. By early November, almost
3,000 pounds of steel had been assembled into a
brobdingnagian launcher that, although it meet
the criteria, was right at the extreme limit of
what I would consider to be "portable!" While
the tower was being built, other equipment such
as ground handling carts, transport frames,
curing ovens, and the like were being built or
modified to support a flight attempt.

Meanwhile, back on the issue of payload, Craig,
and I had come up with a plan that we posed to
George in one of those rare moments when he
had sat down for one or two minutes out of the
day. We suggested that a ballistic dart might be
the simplest payload to build and that, if all went
well, it would have the potential to reach a fairly
spectacular altitude. We also proposed that we
con, I mean convince, Mike Henkoski of
Microtek Electronics to build another of his "hell
for stout" video camera/transmitter rigs to throw
into the sky on a trail of fire. There was silence
on the other end of the telephone for a few
seconds and Craig and I, having convinced
ourselves by now that this was a fantastic idea,

thought, for a moment, that George didn’t like it.
We were disappointed. Actually, he had just
dozed off for a few seconds during my long
winded explanation of the plan. When we
awakened him and went over it again, in abbre-
viated form, George said, "Sure- sounds great
to me." It never ceases to amaze me how simple
it is to get oneself into a world of trouble with a
statement as eloquent as, "Sure - sounds great to
me." Well, however it had all happened, the
wheels had been set in motion and the next
couple of weeks were about to accelerate into
one continuous blur. Not much sleep would be
had by any of us until the evening of November
23rd.

With the die now cast and only enough time
remaining so that the entire effort could easily be
classified as a "crash" program, I thought I
should call Mike Henkoski and see what he
thought of the whole idea. (By the way, the
following is the definition of a "crash" program
in rocket circles - it’s like having nine pregnant
women in a room and expecting a baby in 30
days.) When I got Mike on the phone and gave
him the plan, he said, "Sure - sounds great to
me." I pulled the receiver away from my ear for
a second and just stared at it. Maybe it was just
me, but I really had to wonder if I was making
myself clear and if these people really knew
what I was asking them to do. A little voice was
calling from the earpiece, "Dave ...... Dave ...... are
you there ? I said, it sounds great to me." Who
was I to argue. Mike wanted to know more
details and another set of wheels went into
motion. The dart had not yet been designed, we
didn’t know how much room Mike would have
for his gear, and we weren’t sure how anything
would be mounted or where the camera would
look out of the dart. There was no concept of
operations, no flight time requirements, and no
exact launch date. Other than that, Mike knew
everything. When it got down to the wire, Mike
wound up with about six days to design and
build the video package for this flight, ground
test it, gather all his equipment, and get himself
to Black Rock for the launch.



The Hardware

For the next few days, George was busy assem-
bling all his equipment and building another set
of booster parts for the flight attempt. Brian
Wherley and Chip Bassett helped me haul the
launch tower from my place down to George’s
shop for the last of the fabrication and the first
attempt to stand it all up. I had also enlisted the
help of a co-worker, Lathan Collins, and hood-
winked him into performing a myriad of aerody-
namic analysis and trajectory plots. Using the U.
S. Air Force Automated Missile DATCOM and
other methods, Lathan determined the aerody-
namic design and optimum weight for the ballis-
tic dart. As the design congealed, Craig made
drawings, George and Chip made parts, Mike
made transmitters, Lathan made plots, and I
made phone calls and coffee to keep the infor-
mation flowing.

As things progressed, arrangements were being
made with the FAA for a launch window be-
tween the 21 st and 24th of November. At this
point, in mid November, Black Rock had already
had several days of rain and it looked as if the
weather was deteriorating quickly as winter
approached. Each day at midnight I checked the
weather channel for Nevada, and we kept a
constant watch on the weather reported for that
area on the Internet. Things were not looking
good as one front after another transited the
Reno area. On the hardware side of things,
George was making parts as fast as Craig could
turn out drawings - sometimes faster. In actual-
ity, as is usually the case, George was making
parts to pencil sketches or just off the top of his
head and the drawings came along as rapidly as
possible to document the configuration or to help
define difficult areas. Two such areas were the
placement of the video camera and the recovery
scheme.

The design of the dart was somewhat driven by
how small the video transmitter could be pack-
aged. Due to the time constraint, Mike wanted

to use a transmitter he already had built. The
minimum dart inside diameter had to be three
inches to accommodate the existing transmitter.
With this one feature established, Lathan de-
signed the dart to have the minimum drag pos-
sible for that diameter and ran several trajectory
plots to determine the optimum dart weight to
maximize altitude. Mike had also selected a
Sony color camera that was about one inch in
diameter and over five inches long. This was
going to be another packaging challenge. Craig
made some preliminary drawings defining a
scheme for mounting the camera at an 18 degree
angle off the longitudinal axis looking out
through the wall of the dart’s boat tail. This
allowed the camera to look aft and see the flyout
from liftoff. This arrangement also left real
estate on the end of the dart available to mount
the circularly polarized patch antenna that Mike
was developing. If the dart really did reach an
altitude of 50 miles, the antenna needed to be
pointing at the ground to maximize gains and
ensure that the signal would be received on the
ground. This arrangement was the result of

"many conflicting requirements and took some
excellent engineering to attain. (Mike was going
to use a black and white camera since the likeli-
hood of successful recovery was slim - as usual.
I told him I would spring for a color camera if he
would get one. He said he would and then made
me a deal. If the camera was lost, I would pay
him for it. If it came back intact, he would keep
it and I didn’t owe him anything. I thought it
was a great offer.)

George bought some 3.375 inch OD stainless
steel tubing for the dart body and machined a
solid stainless steel Von Karman nose cone to
the contour developed by Lathan. The dart
would be assembled from two main pieces. The
forward section, a straight length of tubing with
a nose welded to the front end, would contain a
recovery streamer (made by Bob Stroud of
Stroud Safety) and would make up about half the
length and more than half of the weight of the
dart. The nose and streamer compartment would
be separated at peak and not recovered. This



was easier to do and reduced the weight that
would need to be recovered by the streamer.
The aft section would contain Mike’s video gear
and would be recovered. The two halves of the
dart would be joined by a stainless steel bulk-
head and would be held together with vacuum.
On the ground, this arrangement resulted in
about a hundred pounds of force holding the
halves of the dart together. As the dart gained
altitude, this force would drop off to zero accept
for the frictional force of the O-tings used to seal
the forward section. At peak, a small pyrotech-
nic charge would impulse the two halves away
from one another and allow the streamer to
deploy.

The aft section of the dart was built of the same
stainless steel tubing and had four knife edged
stainless steel fins welded on. The boat tail was
made of aluminum and had a cylindrical projec-
tion on the aft end that slid into a mating sleeve
on the front end of the booster adapter. This slip
fit arrangement would allow a simple drag
separation of the booster and dart at booster burn
out. The adapter itself would be made of com-
posite materials so that the transmitted signal
being radiated from the antenna on the end of the
dart could get out to the receive antenna. This
would allow us to see the fly out of the booster
on the video downlink. Inside the aft section of
the dart, a stack of aluminum plates supported by
threaded rods formed an adjustable chassis on
which Mike would mount his transmitter, batter-
ies, amplifier, and connectors. The solid alumi-
num boat tail was bored with a one inch hole at
an 18 * angle off axis in two places. One port
would be used to mount the camera and the other
would house the "safe and arm" switch assembly
used to ann the recovery pyrotechnic charge and
switch on the video transmitter. The chassis was
delivered to Mike for installation of the video
equipment just a few days prior to the launch.
Within those few days, all of Mike’s gear was
installed and checked out and antenna reception
testing had been successfully accomplished at a
simulated range of 60 miles. With the delivery
of some of the video ground support equipment

to George for transport to Black Rock, all was in
readiness from Mike’s end.

The Journey

Things were going along quite rapidly enough
for us when someone pushed the fast forward
button on the VCR of life. For the next several
days, everyone and everything went by in a blur
of accelerated and cartoon like animated motion.
Imagine yourself inside a giant blender. At some
point, mostly when you least expect it, the hand
of Providence sets the control knob on "high"
and then pushes the "frappe’" button. When this
happened, I noticed almost immediately (being
the quick witted sort of fellow that I am) that this
has a most disorienting effect on one’s outlook.
Your view of life is reduced to a series of dis-
jointed glimpses provided randomly as one is
tossed against the glass walls of the blender ....
Well, I’m sure this happens to everyone from
time to time. Needless to say, there was a lot of
activity and very little adult supervision as the
various parts of the project came together and
time was running out.

And there was still a lot of work to do when time
did run out. Sometime during this rush of
adrenaline in early November, we had decided
that we would transit to Black Rock on Wednes-
day, the 20th. I had made arrangements with the
FAA to open a launch window that extended
from the 22nd to the 24th. Since none of us
working on the project thus far had ever been to
Black Rock, I contacted a new RRS member
who was also an experienced high power rock-
eteer. Having been there many times and also,
as we were about to find out, being as crazy as
the rest of us, George Overmier accepted an
invitation to be our point man and guide on this
adventure. George quickly became instrumental
to the success of the project. As an added bonus,
Emily Overmier, George’s lovely wife and a
damn fine photographer, also came along to keep
us all out of trouble.

For several days before we were to go, George
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Overmier kept up with the weather conditions
and called me daily. The weather was bad for
several days in a row and was not predicted to
get any better. The people George called and
spoke to up near Black Rock continuously
recommended that we not make the attempt.
There had been too much rain. More rain was
coming. The winds were bad. The temperature
was below freezing at night. The lake bed could
probably not support heavy trucks. When we
were down to the wire on the 17th of November,
I was trying to make the final decision to go or
not. It was going to be a tremendous amount of
wasted effort if we packed up all the tons of
equipment, drove 700 miles, and then were not
able to fly or even get out on the lake bed. I
called George "O" and asked for one last opin-
ion. He told me everything he had heard about
the area sounded bad and if we looked at the
situation logically, we would call it off. But,
then again, we might get a break if we were
lucky. And then he said, "You know, Dave, if
we don’t go up there and see for ourselves it’s a
100% guarantee that we won’t fly." That was it.
No one had ever accused any of us of looking at
a situation logically. I told George we were
going to go for broke and see the lake bed for
ourselves. The trip was on.

Down at George Garboden’s shop, Chip and I
started the exhausting job of packing by disas-
sembling the launch tower and putting all the
pieces in a rented truck. Then the steady stream
of additional equipment was packed on top.
George was still making parts for the dart and
keeping up with all of his other shop work as the
truck filled up. Meanwhile, at various locations
all over southern California, the motley members
of the launch crew were filling their sea bags and
preparing for the long voyage. Some would
drive. Chip Bassett in the truck, George and
Emily Overmier in their jam packed pickup,
Niels Anderson and Stan Currey (our official
photographer for the launch) in a rented, sand
colored, "Baja" Nissan something or other, and
me in my little red Jeep Chikadee took off at
various times on the morning of the 20th. We

were supposed to convoy, but didn’t manage to
link up with one another until late that night in
the Donner Pass. By 11:00 PM or so, those of us
in the first wave were all settled in at Bruno’s
Country Club in the town of Gerlach 107 miles
north of Reno and 24 miles from the launch site.
It was overcast, cold, and drizzling. The situa-
tion did not fill one with confidence.

Other crew members flew in over the next two
days. My dad (Cris), Brian Wherley, and Craig
Tang flew into Reno. on Thursday and rented a
Chevy Blazer. Mike Henkoski did the same and
so did Bill Claybaugh who came in from the east
coast. Jorgen Groth, the radar operator, was in
Gerlach with all his gear on Wednesday night,
but we didn’t meet up with him and introduce
ourselves until Thursday morning. Tom Mueller
and Paul Montgomery drove into Gerlach some-
time in there, and two other observers, Marty
Bradley and Phil Dunlap came in on Friday.

Arrival at the Black Rock Desert

After the f’n’st few uninterrupted hours of sleep in
days, several of us met for breakfast in Bruno’s
restaurant early the next morning. The weather
was still overcast, but it was not raining. We
saddled up and followed George and Emily
Overmier out to the lake. Several miles down
the paved road, we found the most promising
entrance onto the dry lake. The ground was
damp and we took the lighter vehicles out onto
the surface first to see how they would fair. We
even dug a few shallow holes to see what it
looked like under the surface. We weren’t sure
the big truck wouldn’t sink into the surface. So
George and I were bent over looking at the
ground discussing tire loading and calculating
the number of square inches of each tire on the
big truck that were actually in contact with the
ground, when Chip drove past us with the u’uck
and was heading off down the lake hell bent for
leather. The discussion George and I were
having became mute at that point, and we
scrambled to get into our vehicles and catch up
with Chip. As Chip had adequately demon-
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strated, sometimes you can "over-engineer" a
problem.

Before I go on with the story, and as one who
had never been to Black Rock before, I must say
a few things about, the lake bed ..... it was UNBE-
LIEVABLE !!! It was dramatically and eerily
beautiful. The sun was just up, the air was
crystal clear and freezing cold, and the moun-
tains were awakening in many colors from dark
purples to bright orange. Their peaks were
covered with fresh drifts of stark white snow.
The lake bed itself was like an infinite beige
ironing board stretching for miles and miles and
miles. I felt as though I were in the Sea of
Tranquility on the moon - except that I could
breathe. At first I drove on it gingerly and with a
good deal of apprehension half expecting to drop
into a giant sea of quicksand at any moment.
But as we got farther and farther out onto the
lake, I noticed that my confidence and speed
were increasing simultaneously. All of a sudden,
I found myself hunched over the steering wheel
and going for the land speed record in a 1989
Jeep Chikadee with three good tires and 135,000
miles on it. The speedometer was pegged, but
my trusty Garmin GPS unit said my speed over
the ground was 103.4 miles per hour. The
windows were rolled down, the cold wind was
whistling through what little hair I have left, and
I found myself screaming something that
sounded like "Yaaa Hoooo" out the open win-
dow. And then ...I closed my eyes ...tight ...for
quite some time. Wow ! Have you ever driven
anywhere in your car for five minutes at 103.4
miles per hour with your eyes closed tight ? It
was exhilarating...it was magnificent ..... it
was ..... stupid ..... oh...but I digress. Let it suffice
to say that I went temporarily nuts and leave it at
that.

After I regained control of my senses, we
stopped several times to find out where we were
by use of my GPS. We kept moving to the east
until we were on the latitude and longitude from
which, as we had arranged with Larry Tonish at
the FAA, we would launch. The ground was

hard enough and everything looked good. So we
picked a likely spot and started to unload the
gear by 9:00 AM. By noon, my dad, Brian, and
Craig had arrived. We started assembling the
launch tower and it took the rest of the day to get
all the gear in place, set up the dopier radar, and
complete preparation of the propellant. There
was a lot of work and not much daylight left.

At sundown (not long after 5:00 PM), it got dark
quickly and we were going to quit for the night.
Someone had to stay on site to keep an eye on all
the equipment and keep the generator running to
provide power to the three propellant curing
ovens. I volunteered and set up camp for the
night while the rest of the crew went back into
town for dinner at Bruno’s and a good night’s
sleep. It was already getting really cold and it
started to rain again just after dark. Although I
was doubting the wisdom of my decision to
make the launch attempt while standing out there
in the rain, I had also decided that all the work to
get there was worth that 103.4 mph blind drive
that morning.

Conspicuous by his absence in all this was
George Garboden. While the initial assault team
was traveling on Wednesday, he was still down
at the shop making the last parts for the dart and
getting no sleep at all. We had all gone ahead to
find the launch site, spot the equipment, and set
up the launch tower on Thursday. George was to
arrive late that day and we would launch on
Friday the 22nd, if the weather cooperated. It
didn’t and we didn’t. And George didn’t get
there until very late Thursday night.

Sometime after 9:00 PM, I was alone at the
launch site and trying to stay warm by hovering
over a camp stove when I saw lights far off to
the west. Over the next few minutes, they got
closer and brighter and I realized that there were
several vehicles heading out toward me. When
they arrived, it was George Garboden accompa-
nied by almost everyone else. They had all led
George out to the site and had brought me a
steak dinner in a box. It was still warm and
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Above- Mike Henkoski hold up
the video package he put together on
such short notice. The oval hole in
the boat tail is the port through
which the camera viewed the ground.

Right- Mike is holding the fully
assembled dart after a test fit of all
components in the field.



The booster is unloaded (with all the other junk) onto the lake bed. Here it waits in its transport
frame for propellant loading and final assembly.

Assembly of the launch tower from all its component parts is a few hour job for all available hands.
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Launcher assembly nearing completion.

The propellant grains are prepared by George Garboden and Brian Wherley for installation in the
motor case.



Left - George Garboden installs a
lightly greased grain in the lower end of
the motor case.

Right- David Crisalli
was the official
rammer for this load
operation. His years
of experience with
loading cannons in the
U.S. Navy came in
handy. Emily
Overmier is in the
background taking
many of these pictures.
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From left: Cris Crisalli, Brian Wherley and
Craig Tang fit and shim the rail to the
launcher.

George Overmier
finishes tightening all
of the launcher fasten-
ers.
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tasted a hell of a lot better than the cold sand-
wich I had eaten hours earlier. We talked for a
while and George volunteered to take the rest of
the night watch. He sacked out in his van and I
went back into town with the rest of the crew.
The weather was still not very good with high
overcast and occasional drizzles. And George
didn’t get much sleep again because the genera-
tor, which was being used to power the propel-
lant curing ovens, kept shutting down and he
wound up wrestling with it on and off all through
the night.

Waiting for Weather

Early Friday morning the weather looked much
better. At sun up, we started back toward the
launch site after another breakfast at Bruno’s.
The sky had cleared considerably, but there were
still large masses of clouds hovering threaten-
ingly around the edges of the lake bed. Nonethe-
less, we all pressed on. When we got to the site,
George was standing out on the freezing playa in
nothing but his skivvies and with an icy wind
blowing about ten knots. He was pouring ice
cold water out of a gallon jug over his head.
Some observers thought he had gone "plumb
loco", but, for anyone who has been to rocket
firings with George, they would recognize this as
his normal morning ritual. Now, just the thought
of being naked in freezing weather and pouring
cold water over my head sends me, personally,
into convulsions. However, I am broad minded
enough to let George kick start his cardiovascu-
lar system in this insane fashion without com-
ment. So I didn’t say anything...but I sure
thought he was crazy!

We began the work on Friday assuming that we
were going to launch. The clouds had begun
filling up the few blue patches of sky, but we
were trusting to Providence that the weather
would clear again. Dan Mosier and his son,
Clayton, had arrived during the night and were
lending a hand with the ongoing preparations.
Jorgen checked his radar and the data collection
equipment in the back of his van. The tower rail

was shimmed perfectly straight and dressed by
Brian. George Overmier helped me with some
last minute preps on the launcher while Emily
continued to document everything on film.
George Garboden, Chip Bassett, and Craig Tang
started preparing the booster for fuel loading.
Tom Mueller was working on the dart electron-
ics with Bill Claybaugh, and Mike Henkoski was
setting up his ground equipment to receive the
onboard video. Stan Currey was taking more
incredible pictures and began to place two of his
cameras on tripods 300 feet from the launcher.
The hope was that he could catch a great shot of
the liftoff. (The cover photo on this issue of the
RRS News attests to his expertise and success.)
Niels was working with Clayton making up the
igniters for the booster and stringing out the
1000 feet of t-n’ing cable.

By 11:00 AM and with the weather still decid-
edly marginal, George Garboden and I made the
decision to load propellant into the booster
motor. This move had a certain amount of risk
associated with it. Not from loading the fuel
itself, but what to do with the motor if we
couldn’t launch. The process for loading the fuel
cartridges bonds them into the motor case. As a
consequence, they cannot be removed. If the
weather never cleared and we could not fly, the
motor would have to be burned off to render it
safe. The bulkhead, fins, and nozzle would be
removed and the motor placed horizontally on
the ground. The propellant would be ignited by
placing a small ignition charge in the center of
the propellant grain. The motor would then burn
off rather slowly exhausting gasses from both
ends of the case at low pressure. This would
keep the motor nonpropulsive. While this would
safe the motor, it would also be a hell of a waste
since the motor case and 230 pounds of propel-
lant would be lost in the process. As we began
propellant loading, we were all hoping the
weather would cooperate.

By a little after noon, the motor was fully as-
sembled, the front end of the dart was as-
sembled, and all the ground gear was set up. We
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began the wait for a break in the heavy overcast
and light sporadic rain showers. We
waited .... and waited .... and waited. Members of
the launch crew found things to amuse them-
selves. Tom Mueller had brought his dirt bike
and several people took turns making high speed
runs across the playa on it. Mike Henkoski took
a drive 16 miles directly north from the launch
site and found an upright piano sitting all by
itself in the middle of nowhere. He brought back
video tape to prove it. The hours ticked by
slowly and still the weather was not acceptable.

All Dressed Up and Nowhere to Go

At 3:00 PM George Garboden and I met up and
decided to scrub for the day. The weather was
still not good and it was getting so late in the day
that, even if we did launch, we might be trying to
recover the hardware in the dark. Now we had
to secure everything for the night before dark
and we would try again on Saturday, the 23rd of
November. The radar antenna was covered with
plastic, cables secured, and the cameras taken in.
The booster, now fully loaded with propellant,
was put back into its transport frame and placed
back inside the truck. We had never fired this
propellant cold, so we decided to keep a small
electric space heater running in the enclosed
truck all through the night to keep the chill off
the booster. We had all these preparations
completed by early evening and the crew started
heading back into town. Dan and Clayton
Mosier, George Garboden and I stayed out at the
launch site to watch over the gear and spend a
miserable night jammed in our vehicles. It
rained on and off and each time we got up to
refill the generator gas tank or check equipment,
our shoes would get bigger and bigger as we
walked. The damp surface of the lake bed
turned into a very sticky clay in the light rain and
it stuck like glue to everything. To get back into
my Jeep to try and get a little sleep without
bringing a hundred pounds of mud in with me
was a half hour job of scraping, shuffling, curs-
ing, hopping on one foot, falling, and grumbling.
I did this three times. This was not a fun night.

Before sun up the next morning and in subfreez-
ing temperatures, George was naked again and
taking another of those lunatic ice water showers
(he is the cleanest rocket guy I know),While he
was doing that, I went way out on a limb and
brushed my teeth while dressed in.a giant down
jacket, a hood, and my Bozo the Clown mud
shoes. Too bad Emily Overmier wasn’t there
yet; it would have made a great picture. The
crew started to arrive just after the "George and
Dave" show of early morning, subzero, rocket
launching, desert hygiene was over. Everyone
knew what to do and quietly went about their
tasks. The weather was still bad, but we went
ahead knowing (read that hoping) it would get
better soon. What we didn’t know was that it
was going to get perfect.

Last Minute Panics

About 10:00 AM Mike Henkoski and I and a few
others were putting the video package into the
dart fuselage in the back of the big truck. As the
chassis was being slid into the tube that made up
the aft body of the dart, there was a shower of
sparks and a cloud of smoke came pouring out of
the front end of the tube. A wire on the battery
stack had been pinched and shorted. We imme-
diately pulled the sections apart and Mike started
to do a damage assessment. After a quick
checkout, it was determined that the video gear
was OK. Mike fixed the wiring, quick charged
the batteries, and brought the gear back to the
truck. We then wrapped the battery section in
one layer of thin plastic cut from the inner bag of
a box of"Cheez Its". We used this material
because it had proven nearly impossible to tear
the previous day when several of us worked like
hell to get into the bag. After quite a struggle,
the bag had not yielded and the "Cheez" wiggies
inside had been pulverized into some sort of
quasi edible cheese/cracker dust which I eventu-
ally sucked up through a straw after drilling a
hole in the bag with a carbide drill. I believe
these bags are made by the same sadistic fiends
who make "child proof" caps. Children don’t
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Left - Tom Mueller and Craig Tang
finish the last of the internal wiring in
the dart.

Right - The dart electronics undergo one
last checkout before final assembly and
launch

Below - The first test of the dart video
transmitter. It was working just fine and
then, at an inopportune moment, went
dead.
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Niels Anderson shows Clayton Mosier how to make igniters. Niels had to do this in the car with the
heater running to get the epoxy to cure!

The booster has been loaded on the rail and the dart is set in place.
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Above - The launcher is raised to the
f’n-ing position.

Right - The last minute preparations:
The U.S. flag is raised on the launcher.
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seem to have any problem with these either, but I
always have to bandsaw the top off my
Flintstone vitamin bottle. But I digress again.
We used the bag material because we were sure
you couldn’t tear it and it would make a good
insulator between the battery compartment and
the metal fuselage tube.

The dart was reassembled and checked out.
Everything was working fine. The booster was
removed from its handling frame and all hands
pitched in to lift it and slide it onto the horizontal
launch rail. (This was no small task since the
loaded booster weighed over 420 pounds). The
weather was cleating and moral was high. The
dart was brought out and placed into the adapter
sleeve. While I was holding the dart, I thought it
felt.a little warm in the middle. I asked a couple
of others to feel it. It was hard to tell, so we
turned on the transmitter again as a quick test.
Mike was back at his antenna and said the
picture looked fine. We decided that the tube
was still a little warm in the middle from the first
shorting problem. The dart was reinstalled and
the tower was raised to the firing elevation of 85*
and an azimuth of 000" true. Craig Tang and I
raised the U.S. flag on the launcher and made the
halyard fast. The weather was even better now
as personnel began to evacuate the launch area
and retreat to the other end of the firing cable
1000 feet to the south. It was now about 11:00
AM.

George Garboden, Niels, and I remained at the
launch tower to install igniters, arm the dart’s
recovery system, and turn on the video system.
We performed these functions in that order and
were gratified to hear Mike’s voice over the
radio saying the video transmission was good to
go. We jumped in our vehicle and drove to the
launch control area. Just as we arrived, however,
Mike came over and said the video system had
just died. The transmitted pictures had been
perfect and then went blank. Mike could tell by
the picture it was the batteries going bad.

George and I discussed our options. None of

them looked good. Without the video gear
working, there, was nothing to be gained from the
flight. We would never be able to tell how high
it went. But if we scrubbed the launch entirely,
we were back to the prospect of burning off the
booster and wasting it. To lower the launch
tower and recycle would take several hours.
Then someone suggested that we just climb up
the tower and lift the dart off the booster. We
could examine it and see if it could be fixed.
Great idea! Craig, George, and I took off to get
the dart down. Niels shunted the fh-ing leads as
we were leaving and, when I got back to the
launcher, I pulled the igniters back out of the
booster to keep things safe. Then the three of us
climbed ladders or hung on the tower to lift off
the dart. We got the dart down and back into the
van in record time. Mike, Tom, Craig and
several others went to work tearing the dart apart
and searching for a quick fix. Upon removing
the video package and examining it closely, it
was determined that the batteries had shorted
again. The "Cheez It" bag had torn and the
warmth I had felt handling the dart earlier had
indeed been the batteries shorting through the
dart stainless steel wall. The batteries were shot
and we didn’t have any replacements. Things
were looking grim.

While the rest of us were just having a stroke,
Mike Henkoski was having a stroke of genius.
The nickel cadmium batteries Mike had installed
originally were the standard type used in ATV
work for balloon flights, etc. Mike had used
them here because they would do the job and
would just fit inside the available envelope.
However, no one had expected the total destruc-
tion of the battery pack before launch, so there
were no spares on hand (another lesson learned).
As Mike was contemplating the problem, he
realized that some of the video cameras people
were standing around holding used a battery of
the correct voltage and power density. In addi-
tion, they were very small. Mike got two of
these batteries, did a quick fit check, and wired
them up for a try. They fit and they worked
better than the original batteries. Within 30
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minutes, Mike had redesigned and rebuilt the
power supply for the video payload. The prob-
lem we feared nearly insurmountable only a few
minutes before had been corrected and the dart
completely reassembled. The weather was better
than perfect. Bright blue skies and not a breath
of wind. George, Craig, and I took the dart and
dashed for the van.

We covered the distance quickly and put the dart
back on top of the booster. The booster igniters
were reinstalled, firing leads hooked up, and I
started my own video camera mounted on a
tripod about 50 feet away from the launcher. As
the last action before leaving the area, I climbed
up the tower one last time to arm the recovery
system and turn on the video transmitter. As I
turned the screws that closed the internal
switches, the two meter radio handset crackled
and Mike’s voice confirmed that the video
transmission was good.

The Moment of Truth

We raced back to the launch control area and
began the last (we all hoped) road and air check
to verify that the area was clear. It was almost
exactly high noon and the weather could not
have been more perfect. Last verifications were
made - video receipt was good - radar was ready
to track - all personnel were in safe areas - road
and air checks were complete - photography was
ready - Tom Mueller manned the PA system and
began the countdown. As is usually the case
with rocket launches this hard won, the pressure
was building exponentially and by the second.
The PA droned above the rumble of the nearby
generator ....... 5 .... 4 .... 3 .... 2 .... 1 .... FIRE. There
was a brief hesitation and a distant "thunk" as
the two igniters fired simultaneously into the
ignition cartridge mounted inside the booster’s
bulkhead. And then the motor roared to life- all
14,000 pounds of thrust a and the rocket
screamed off the launch rail.

Following a perfectly straight flight path, the
vehicle was ripping through the sky at an unbe-

lievable rate making an incredible sound and
leaving a dense white exhaust plume in the
nearly windless air. For almost five seconds the
motor thrusted and drove the vehicle beyond
Mach 4. Jorgen was getting good data on the
radar and Mike Henkoski was continuously
calling out that he was seeing good video on the
TV he had hooked up to the video receiver. But
at the moment of burnout, my heart fell. The
rocket was .out of control and was corkscrewing
around the sky. I thought to myself that the
booster had lost a fin or that the joint between
the booster and the dart had broken. My first
reaction was to look around on the ground to see
if everyone was in a safe position. Not like there
was much I could do if they weren’t, but it was
my first reaction. And then I started to postulate
how we would fix whatever the problem was
before we tried again. I suppose I had already
written off the flight as a failure within those
four or five seconds based upon what I was
seeing in the sky. And then the first piece of
contradictory data started to come in.

Mike was still yelling, "we’ve got good video" at
the top of his lungs and I thought, how the hell
can he have good video when the damn rocket is
tumbling all over the sky. So I spun on my heal
and looked at the monitor over Mike’s shoulder.
By God, he did have good video. The dart was
spinning on its axis, but it was obviously flying
hot, straight, and normal and climbing fast. How
could the dart be flying straight if the vehicle had
broken in two or if it had gone unstable by
loosing a fin. Whatever the explanation, there
would be time for that later. Right now my eyes
were riveted to that TV screen and I had my ears
cocked to hear the booster coming back. The
video was breathtaking. It was in color and you
could clearly see the entire outline of the Black
Rock Desert as the dart climbed higher. The
timer used to fire the recovery charge had been
set for 126 seconds. This number had come out
of several preflight trajectory analysis that
concluded that the dart could reach an altitude
very close to 50 miles°
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The successful maiden flight of the booster. The vehicle reached a burnout velocity of 4431 feet per
second as measured by Doplar radar. The first flight had been accomplished in less than twelve weeks
from the start of the effort. This photo and many others used in this article were taken by Stan Curry. The
Reaction Research Society owes Start a debt of gratitude for his stamina, artistry, and talent under adverse
field conditions. The Society has never enjoyed such excellent photographic documentation of its efforts.
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I’ve been to a lot of rocket launches in my time
and, usually, things are over and done with
pretty fast. For better or worse, the flights are
normally fairly short. But for this launch, we all
stood in silence for a very long time. Some
watched the video monitor. Over a minute had
passed since the rocket had blazed heavenward
on a tail of blinding light. The dart was still
ascending and the image of the lake was getting
smaller and smaller. Mike was still reporting he
had good video to those who were far enough
away not to be able to look at the monitor. They
were all still scanning the sky for any hint of the
returning booster or dart. Nothing yet. ...... One
minute stretched into nearly two before those of
us who could see the video monitor stopped dead
in our tracks. All of us had been awestruck by
the speed, power, and sound of the launch, but
none of us were prepared for the silent image we
were now seeing on the TV screen. I had looked
up at the sky for a moment and as I turned back
around to watch Mike Henkoski tending his
video gear, I looked at the television monitor just
in time to see the dart spin rate drop off to nearly
nothing, then a glint of sunlight, and finally, an
ink black sky above a thin blue layer of atmo-
sphere hugging a pronouncedly curved earth
horizon .......... space. The image was only there
for an instant, but it will linger long in all our
memories. Shortly thereafter, Mike called out
that the streamer had deployed and the dart
began its long descent back to the planet Earth.

We continued to watch the wild ride back on the
video. The streamer had not fully deployed and
the dart was in a flat spin. This was good for
recovery, but hell to watch on video without
taking a Dramamine. After more than five
minutes in the air, the dart’s video signal was
lost as it fell below the visible horizon. The
booster had hit some minutes before and, so, I
called the all clear at last. Many of the specta-
tors were shouting and cheering. Those of us
who had built and flown the rocket and payload
just blinked at one another in silent, exhausted
exaltation.

Recovering the Pieces

Well, the respite didn’t last very long before we
were all off racing across the lake bed to find the
booster and the dart. The booster had augered in
approximately two miles from the launcher and
was quite a sight to see sticking out of the playa.
Several rounds of pictures were taken with the
crashed booster before George Overmier led a
recovery team to try to pull it out of the ground.
It didn’t come easily and George almost lost a
bumper trying to drag it out of the playa with his
truck.

After finding the booster, Tom Mueller was off
again on his motorcycle looking for the dart. We
knew it was miles away, very small, and prob-
ably buried in the soft surface. As we traveled
north, none of us held much hope of finding the
thing. I had jumped into Mike Henkoski’s
rented Blazer with him to search. Before we left,
he was rummaging around in all his video gear
and lashed together a little tiny TV, a video
receiver, and a small blade type antenna. He told
me to sit in the passenger seat and hold all this
junk in my lap while waving the antenna around
out the window. It sounded simple enough. But
then, Mike put the Blazer in gear and took off
north like we’d been shot out of a cannon! The
gear was bouncing all around and becoming
disconnected. The blade antenna had a fair
amount of surface area and, at 90 miles an hour,
it was not at all easy to hold out the window with
anything resembling coordinated "hand - eye"
motion. As a matter of fact, the darn thing kept
flying back in the window and smacking me in
the side of the head. Mike was driving like
Cruella Deville after a Dalmatian puppy and I
was holding on for dear life ..... trying to hold all
the TV junk together, point the TV screen
toward Mike so he could see the squiggles on it,
and respond to Mike’s "keep waving the antenna
toward that mountain" commands. On top of
that, Mike was swerving side to side like his
gyro had tumbled and he was attempting to run
the land speed record slalom course. It was nuts!
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The booster landing site was not too hard to pick out from the surrounding countryside.

The obligatory "Everyone get in the picture with the crashed booster" photo.
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The dart as it was found stuck in the surface of the lake - still working.

The crew and observers at the dart landing site.
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Nonetheless, after not very many minutes of this
Mike stopped the Blazer abruptly and said,
"wave it around over there", pointing off to the
left of our heading. He was looking at the little
TV screen intently. "Nothing. Here we go .... "
And off we went again for a short run. I think
Mike was sensing he was close. "Wave it over
there again", he said. I did. "What was that ?"
He was looking at a TV screen full of snow. "I
didn’t see anything", I said. "Keep waving that
thing .... look .... those are sync bars!!"

Now, I wouldn’t know a sync bar from a granola
bar and I was about to ask Michael what a "sink
bar" was, but I wasn’t fast enough. The Blazer
was already approaching Warp and the antenna
was banging against my head again, but Mike
didn’t need the electronics now. He could
"feeel" the presence of the dart. All of a sudden,
he stood on the brake and I wound up inside the
glove compartment. However, when I looked
down (or up - I couldn’t really tell by then), the
little TV had a picture on it. Mike didn’t look
over, but said "Here we are". We hopped out
and walked fight over to the dart, almost seven
and a half miles from the launch point. Others
had followed us (apparently because we looked
like we knew where we were going !?!?) and
were now on the scene. We took several pic-
tures of the dart where it lay before picking it up.
And as Mike picked up the dart, the blurry
picture on the little TV screen sharpened and
showed a large group of feet. It was now almost
a half an hour after the launch and the video
package was still transmitting. Mike looked at
the video and said that the Sony color camera
was working just fine and it didn’t look like I
owed him $700 after all. We finished at the
landing site by polishing off a bottle of cham-
pagne. Tom Mueller continued to search, with-
out success, for the nose section that had been
jettisoned during deployment of the streamer,
and we all headed back to the launch site.

Back at ground zero, we were in for our only
disappointment of the day. When we all gath-
ered to look at Mike’s flight video, it was noth-

ing like what we had seen on the monitor. The
images were all there, but the color on the
recording had shifted and / or dropped out in
many areas. In the mad dash to repair the dart
power supply, the primary camera for recording
the flight video had given up one of the two
batteries required for the dart. The second string
recording camera was not up to the task and had
not done well. While disappointing, the images
were still amazing and impressive to watch.
While some watched the videos of the launch
and the flight through viewfinders, most of us
began the arduous task of packing tons of equip-
ment to go home. Many left that night for home.
Others of us got a much needed night’s sleep
after hoisting a few at Bruno’s and congratulat-
ing ourselves for living through the experiences
of the past several weeks.

Post Test Analysis

Well, the flight was over now, but the difficult
task of sorting out what, exactly, we had just
done still lay ahead - and it was going to take
longer than the development of the booster and
the flight preparations combined.

The first question on everyone’s mind was how
the vehicle could have cork screwed all over the
sky as it did and still have the dart fly success-
fully to the altitude it reached. The explanation
lay in a part of the aerodynamic analysis that had
not been done before the flight. During the
design of the dart, Lathan had run an aerody-
namic stability analysis for the dart at the pre-
dicted booster burnout velocity Mach 4.2 and it
looked fine. He had also looked at the stability
of the booster and the dart together over the
flight velocity regime they would see from
launch to burnout. That situation was also just
fine. However, none of us had ever thought to
look at what happened to the booster at Mach 4.2
when you shed 65 pounds of forward weight. As
the booster/dart assembly accelerated to above
Mach 4, the center of pressure was moving
forward. This was not a problem for flight
stability as long as the center of gravity stayed



ahead of it. This condition existed until the
booster burned out and the dart separated. At
that instant, the booster was still moving at
greater than Mach 4 (with its CP well forward),
but the separation of 65 pounds of dart moved
the center of gravity well aft. In conducting a
post flight analysis, the center of gravity should
have moved back nearly on top of the center of
pressure. In this condition, the booster is neu-
trally stable and can (and did) fly erratically.

At the launch, however, the booster appeared to
do this wild maneuver and then straighten out
and fly normally. The explanation for this was
that, as the booster decelerated due to the tre-
mendous drag it was experiencing, the center of
pressure again moved aft. As it moved far
enough behind the new center of gravity (the one
without the dart), the booster became stable
again and flew in a normal ballistic trajectory.

Static Test Data

Going into the flight, we had the advantage of
having run two full up instrumented static tests
on the booster. There had been some minor
design changes between the first and second test,
but the second static test was exactly representa-
tive of the flight article. From this, we had a
very good idea of how the motor would perform
in flight with the exception of whatever in-
creased burn rate we might see as a result of
vehicle acceleration loads on the propellant
grains. Thrust and measured specific impulse
data from the second test was provided to Lathan
Collins, along with accurate vehicle weights, for
use in the trajectory analysis he was running.
The drag coefficients for the vehicle were de-
rived by using U.S. Air Force Automated Missile
DATCOM methods and Lathan designed the
aerodynamic features of the dart to minimize
drag to the greatest extent possible. Having no
way to actually measure the drag coefficients
before the launch, this type of estimate was the
best we could hope to do. However, our ace in
the hole was that we would be able to measure
the velocity of the booster during its flight with

the Doppler radar. Knowing the thrust profile
(from static test data), exact weights of the
components at launch, and the estimated drag
coefficients, a velocity profile of the flight was
calculated. If the actual radar data matched this
prediction, then the calculated drag coefficients
had to be nearly correct. If the data did not
match the flight prediction, the drag coefficients
could be adjusted until the two did match up.
Then, with these new drag numbers, a peak
altitude could be projected.

Results of Trajectory Predictions

Based on all the above data and information, the
pre flight analysis indicated that the dart could
reach a peak altitude of 258,366 feet above the
ground. The altitude of the Black Rock Desert
above mean sea level (MSL) is 3900 feet. If this
is added to the calculated peak altitude, an
altitude of 262,266 feet above MSL is obtained.
This equates to 49.67 statute miles, or 43.71
nautical miles. The predicted velocity of the
vehicle at burn out of the booster was 4593.4
feet per second.

Measured Radar Data

Another advantage for this flight was the fact
that we had radar data. This was not a tracking
radar, but a Doppler radar measurement of
vehicle acceleration and velocity on the fly out.
The antenna was fixed and had a 15" beam
width. The antenna was mounted 50 feet from
the launcher and was bore sighted along the 85*
intended flight path. The data showed a mea-
sured burn out velocity of 4431.6 feet per second
which compared well to the 4593..4 feet per
second predicted in advance. The velocity
measured by the radar was within 3.5% of the
predicted value. The good correlation between
the predicted and actual velocity indicated that
the drag calculations were good estimates of
reality and that the flight trajectory predictions,
including altitude at apogee, were probably fairly
accurate.
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From left: Mike Henkoski, George Garboden and David Crisalli share a bottle of champaign. Dave
is saying, "Why, the champaign is not Korbel!"

Predicted and Actual Booster Performance
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A plot of the predicted and actual booster Mach number. The down-turn at the end of the actual test
data curve is the result of increased drag after dart separation.
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The view of the entire Black Rock Desert from close to peak altitude.

One of several frames taken by the dart’s video camera as the vehicle reached apogee. Even in this
poor quality transfer, the black of space, the layer of atmosphere and the curvature of the earth are
visible.
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Video Data

All along, our intent had been to determine the
altitude reached from the video imagery trans-
mitted to ground by Mike’s TV gear. Although
the recorded image quality suffered from the
problem of switching recorders at the last
minute, it was possible to do some analysis.
First, to get the best still images we could from
the video tape, we made arrangements through
Dr. David Elliott of the Jet Propulsion Labora-
tory Science and Technology Development
Section in Pasadena, California to have some of
the JPL people capture several key frames. Mr.
Shegeru Suzuki and Mr. Bill Green of the JPL
Science Data Processing Systems Section were
very helpful in this work and we wanted to thank
them and Dr. Elliott publicly for their help and
support. (As a side note, Dr. Elliott is not only
an RRS member, but was one of the founding
members of the RRS in 1943. He is also the
same David Elliott who collaborated with Lee
Rosenthal to build and fly an amateur hydrogen
peroxide monopropellant rocket in 1950. - See
RRS News Volume 51, Number 4, October 1994
for an article on their project.)

Dr. Elliott also performed an independent analy-
sis of the measured earth limb curvature from the
best image captured at apogee during the flight.
That analysis uses the camera field of view
(FOV) and the measured curvature of the 
hori-zon from the captured video frame. 
However,Dr. Elliott had been given an incorrect number
for the camera field of view of 55*. His numbers
were corrected for the measured FOV of 50* and
gave a result of 52.9 statute miles for the altitude
at which the photo was taken. This type of
analysis is fairly sensitive, however, to the
measurement accuracy of the horizon curvature.
By taking several independent measurements, an
accuracy of plus or minus 0.3 millimeters was
achieved. The analysis was re run with this error
band applied and the possible altitudes came in
at a low of 42.7 and a high of 64.2 statute miles.

To reduce the ambiguity of the curvature 
analy-

sis, a second analysis of the best nearly vertical
view of the Black Rock Desert was completed.
The analysis was run using known geographical
features from the video image, topographic maps
of the area, the field of view of the flight camera,
and an excellent quality photo of the same area
taken from the Space Shuttle at the same time of
year and nearly the same time of day. The
recognizable geographical features were used to
generate a scale of distance for the flight image.
That scale was then used with the measured field
of view of the recovered flight video camera to
determine the altitude required to have captured
that image. Again applying the error band of the
measurement uncertainties, this analysis yielded
an estimated altitude of 48.3 to 56.0 miles.

Epilog

To be accurate, NASA’s definition of "space" is
50 nautical miles above the earth. The altitudes
we calculated here are all in statute miles. 
Tak-ing the highest possible altitude calculated 
fromthe vertical images and converting it to nautical
miles gives an apogee of 49.3 nautical miles.

Did we reach "space" that day ? Probably not by
the strict definitions. Nonetheless, the 14,000
pound thrust booster and the dart it propelled had
the potential to reach very close to that altitude.
The predicted burnout velocity of just over Mach
4 had been attained and verified by Doppler
radar. As I write these lines, the video imagery
captured from the flight is still being re-analyzed
to try to better estimate the real altitude attained.
But to those of us who watched the video real
time, we know the vehicle reached the threshold.
Whether the final altitude number is 47 miles or
53 miles, nautical or statute, a rocket built and
launched by RRS members had flown success-
fully to the "edge of space" and the payload had
been recovered intact.

Those of us involved in this project did not
attempt the flight to set any new world records,
nor do we claim any. We hope that this dis-
avowal of any claim to any record will dissuade
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even those inevitable few who will feel obligated
to besiege us with e-mails, letters, arguments,
and diatribes about why this flight doesn’t count
or who went higher, better, faster than who. We
are not concerned by or with such arguments and
would find them exceedingly tedious. So, for
anyone out there who would like to claim any
altitude record they like, we congratulate you in
advance and without argument. We did not seek
publicity in advance of the flight and we do not
seek it now. We tell the story of this effort and
that day at the Black Rock because of its value
as an educational adventure and hope those who
read this report can sense the excitement of this
flight. We also tell it because it is an entertain-

ing story of stamina, lunacy, ingenuity, camara-
derie, humor, and determination. And, it was
worthy of note that a rag tag team of private
individuals working with private resources had
designed, built, and flown a rocket capable of
reaching the edge of space in just 10 weeks. As
is true in so many areas of life, it is not so much
the reaching of a destination as it is the lessons
of the journey that are of the greatest value. In
our case, our journey took many of us 700 miles
to the north.., and ~omcwher¢ close to 50 
milesstraight up? No matter how you look at it, it was
a good day at Black Rock.
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1996 in Review

Brian "Lawrence of Mojave" Wherley gives a
facial opinion of August work parties in this
rare candid photo.

Right - In August of 1996 the
subject of hat fashion statements
reached a new high.., or low.., or
whatever.

Below - "Wait a minute.., hold the phone.
These plans say this whole thing is supposed
to be on the 9ther side of the quonset 
hut.
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The solid propellant handling facility is installed...

... and promptly put to good use during the solid propellant course.



Jim McKinnon and Alan Risse get 
extrapoint for symetry during the 
synchronizedlaunch rack raising competition.

Above - During the solid propellant course,
Brian Wherley tries to act natural as an 
elkgrazes on his head.

Right - Larry Teebken is too caught 
up inteaching the solid propellant course to notice
the same elk eyeing his diet 
coke.
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During the annual awards presentation at the Christmas party, Niels Anderson spontaneously 
breaksinto song. Larry Teebken, Tony Richards, Dave Crisalli and George Garboden smile 
nervously.

Chip Bassett unwittingly falls into a trap which finger~ him as the Unknown Backhoe 
Operator.Larry, Tony and Niels are well 
pleased.
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Ladies and gentlemen, the presidents of the RRS. Past president Richard Butterfield (1) and 
LarryTeebken (R) get into a heated argument with current president Dave Crisalli about 
preferred hatstyles.

And speaking of hat styles, George Dosa continues to set the fashion pace. After a long 
hospitaliza-tion this year, it was great to see George at the Christmas 
party.
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A Nice Fall Firing

by David E. Crisalli

On the 28th of September, 1996, the RRS held
another large scale fLring at the MTA. In 
fact, itwas the largest scale fLdng I had seen in 
quitesome time and represented almost every aspect
of amateur experimental rocketry. During the
course of this faring, both static and flight testing
would be accomplished on liquid propellant
vehicles, hybrids, composite solid propellants,
black powder motors, and a ton of Estes rockets.
Those participating ranged from many "old
timers" to people who had just rediscovered the
Society after an absence of many years to a large
group of Boy Scouts who had never been to a
rocket launch before. For me, this t-Lring 
was thefirst one in many years that resembled my
recollections of years gone by. It was great to
have that many people at the MTA.

Tom Mueller was the pyro op in charge and 
thefast flight of the day was Tom’s 3 inch diameter
hypergolic liquid propellant rocket (red 
fumingnitric acid and furfuryl alcohol). Although 
theparachute failed to deploy, the rocket was 
recov-ered and will be refurbished for yet 
anotherflight. This rocket was built using several pieces
of two previous miniature liquid rockets built by
Tom. The air frame was taken from his three
inch diameter LOX/kerosene rocket and the
propulsion unit (tanks, valves, engine) came
from a one and a half inch diameter 
hypergolic(red fuming nitric acid and furfuryl 
alcohol)rocket. To tell the truth, I’ve lost track of how
many times Tom has flown, crashed, rebuilt, and
reflown these components. If I can ever get 
himto write another article for the RRS News,
perhaps he will relate the history of these rockets
to all the rest of us.

The second rocket was Bob Schirnke’s and 
PaulMontgomery’s "Sledgehammer II." Containing
three "L" type composite motors, the rocket
would have produced approximately 600 pounds

of thrust (that is, if all three engines had ignited).
The flight was...well...exciting to say the least!
Rather than try to tell the story myself, I received
an article from Bob about this vehicle which is
included at the end of this report.

Paul’s son, Josh Montgomery, successfully
launched his first Beta and it worked very well.
Although the rocket was not recovered fight
away, Rene Caldera and Jim Swenson found it
later as they were leaving the MTA to go home.
So the story had a happy ending and Josh got his
hardware back.

On the hybrid side of things, Keith Batt finally
got a chance to static test his 500 pound thrust
LOX/HTPB engine and also launch a small zinc/
sulfur rocket. The hybrid was set up on the test
stand that we have been using since 1990 to test
liquid rockets. When we all got out to the MTA
late on Friday evening, the test stand was back
by the blockhouse where we had been storing it.
We were a little short handed, but we wanted to
move it into position to save time in the morn-
ing. Luckily, Richard Butterfield was on hand to
help us move it back out on the slab by the ’T’
beam. I think Richard’s presence was another
reason this seemed like an old time fh-ing to me.
He had helped me launch my fast zinc sulfur
rocket in 1968 ! Keith worked like crazy the
next morning to set everything up for the test.
(Hybrids and liquids always look easier than
they really are). When the moment of truth
finally came, the engine ignited well but then
started to chug and buzz severely. At one point,
there was a series of loud pops and the nozzle
carriedaway. Although not a smashing success,
,I think Keith was pleased to have completed the
test and he was already planning for the next
one.

Keith’ s little zinc/sulfur rocket was made of one
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Tom Mueller prepares for another launch of one
of his "micro" liquid rockets

Despite the rather rude sound it made, Tom’s
launch was perfect.
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From left to right: Josh Montgomery,
Paul Montgomery, Bob Schirnke and
Rene Caldera prepare Sledgehammer II
for launch.

Sledgehammer II is loaded on its launcher and raised to the fkring azimuth.
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inch EMT with a solid steel nose cone/bulkhead.
It flew just fine and actually impressed me quite
favorably. It is a nice size rocket for anyone
who has not quite talked themselves into a Beta.
Small and very inexpensive to build, the flight is
every bit as impressive as a Beta.

Rene Caldera static tested a flight weight version
of his micro hybrid rocket reported on in a
previous issue of the RRS News. Lashed up in a
test stand to measure thrust, I think this is the
smallest amateur rocket that I had ever seen data
collected on. Rene promised me he would write
a follow on article on his results.

Steve Majdali successfully fired several black
powder rockets he constructed on site with the
equipment he has designed and built for the
purpose. The flights also included one two stage
version assembled on the spot. Several of us
were watching Steve get ready to launch and
were taking bets on whether the second stage
would fire. I bet it wouldn’t and I had to eat my
words. The two stage was the best flight of the
bunch and the second stage worked beautifully.
Good show, Steve!

A fairly large group of Boy Scouts attended this
firing and launched a considerable number of
Estes rockets. I would document some of them
here, but they were being launched at such a
rapid rate that I’m sure I only saw a fraction of
them. The Boy Scouts all looked to be having a
great time and they all enjoyed the other RRS
trn’ings as 
spectators.
One of the aspects associated with a 
fn-ingattended by a large number of people is the
chance to review and reemphasize the safety
aspects of amateur rocketry. James Gross and I
had a lengthy conversation after this event and
identified a few key safety rules that needed to
be reiterated. We thought it would be a good
idea to pass them along to the entire membership
through this article. This is not meant to be a
complete review of RRS safety procedures, but,
rather, just a quick review of specific issues that

arose during this 
f’n’ing.
1. All solid propellant rockets must be fueled in
the designated propellant handling area and
remain there until transported to the launchers.
Only those personnel directly involved with the
loading or launching operations are allowed into
the immediate vicinity of fueled rockets.

2. All propellant processing must be carded out
in designated areas and with the approval of the
pyro op in charge. No propellant or pyrotechnic
use or preparation is allowed in other areas not
under supervision of the pyro op.

3. All pyro ops on site should be introduced at
the pre-f’n’ing safety briefing. Often, there are
several licensed pyrotechnic operators attending
f’n’ings even though they are not there in an
official capacity. Nonetheless, they are addi-
tional eyes and ears to help the pyro op in charge
assure that all goes safely. They should be
introduced to everyone present so that others at
the MTA recognize them as pyro ops with the
authority to address safety rules and issues that
may arise.

All in all, it was an excellent event. If you get a
chance to attend the meeting, you can get all the
details of these rockets from the builders. The
following will provide some additional informa-
tion on one of those projects.

Sledgehammer II Post Flight Report
by Robert 
Schirnke
Sledgehammer II is a redesigned version of a
rocket that flew at Black Rock Desert to a
tracked altitude of 10,432 feet. At or near
apogee, the 4 foot parachute separated from the
rocket resulting in its destruction upon impact
with the ground. Careful inspection of the
wreckage revealed that the shock cord bungee
was ripped from the aft motor mount assembly
and that this was probably caused by a premature
ejection. The only reusable parts were the 3
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This series of flight photos tells it all: 1) lift-
off on one of three motors, 2) starting to turn,
3) powered flight in the wrong direction, 4)
another motor lights and 5) the loop is com-
pleted after scaring the hell out of 
everybodyand the rocket heads off down range.
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motor casings and the solid fiberglass fins.

Sledgehammer H specifications

Diameter = 6.125 inches
Length = 8 feet 8 inches
Weight = 29.3 lbs.
Motors = 3x Solid propellant

HTPB 189 lb-seconds
each.(Bates Grain)

Payload = Super 8 mm movie
camera mounted
horizontally

Altimeter = (ALT2)
Misc. gear = 2 modified 

Microntaquartz electronic timers
for parachute recovery

Predicated Alt. = 12,966 feet. (RSIM)

Construction

The airframe was constructed from 6.1 inch
diameter paper phenolic tubing. Three 2.75"
diameter motors just fit in this area. Special
tooling was built to slot the tubing and to ma-
chine a window for the camera cover recess.
The cut out for the 3 timer assemblies was added
at the same time. The fins were constructed
from 1/4 inch thick G-10 fiberglass material.
Paul Montgomery machined the leading and
trailing edges with a solid carbide burr to an
airfoil shape. The motor mount was also made
from 1/4 thick inch fiberglass sheet. The mount
was turned on the rotary table to step the aft face
and to provide additional structure to help
prevent the motors from pulling through the
airframe. The forward motor mount was sized to
the airframe inside diameter and machined to
accept the three 2.75 motors. A step was in-
cluded in the design to lock the motors in place.
Three 1 inch wooden dowels were drilled and
tapped to accept metal inserts for supporting the
motor mounts. They tied the aft and forward
motor mounts together. These supports were
slotted to accept the fin root ends adding strength
to the overall motor mount assembly. Three
stainless steel sheet metal brackets were attached

to the wooden dowels to form an apex for
mounting the shock cord assembly. Two 5/16
flathead screws were mounted on skid plates that
fit into the rail extrusion.

Payload

The payload was made up of three Micronta
quartz electronic timers, a super eight movie
camera, and a recording altimeter. Two of the
timers were designed for parachute activation.
The third was to fire a tracking smoke after
ejection of main parachute. Modifications to the
timers included the addition of an SCR to the
output for switching battery output to the flash
bulb igniter. First movement activation was
employed to trigger the relays that started the
timers. (It was discovered during ground testing
that feed back from the first timer output would
reset the remaining timers. The relay bank was
installed to prevent this.) Several Super 8mm
hand held cameras were bought at a local swap
meet for extensive modification before flight.
Outer casings were removed and most of the
steel frames and parts were remanufactured out
of aluminum. With several of these old cameras,
the plastic driving gear was found to be age
hardened and would fall apart after little use.
Several cameras were required to build up one
working unit. A horizontal mount was fabri-
cated and a clear welding lens shaped and fas-
tened to the inside of the payload tube to provide
a window. Mounted at the top of the payload
section was an altimeter that Rene Caldera
donated to this flight. Thanks Rene! The nose
cone was a custom prototype made of laid up
fiberglass. An attachment mount for adding
ballast (for center of gravity adjustment) was
provided although not needed.

The Flight

On the advice of Paul Montgomery, we arrived a
day early for assembly of the rocket and ground
support systems. After setting up operations in
the new RRS assembly building, Josh Montgom-
ery joined the two halves of the 18 foot rail and
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adjusted the launch lugs. New batteries were
installed in all the electronics and the computer
launch system was set up. By the end of the day,
we were ready except for installing the motors.
The next day, Sledgehammer II was loaded into
its greased rail, the computer was fired up and
tested, igniters were installed, and movie film
was loaded. On the suggestion of David Crisalli,
the rocket was angled downrange just in case of
non-vertical flight. The area was cleared and the
computer was given the command to start the 10
second countdown.

Sledgehammer II cleared the rail and almost
immediately started to loop! Only one of the
three motors had ignited! Halfway through the
f’n’st loop, another of the 3 motors came to life
and turned the rocket another 180*. Flying down
range at a low elevation angle, the rocket gave
everybody in the bunkers a heck of a start. After
flying off some distance, the rocket main para-
chute opened after 16 seconds and saved the
lower portion from damage. The payload sec-
tion was not so lucky and suffered major damage
with the camera broken and the battery separated
from the altimeter. The payload parachute was
shredded from the high velocity deployment.
Only two of the three motors had fired. The
vehicle impacted the desert floor 1.5 miles
downrange.

Lessons Learned

The motor igniter leads were tape to the outside
of the rocket and stretched to their full limit to
the firing box. On first movement of the rocket
as the first motor f’wed, the other leads started to
pull the igniters out of their respective motors.
This resulted in a hang fire on one motor and
failure of the remaining motor to light at all.
This suggested that an internal ignition system
that would not be affected by f’n’st movement
might be a better alternative for multiple engine
rockets.

Three modified Micronta electronic timers were
assembled for this project. One was designed to

fire the primary recovery charge and the other
one provided backup. The third timer was
intended for a 20 second tracking and recovery
smoke. I was continually replacing these units
as they seem not to be able to handle any rough
handling. Future projects will utilize a simpler
resistor/capacitor circuit for timing devices.

Many special fixtures and tools were made and
methods established for the fabrication of the
rocket body. The slotting of the airframe for the
fins and the stepped recess for mounting the
clear plastic camera window required additional
special tooling. Working with a rotary table
mounted vertically and horizontally proved to be
a challenging experience. It required many
attempts to form the clear welding lens to the
shape of the airframe.

There were lessons learned in the area of ground
support as well. The launch rail for Sledgeham-
mer was made of two aluminum ’T’ beams
measuring almost 18 feet when fully assembled.
A extrusion shaped to fit a 5/16 flathead screw
was fastened to the centerline of the rail. The
head of the screw slid inside the extrusion and
the threaded end was mounted through the skid
plates on the side of the rocket airframe. The
base was made of aluminum channel welded to
form a hexagon. Three supporting legs fastened
to the sides of the base frame studs with bolts.
The center section captured the I beam with a
hinge and a removable cross pin. Pivoting
around the cross pin allowed loading the rocket
in the horizontal position and rotating to the
vertical. Four, 5/16 bolts fastened the ’T’ beam
to the center section providing a rock steady
launch pad. Turning the hand cranks mounted at
the ends of the legs allowed adjustment the angle
of the pad for less than vertical flights._

Launching of Sledgehammer II incorporated a
remote relay system controlled by a computer.
The relay housing contained a 6 volt, 4 ampere
gell cell battery that was switched by a 2N3055
transistor. There were two additional outputs,
one connected to a warning buzzer and the other
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Keith’s roughly half size beta built of EMT

is loaded with zinc/sulfur. Rockets this size
were built years ago and were refered to as
"Alphas."

Keith Batt sets up for his hybrid test.
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Right - The launch of Keith Batt’s Alpha.

Below - Rene Caldera prepares to test his micro
hybrid on an instrumented test stand.



connected to a stand alone relay that could be
used to switch another battery source or device.
A hand held backup switch box was fabricated in
case of computer failure for any reason. Ap-
proximately 100 feet of telephone cable
stretched from the launch pad to the block house.
A mere 1/2 volt hearing aid battery is sufficient
to operate the relay box at this distance! Con-
nections to the computer UO board were made
using a standard 4 line telephone plug. A DB9
plug was mounted so the relay box could inter-
face with the joystick port of the computer for
sensing delay times when attached to the rocket
motor test stand. Circuitry was added so the gell
cell battery could be charged without opening
the steel case.

The Timex Sinclair 2068 computer used for this
system is a eight bit Z80 microprocessor running
at 3.5 megahertz with 38K of random access
memory. A Back-Byte input/output board was
modified and fitted to the rear edge connector of
the computer. The I/O board has 8 outputs and 8
inputs. Only 3 outputs were used to control the
relay box. Software was written in Sinclair

Basic using In and Out commands to the relay
box. Loading the program through a standard
cassette recorder could be accomplished in about
25 seconds. Since the launch, I have learned to
burn the launch cycle into an eprom for running
in the dock bank of the computer. After loading,
the computer enters the standby mode until a key
is pressed. It then displays a status box indicat-
ing "PAD CLEAR" and all relays are checked to
insure that they are off. Pressing (S) will start
the cycle and a 10 second countdown begins.
Large numerals display the current count. Press-
ing any key at any time will abort the launch,
even during the ignition sequence. At T-0 the
computer will close relay #1 to the igniter(s) for
four seconds then open all relays and go to
standby mode.

Although Sledgehammer II did not perform to all
our expectations, much was learned about
rocketry in the attempt. I machined the motors
and nozzles and Paul cast the propellant. We
built the rocket and the launch equipment and I
learned how to program and integrate a computer
for launch operations. Well worth the effort, I’d
say.

Josh Montgomery’s Beta roars past Old Glory
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Above- Steve Majdali loads black powder
rockets in the solid propellant processing area
(SPPA).

Left - Even beautiful ladies attended this firing.
Mariella Vassallo helps with the Estes launches.



The Boy Scouts had a great time launching one rocket after another.

It was great to see the bunkers full of spectators for the day’s event.
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Bits and Pieces

Inlernet Address Reauest - There have been several requests recently for the Internet addresses of any
members who have them. People have been sending them in a little at a time so, if you would like your
Intemet address published in the next RRS Newsletter, please send it to D. Crisalli or S. Claflin. In front
of the membership roster we are including a list of the ones we have to date. For those on the list, please
check to make sure we have all the dots and slashes and "@"s all in the right places.

Back Issues of the RRS Newsletter - For those members who may be interested, copies of the last
several RRS Newsletter issues are available for $8.00 each (including postage). This offer includes;

¯ Volume 51, No. 3, July 1994 (LOX/alcohol rocket, venturi design part I, 30 April 94 firing report and
color photos)

¯ Volume 51, No. 4, Oct. 1994 (10,000 lb thrust liquid engine, 1950 hydrogen peroxide rocket,
zinc/sulfur performance, venturi design part II)

¯ Volume 52, No. 1, Feb. 1995 (GOX/plexiglas hybrid engine, October ’94 firing report, facility upgrade
plans, liquid rocket pyrotechnic valves)

¯ Volume 52, No. 2, Aug. 1995 (LOX/ethanol engine design, Firing reports - March ’95 (Liquid static
tests) & May ’95 (Zinc/Sulfur), Work party reports on facility improvements)

¯ Volume 52, No. 3, Oct. 1995 (LOX/alcohol rocket flight, Work party report, RRS composite propellant
work, NO2/methanol engine design, Zn/S two stage flight test, Assembly of a large liquid rocket)

¯ Volume 52, No. 4, Dec. 1995 (Nitrous Oxide and Rubbing Alcohol Motor, United Kingdom
Perspective on Amateur Rocketry, "Rollerons" - Roll Stabilization for Amateur Rocket Vehicles)

¯ Volume 53, No. 1, Mar. 1996 (1500 pound thrust Hydrogen Peroxide engine, 1995 in Review,
Electric Matches, Legal transport of propellants, Robust nosecone design)

¯ Volume 53, No. 2, Jun. 1996 (Work Party Report, Lox / Kerosene - 1000 Pound Thrust Test, Rocket
Powered Go-Cart, Resistor Igniters, Liquid Rocketry in Denmark, Micro Hybrid)

¯ Volume 53, No. 3, Sep. 1996 (Beginning Solid Propulsion Course Report, Burning Rate Exponents,
Bates Grain Design, Solid Rocket Ignition, Resistor Igniters, New Building Work Party Report)

¯ Volume 53, No. 4, Dec. 1996 (This issue)

Contact D. Crisalli if you need back issues and make the check payable to the RRS.

90% hydrogen peroxide is now available- H202 Inc. has announced the commercial availability
of 90%-hydrogen peroxide and are now accepting orders. 98% hydrogen peroxide should be available
before the end of 1997. The peroxide is available only in drums. Two drum sizes are available: 20 liter
drums containing 50 pounds and 55 gallon drums containing 550 pounds. To receive additional
information, contact the plant directly at

H202 Inc.
395 Logan Rd.
Pittsburgh, PA 15102
(412) 833-4423
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The following excerpts from recent local bulletins are
reprinted here for the benefit of those members who live
outside the southern California area and do not receve
these meeting notices on a monthly basis.

RRS Bulletin October 1996
Reaction Research Society, Inc., P.O. Box 90306 World Way Postal Center, Los Angeles, CA 90009

October Meeting Agenda - The main topics of this meeting will be to review some of the on going
projects being undertaken by members, and a report on the firing held on the 28th of September. Please
bring any hardware, photos, or plans you may have to share with the membership. For anyone who
attended this last firing and took any good photos, copies for the builders and for the RRS News editor
would be greatly appreciated. Thanks.

October Meeting
Date: Friday, October 11 (second Friday of every month).
Place: (see map): TRW, Bldg. S (cafeteria), Redondo Beach, CA.
Time: 8:00 PM

Firing Report- On the 28th of September,
the Society held another large scale firing at
the MTA. Tom Mueller was the pyro op in
charge. The first flight of the day was
Tom’s 3 inch diameter hypergolic liquid
propellant rocket (red fuming nitric acid and
furfuryl alcohol). Although the parachute
failed to deploy, the rocket was recovered
and will be refurbished for yet another
flight. The second rocket was Bob
Schirnke’s and Paul Montgomery’s "Sledge
Hammer". Containing ~ three "L" type
composite motors, the rocket would have
produced approximately 600 pounds of
thrust (that is, if all three engines had
ignited). The flight was...well...exciting to

Rosecrans Blvd.

~Ave.

Manhattan Beach Blvd.

say the least ! Paul’s son, Josh Montgomery, successfully launched a Beta. Keith Batt finally got a
chance to static test his 500 pound thrust LOX / HTPB hybrid engine and also launch a small zinc / sulfur
rocket. Rene Caldera static tested a flight weight version of his micro hybrid rocket and Steve Majdali
successfully fired several black powder rockets including one two stage version. A fairly large group of
Boy Scouts attended this firing as well and launched a.considerable number of Estes rockets. All in all, it
was an excellent f’~ng. If you get a chance to attend the meeting, you can get all the details of these
rockets from the builders.

George Dosa - The best news of the month was that George finally returned home from the hospital
after almost seven months. We are all hoping he will recover his strength much faster now that he is
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home. If you get a chance, please drop George a note at the following address; 18011 South Curt Place,
Gardena, CA 90248.

Membership Dues are Due! - This is just a gentle reminder that membership dues were up for renewal
in June. We usually have to spend a couple of hundred dollars in postage sending notices out to people to
remind them about this subject. Several members have already responded to a similar notes in the last few
Bulletins and we thank you. For those of you who have not yet renewed, we thought we would try
another gentle nudge. As of January 1, 1996 corresponding membership is $30.00, associate membership
is $35.00, and administrative membership is $40.00. Also, we have established a student membership
rate for bona fide, full time high school and college students at $20.00 per year (with the same privileges
as associate membership). For those really dedicated types, lifetime membership is $500.00. Please send
your dues to the official RRS address and to the attention of Mr. Frank Miuccio.

Solid Propulsion Course - The Society is now signing up students for the next beginning composite
propellant class to be held on 22, 23, and 24 November. Thirty five students have been given a day of
classroom instruction and two days of field work mixing propellant and fn’ing motors producing over 300
pounds of thrust at a specific impulse of over 230 seconds. The next class will be held in November. If
you are interested in receiving some detailed information on the class, please write to Niels Anderson at
440 20th St., Santa Monica, CA 90402.

RRS News Articles- SEND MORE STUFF ! SEND ANY STUFF
Thanks, the Ed and Assistant Ed.

RRS Bulletin November 1996
Reaction Research Society, Inc., P.O. Box 90306 World Way Postal Center, Los Angeles, CA 90009

November Meeting Agenda - The main topics of this meeting will be to review some of the on going
projects, nominations for next year’s officers, work party plans for more MTA improvements, and plans
for upcoming fh’ings. Please note that the firing set up for 16 November has been postponed until the
spring. Please bring any hardware, photos, or plans you may have to share with the membership. Also,
if you want to ensure you don’t get nominated for any unwanted RRS elected position or other, you’d
better make it to this meeting to defend yourself. Thanks.

November Meetine
Date: Friday, November 8 (second Friday of every month).
Place: (see map): TRW, Bldg. S (cafeteria), Redondo Beach, CA.
Time: 8:00 PM

George Dosa Update - A week or so ago, George Garboden and I visited George Dosa at his home for
the first time since last February. He looked great,was in good spirits, and talked to us about rockets for
over half an hour. He seems to be recuperating much faster now that he is out of the hospital. A lot of
cards and notes from RRS members have helped George along through this ordeal. If you get a chance,
please drop George a note at the following address and speed him along the road to full recovery; 18011
South Curt Place, Gardena, CA 90248.

Solid Propulsion Course - The Society has postponed the next beginning composite propellant class
that was to be held on 22, 23, and 24 November until the spring to make it more convenient for more
students. The class involves a day of classroom instruction and two days of field work mixing propellant
and fh’ing motors producing over 300 pounds of thrust at a specific impulse of over 230 seconds. The
dates for the next class will be published in the next bulletin. If you are interested in receiving some
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detailed information on the class, please write to Niels Anderson at 440 20th St., Santa Monica, CA
90402.

$$$ Money $$$ - The RRS has been doing great things in the way of facility improvements this last
year. Over 60 yards of new concrete were poured, the new building was erected, the new Solid Propellant
Processing Area (SPPA) walls were built and benches installed, the new RRS road sign abutments were
completed, and the new vertical test stand abutments were poured. Needless to say, this has all cost a fair
amount of money. To complete the new building (roll up door, windows, benches, porch, mezzanine,
and enclosed office) will cost $2,000 to $3,000 more. The steel roof for the SPPA will run about $1,500.
We really need to start on the new concrete bunkers and the new underground blockhouse. I won’t even
guess about the cost for these items yet. The bottom line is that the Society needs working capital to
continue these efforts. If you have any philanthropic friends, are interested in a lifetime membership, or
have any good ideas for raising money, please let us know. We would hate to stop the work now, but our
funding is running out. Please help out with ideas if you can.

RRS Bulletin December 1996
Reaction Research Society, Inc., P.O. Box 90306 World Way Postal Center, Los Angeles, CA 90009

December Meeting - Christmas Party - The annual RRS Christmas party will be held at the usual
meeting place, TRW, on Friday, December 13 at 7:30 PM. This is a half hour earlier than we usually
start. The meeting will be held briefly before the party to complete the elections of the poor unfortunates
railroaded into servitude for next year. We would like to make this a "pot luck" sort of affair, so please
bring whatever you can in the way of food (entree’s, salads, hors d’oeuvres, or deserts). Drinks, ice,
cups, paper plates, napkins, and utensils will be provided. This can turn out to be a great feast ...or we
can all wind up sharing one bag of Doritos and a six pack of Hansen’s All Natural Kumquat Kiwi
Rhubarb Zucchini soda. So please bring food and please bring your wife, children, girlfriend, boyfriend,
dog, Congressman, or Senator. The year end RRS awards will also be given out during the Christmas
party.

There will also be information (photos and possibly some video footage) of George Garboden’s
unbelievable launch at.Black Rock on November 23rd. George launched a composite solid propellant
rocket that produced a peak thrust of over 13,000 pounds for 5 seconds. The rocket weighed
approximately 500 pounds at lift off and accelerated a 65 pound, 3.375 inch diameter, all stainless steel
ballistic dart (with an on board video camera and transmitter) to just over Mach 4 in 4.5 seconds. George
isn’t ready to quote an altitude yet, but the dart was in the air for almost 5 minutes and was recovered 8
miles down range (with the video camera and transmitter still sending out pictures). You have to see the
pictures of this thing to believe it !!!

December Meeting
Date: Friday, December 13 (second Friday of every month).
Place: (see map): TRW, Bldg. S (cafeteria), Redondo Beach, CA.
Time: 7:30 PM

Elections - The annual RRS elections will be held at the December meeting. Administrative members
not able to attend the December meeting are asked to fill out and mail in the ballot attached to this flier. If
you intend to vote by mail, please send the ballot back (to Niels Anderson, 440.20th St., Santa Monica,
CA 90402) in time to be counted at the meeting. If you run out of time, you can fax your completed ballot
to George Garboden at 714-768-7119 before 4:30 PM on 13 December.
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Membership List Address Update - Please review the membership address list that comes out in
each RRS News. If there are any changes or corrections, please let Frank Miuccio know by mail or phone
(he’s on the list). We often get a fair percentage of our mailings back because the address is incorrect or
no longer current. This causes additional expense and turmoil in trying to track people down. Please give
us a hand and make sure your address and telephone number are correct.

Editor : David Crisalli
3439 Hamlin Ave.
Simi Valley, CA 93063

Assistant Editor : Scott Claflin
6966 Lena Ave.
West Hills, CA 91307

Copyright © 1996 by the Reaction Research Society, Inc.

All fights reserved. No part of this publication may be reproduced, stored in any retrieval system, or transmitted in any form
or by means electronic, mechanical, photocopying, recording, or otherwise without prior permission of the Reaction Research

Society, Inc.
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