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The events you are about to read actu-

ally happened. Only the dates have been
changed to protect the innocent.

"

"Publish or per-

ish!" threatened the
sign at RRS headquar-
ters. "Hah!" I
threatened back., "I
see I'm going to have
company with me after
I diel” Anc I began
t to recite the tale
that you have begun to
read.

Lorenz to Girerd
with thousht on arti-

cle. Girard to Lorenz
with c¢h, men, yes,
man, it's the only one
# : S we got. Butterfield
to staff with publish or perish. Staff to
» o« o well, never mind. Pooley to Girard
with article (something wrong there, I
think). Claybaugh to Sacramento to James

for firing and good cheer,
back to RRS with book on
teamwork in rocketry. Gir-
ard to Teebken with review
it. Teebken to Girard with
. « o well, never mind.

Butterfield to staff
with P.0.P. (Indeed, that
might be Pay One Price.)
Dosa to Girard with article
(something wrong  there,
too.) Girard and Claybaugh
both to Sacramento to re-
search static stands, to
Bennett to consult, to NASA
for background, to the pro-
fessional libraries in Los
Angeles for information.

It +took a year. But
commnication did pay off,
and today we are quite
proud to present to you our
version of RRS NEWS 102.

RRS NEWS

A magazine of comment on the amsteur field
today.
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POST FIRING EE R R EEREEREERERERE

By Don Girard and George Dosa,
Reactlon Research Soclety

At last writing, zinc-sulfur rockets were reported leaving the
Mo jave Test Area in orderly fashion. Little has happened to change
that. What has happened, and what we are compelled to take up here,
1s the extraordinary frequency of the commonplace,

Thirty-six rockets, from the two Socleties and from service
and various educatlonal groups, fired in the space of a year, pro=-
vide a curilous insight into amateur rockets and rocketeers. The
full record about these missiles is in tabular form on pages L and
5, published with numbers alone in the hopes of establishing em=-
pirically a pattern for zinc=-sulfur rockets. This quaint notion
met with little success, but we wlll talk more about that later.

Several experiments were begun in these series of firings, but
conclusions are wanting as of this publishing date (that is, for
all time). One experiment, the comparison of capsulated zinc-sul-
fur to semi-packed zinc-sulfur, was concluded. The firing opera-
tions were smooth, expedited by experience, the telephone hook=-up,
the adjustable launch racks, the motor driven fuel mixer. (Crafts-
manship in the rockets was, generally, lacking: most of the rockets
fired were for the owner's education.

Follow along, though, and we shall attempt to walk this trail
of low-level activity and point out features of the landscape where
we can,

The May 30 firing was a service by the RRS for the Northrop
institute Chapter of the Pacific Rocket Socliety. Seven "Goddard"
rockets, built by various students at Northrop, were fired using
capsulated fuel. The particular experimental has been wrltten up
in NEWS 100. We repeat here that the capsulated vehicles burned
out from 0,094 seconds to 0,188 seconds. The same design rockets,
filled with loosely packed fuel, burned out from 2.3 seconds to
3.5 seconds, a result that indicates the importance of inertia ef=-
fects on the fuel column of an unnozzled vehicle.

Two two-stagers, by John Jaakkola and by Carlos Beer, similar
except for the second stage length, tested a method of clustering
and parachute ejection mechanisms. Jaakkola's, due to premature
parachute ejection (fuse actuated) and burnthrough in the first
stage, broke up. Beer, who also had first stage burnthrough, was
successful in deploying one of three parachutes.

Two other vehicles were fired: one night fired, with a strobe
light for later film analysis and a timer actuated parachute, the
other a KC1l0), and resin static test. The strobe was not observed
(though some owl-eyed individuals insist the strobe was visible)
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or recorded on film. Indications are that the instrument section
separated, as the nose cone and motor only were recovered. The
static test rocket exploded.

On July li, six rockets were fired, two of which were cast by
Bill Claybaugh and the others two=-inch vehicles fitted with Beta-
type nozzles (30 convergent, 15 divergent). The first of the cast
grains consisted of NaNO3, alumlnum powder and a polyester resin.

The advantage to this grain includes a performance at least
five times that of micrograin, an ability to be cast into any shape,
and relative ease of handling. Disadvantages include high exhaust
temperature, the need to transport the grain, the need for chamber
insulation, the need for high strength metals for the chamber, and
difficulties in grain design. The test blew up as the rocket was un-
able to build pressure quickly, and not because the propellant de-=
tonated.

The second graln was of zinc and sulfur in acetone. Acetone was
chosen since 1t dissolves sulfur, and transports 1t throughout the
grain structure. It has a low vapor pressure, and leaves behind a
strong, integral cast mixture of zinc and sulfur. The cast micro-
grain failed to ignite, which we note here as a consistent problem
with cast micrograin.,

The Butterflield rocket had an early burnout, a good maximum ve-
locity and a slow rise, indicating that the rocket was too short.
The La Habra rocket, fired three times, deteriorated from fair per-
formance on the initial shot to very poor performance on the third.
Nozzle erosion was considerable,

On July 18, a single vehicle was fired, in experiment of the
notorious photoelectric peak sensor. The experiment failed (as re-
ported in the Featured Articles section of this issue), and the
rocket 1tself burned erratically, with flame-out and re-ignition oc-
curing. In the firing of October 31, we note that the Goddard=-type
rocket of David Crisalli performed poorly, and the Girard-Schreiner
vehicle hung fired. The sulfur ussd was old, and probably water
saturated: the performances were not typical.

The Thanksgiving firing saw Greg Stewart's first vehicle fired,
with a hand-formed ceramic nozzle reminiscent of the John Mariano
days of explosions. Stewart!s rocket did not explode, but came quite
close, as it had a very short burn time, and a short but high velocity
peak in the burn phase curves. The rocket has not been recovered,
The two La Habra vehicles performed well, showing good improvement
from the first rocket,

John Novak made his debut into the Society by constructing an
RRS Beta, firing it for an excellent performance record, and modi-
fying the fiberglass cones of George Dosa design into a molded epoxy
shell. John Novak nearly made his exit from the Society during Live
Filre ITI, but that story will wait until NEWS 103.

The January 28-launch was a service to Chaminade Preparatory,
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DATE

NO. TOTAL 0.n. PROPELI.ANT MASS RATTO OWNER
LENGTH (Tnches)
(Tnches)
5-30-66 1 38 1.00 807 7n, 20% S ? PRS
2 38 1.00 80% Zn, 20% S ? PRS
3 38 1.00 &0% Zn, 207 S ? PRS
4 38 1.00 80% 7n, 20% S ? PRS
5 38 1.00 80% zn, 20% S ? PRS
6 38 1.00 80% Zn, 20% S ? PRS
7 38 1.00* 80% Zn, 20% S ? PRS
8A 96 (1st 1.:25 807 Zn, 20% S ? Jaakkola
stage)
8B 96 (2nd 25 RN% Zn, 20% S 7.
stapge)
9 84 2.50 80% 7Zn, 20% S ” PRS
10 48 2.00 KC10,4 & resin 2 Weige, Soren-
. cino, Porter
1A a6 (1st 1.25% ’0% Zn, 20% § ? Beer
stage)
118 72 (2nd 1.25 80% Zn, 207 S ?
stage)
7=4-66 1 12 1.00 687 NaNO13, ? Clavbaugh
20% A1, &
12% resin
2 36 2.00 80% 7n, 207 S Butterfield
1.98
3 23 2.00 80% 7Zn, 20% S La Habra Jr.
. . 1.78 High
4 23 2.00 80% Zn, 207 S 1.63 1.a Habra
5 23 2.00 80% 7n., 207 S ? La Habra
6 12 1.00 82% Zn, 187 S % Claybaugh
in acetone
7-17-66 1 20 2.00 80% Zn, 20% S 1.58 Girard,
Schreiner
10-31-66 1 31 1.25 80% 7n, 20% S ? Crisalli
2 11 1:25 80% 7Zn, 20% S ? Crisalli
3 20 2.00 80% Zn, 20% S ? RRS
11-26-66 1 38 1.00 80% Zn, 207 S 1.91 Stewart
2 48 1.87 807 Zn, 20% S 3 (?) T.a Habra
3 24 1.87 80% Zn, 20% S 1.76 La Habra
4 56 2.00 80% Zn, 207 S 2,22 Novak
5 50 3.00 807% Zn, 207 S 3.41 Clavbhaugh
in acetone
b ; 38 (7) 2.00 (?) 80% Zn, 20% S 2.23 Kirchner
60 2.00 80% Zn, 207 S 2.98 Thomas
Z ‘{g }gg 80% Zn, 20% S 2.25 Crisalli
5 > 1'00 BOf Zn, 207. S 3.80 Crisalli
. 80% Zn, 207 8 3.96 Crisalli
6 12 1.00 80% Zn, 20% S 2 Vito
7 12 1.00 80% Zn, 20% S ? Vito
8 12 1.00 80% Zn, 20% S ? Thomas
3-18-67 1 20 2.00 80% Zn, 20% S 9 RRS
2 a4 2.00 BO% Zn, 207 S ? Claybaugh

* -
Cluster of three rockets, each 1.25 inches 0.D.
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2A 202 1.147 60N 1220 ? 2 Mozzle-less, alumi-
(2nd (Rt num tubing, capsu-
8B stage) stages) lated fuel
9 2 4 & ? ? 2 Night fired with
strobe light
1N - - - - - - Static, exploded
11A 276 n. 768 430 1152 ? ° Similar to 8A-8R
(2nd fRnth
11R stage) stages)
1 - = £ - - = Qtatic, exnlnded
2 55 n.20% 525 12.nag 1640 2300 Moderate steel
nnzzle erosinn
3 2 2 ? ? 30 800 Mar filmed
4 180 0.45h 138 2,750 52N 200 7nd firing
5 6° n.na4 ann Indeterminate 1190 ? 3rd firine
3 = - = - % & Static, no ignition
1 76 n.281 460 (3,000 1500 1100 Phota exp't
1 59 n.469 415 5,950 150 9 Goddard tvne
2 37 0.375 212 1,085 150 2 2nd firing
3 - # = - - - Bune-fired
1 61 0.08”3 1,514 51,920 ) ? Ceramic nozzle
2 110 0.167 1,057 8,850 ono 2
3 59 0.125 523 10,250 1600 ? I'nstahle flicht
4 124 0.208 1,164 8,650 7000 ? RRS Beta
5 & - - - - - Static, no ignition
1 ? ? 7 ? ? ? Not filmed
2 198 0.266 1,526 12,920 ” 2
? 2
’ ? ? 2 ’ oo | 3000 Filmed from hunker
4 - - - - - ¥
5 - Fxploded
6 5 ” - ; = - Exploded
7 4 » ? : ? 2 Filmed from bunker
8 , ) ? ? ? ? Filmed from bunker
' : ? ? ? ? Filmed from bunker
1 - - = - - ;
- Fired from balloon:
2 _ erratic

Static; graphite
nozzle




and many of the rockets were not altogether taken seriouslj by the
students. The data records were compiled months after the firing:
as a result, little information was gained that 1s proper to re-
port.

The March 18 launch saw only two vehicles fired, but the first
requlres some comment.

It started with a suggestion by John Marlano, RRS member on
leave to the Alr Force, on a way to promote Project Live Fire I of
last year. We simply launch a rocket from a balloon over the City
Hall, and let the publicity take care of 1itself. Fortunately, rea-
son itself prevailed, and the stunt was shelved, but the 1ldea re-
mained.,

It was fueled when word came from New Jersey of a successful
amateur orbital launch (their judgment, not ours) that was accom-
plished through the use of high altitude balloon launching techniques.

And it commenced when Bill Claybaugh and Margery Hills teamed
together to attempt the first RRS balloon-held rocket launch. The
total project called for a high rise balloon to carry an extremely
light rocket casing, in all likellhood fiberglass, to extreme alti-
tudes (60,000 to 80,000 feet), at which point the rocket would be
barometrically ignited for high altitude research., It must have been
the vision of a pragmatist that compelled Bill and Margery to conduct
the project in a series of experiments,

The first test was held in December of 1966: the object was to
ignite a rocket from beneath a tethered balloon. This would glve the
two experience in handling the balloon, and would also point out the
problems that might be caused by balloon oscillation.

That test ended rather abruptly when the balloon escaped 1its
collar while still under inflation. It was shot down immediately to
avoid any possibility of alr hazard.

The second test, in early March, was far happier. The balloon
was tethered from three ground points, inflated with hydrogen, and
allowed to rise about sixty feet while carrying a seven pound rocket.
At the appointed time, the rocket ignited quite readily, but glanced
slightly against a tether line, causing a deviation that was magnified
by the violent thrusting of the vehicle. The rocket shot to the
ground, bounced downrange, and died.

The second vehicle of March 18 was also constructed by Bill
Claybaugh, using thin-walled tublng, and a graphite nozzle (without
a steel skeleton strengthening it). A picture of that test appears
in the Yearbook Pictorial of this issue. The test was considered
highly successful, even though the tubing burned through after some
time,

And we've come to the end of the trall, as far as this series of
rockets is concerned. We started this project hoping to take a
random number of .zinc-sulfur flights and arrive at some firm qualil-
tative conclusions. We end by saying that we are not able to do that,
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at least not with thls grouping. Goddard vehicles climbed from 100
feet to 1000 feet depending on the day, and just as likely on the
prayer used whlle mixing the fuel, Beta=-type nozzles caused per-
formance differences in acceleration that makes prediction impossible.
Data 1s missing on tco many of the smaller vehicles to make any
Judgment about them.

The one rocket consistent with past experience was John Novak!'s
RRS Beta in that the performance curves compare favorably with the
curves considered typical in NEWS 99 and NEWS 10l. Unfortunately,
in the grouping under discussion, no cther RRS Beta rocket was fired.

The approach to gathering experimental data on zinec-sulfur that
seems to be emerging is this: use vehicles of a proper length to
diemeter ratio (that ratio itself is subject to question); modify
the nozzle to eliminate erosion, thereby keeping the throat area con-
stant; and statlic test vehlcles to produce thrust curves directly.

The last two of these suggestions will be considered again in NEWS 103

This is an interim progress report on the 7-inch by 12-foot
hydrogen peroxide-methyl alcohol rocket on an RRS Research Contract.
The design of the motor, less the injector assembly, has been
finelized and the chamber body and flange have been machined. Pro-
curement of the stock for the nozzle and the finalized design of
the injector assembly are next on the schedule.

The fuel and oxidizer tanks have been mounted and secured in
place. However, because of space limitations, the plan now is to
obtain a shorter and fatter nitrogen tank. Calculations indicate
that although the present tank has the proper capacity, the new tank
would shift the center of gravity forward, increase the space avail-
able for controls, and provide some savings in weight.

An investigation of the multiple solenoid valve fuel/oxidizer
controls indicate that there might be difficulties in obtalning the
desired configuration and it 1s possible that independent solenoid
controls would not only be feasible but desirable for fuel=-rich
starts and programmed control.

Bulkheads, damaged during exhibits, have been replaced and the
skins for the motor section have been fabricated. A mold was made for
the fiberglass boattall, the shell halves made, and the tallplece
has been completed.

From a 3+ scale model, the center of pressure was determined
and wooden mockups of the tall fins have been made. It 1s hoped to
have these precision milled from magnesium.

Additional small detalls have been attended to including the

design and fabrication of the umbilical cord disconnect. Further
detalls will be reported as the work progresses.

RRS WEWS .



RRS rocket
in motion

Young Novak displays his
rocket after the fact

Test firing of Bill
Claybaugh's graphlte
nozzle vehicle

YEARBOOK

Carlos Beer's two=-
stager moves out
slowly



The rocket is care-
fully inserted in

the guide railing

y* is for explosion

Rick Bennett and John
Jaakkola prepare a PRS
two=-staged vehlcle for
flight

Richard Butterfield,
pyro=op, pauses for a
picture

Loading commences
for a PRS two=-
stager



Caution is the guldeword
in the launching of a
balloon=holsted rocket

Balloon=launch experiment
rises on three mooring lines

Photograph shows rocket
penetrating the balloon
at ignition

Aerial view of the
Mo jave Test Area




Preparation begins for
the fueling of the _
Goddard series experiment .

The floor of the
new blockhouse
facllity takes
shape

Young Butterfield, just
prior to his arrest for
Speeding

The first load of
cement ls readied
for the blockhouse

Gary Lorenz,
photographer



FEATURED ARTICLES ssnnnnnnnns

PRACTICAL ROCKET
TELEMETRY: Part 1

By Gary Lorenz,
Reaction Research Soclety

One of the things most wanted by the amateur rocketeer 1s some
form of on=board flight instrumentation for his rocket. 1In this,
the first part of a two-part article, we will bring out the basic
considerations that mast be kept in mind for the design of an on=-
board rocket telemetry system. In part two of this article, we will
conslder the design of a ground support station. Tested clrcults
and practical examples will be presented to augment the text. We
hope that the informatlon in this series will allow the amateur with
a limited electronics background to construct his own single channel
telemetry system.

Before the requirements of a telemetry system can be determined,
one mu3t have an understanding of the communciations process. A
model of this process is depicted in Figure 1., Every communications
system must have a source--zomething to be communlicated. Usually
the information from the source is not suitable for direct trans-
mission and must be encoded into a sultable code to make it com-
patible with the communications link. This link is made up of the
transmission device, the transmlssion medium, and the receiving de-
vice. The decoder, usually performing the inverse function of the
encoder, converts the information from the link into information
usable to the destination.

TRANS.
SOURCEL ENCODER LlNi DECODER DESTINATION

Fig. 1 MODEL OF THE COMMUNICATICN PROCESS

In a rocket the source of data can be any one of a number of
things: an accelerometer, straln gage, thermistor, pressure trans-
ducer, photocell, gyro, etc. Usually transducers produce either a
variable voltage or a variable resistance output.

Most transducers in a rocket produce very low frequency out-
puts, less than ten cycles per second, and such frequencies are not
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compatible with the transmissicn link. A number of techniques can
be used to make the output transmittable, such as using it to change
pulse amplitudes, pulse positions, pulse widths, pulse codes, pulse
repetition rates, and frequencies. For the amateur, the simplest
system to use in terms of ease of encoding and decoding is that of
varying the frequency of a subcarrier oscillator. The Inter-Range
Instrumentation Group, responsible for the establishment of tele=-
metry standards in the United States, has designated eighteen tele-
metry subcarrier channels ranging in frequency from [00 cycles per
second to 70 kilocycles per second. The standard frequency devia=-
tion with maximum modulating signal is plus or minus 7.5 per cent.,
The maximum frequency of information that can be transmitted on any
subcarrier frequency for good signal to noise ratio is given by
Equation 1:

FoD °

B.P. = —=

where F, is the subcarrier frequency in cycles per second, D is the
deviation percentage ( F/Fo), and B.P. is the bandpass of the en=-
coder in cycles per second.

=
12V
Re R, cL
10K ¢, C, 10K
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\ I .
/1

o g T L
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680 pf >< 680 ¢ 0.01 OUTPUT
Q, smoon[ [ Qe

Ra RB
ATK AT K
Re
- _%333011
@

TRANSDUCER |
= Fig.2 A 10.5KC TELEMETRY SUBCARRIEK OCLCILLATAK

The schematic circuit diagram of a 10,5 kilocycle voltage-con-
trolled oscillator appears in Figure 2. The operating frequency of
the oscillator is determined by Ci1s Co, Ry, Ry, and R;. Ry is a
variable resistor having a value equai to twice the rést resistance
of the transducer and is used to ad just the frequecncy of the oscil-
lator to 10.5 kc. The static resistance of the transducer used with
this circuit should not exceed 10 kilohms, or significant loading
of the voltage divider Ry1=Vy will result. The maximum information
capability of the 10.5 k¢ subecarrier oscillator is 160 cps. This is
equivalent to a resolution of 0.5 G when a 0 to 75 G accelerometer
1s used as the input source. :

Now that the source data has been encoded it is ready for trans-
mission over the radio transmission link. The link consists of an

cypr i e
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on board transmitter and antenna system, and a ground antenna and
receiver system. Rocket antenna slze, receiver availability for a
certain frequency, and the Rules and Regulations of theé Federal
Communications Commission are the three main faectors to be con-
sidered when choosing a transmission link frequency. The most prac-
tical antenna for a small rocket 1s a simple quarter wavelength
brass tube of small diameter passing through the nose cone along
the length axlis of the vehicle. The length of the antenna ranges
from two and one-half feet at 100 megacycles to three inches at
1000 megacycles; the transmitter frequency should be within this
range. The equation for length (Equation 2) is:

) = 75

Sl
where AL 1s the length of a quarter wavelength radiator in feet, and
ft 1s the transmitter frequency in megacycles.

Transmitters can be operated legally by the amateur in the
88-108 megacycle standard FM broadcast band, the 144-148 megacycle
"ham" band, the 220-225 megacycle "ham" band, the [j20-};50 mega-=-
cycle "ham" band, and the 90-942 megacycle Industrial, Scientific
and Medical band. Recelvers for the amateur bands have very small
bandpass capabilities, typically plus or minus three kilocycles max-
imum, and are unsuitable for all but very low frequency telemetry.
The amateur must also have a valid amateur radio operator's license
to operate in these bands. Receivers of any type that will cover
the 890-942 megacycle range are difficult to find.

This leaves the 88-108 megacycle FM standard broadcast band for
which high quality, wide band receivers are readily avallable. Legal
requirements for custom made telemetry transmitters operating in this
band are given in Part 79 (formerly Part 15) of the Federal Communi-
cations' Rules and Regulations. In short, the Commission requires that
the transmitter have a radiated field intensity of less than 50
microvolts per meter at a distance of 50 feet from the transmitter,
that the transmitter must not cause harmful ilnterference to a duly
licensed, operating FM station, and that the transmitting device be
submitted to the Commission for thelr approval prior to operation.
These requirements are not difficult to meet, and an engineering ap-
proximation can be submitted to fulfill the first requirement.

The schematic circuit diagram of a 108 megacycle FM transmitter
that will meet the requirements of the Commission is shown in Figure
3. The transmitter has an output power of three to five milliwatts
when operated on a supply voltage of 12 volts. The center frequency
of the oscillator is primarily determined by the self resonant fre-
quency of the tank network consisting of L,, Gg, C?, C7, and the
junction capacitance of diode Dj. The osc%lla or iIs set to the op-
erating frequency by tuning Cg, until the "carrier" is heard in a
receiver tuned to the operating frequency. Modulation is accom-
plished when the junction capacitance of Dy 1s electrically varied
by the incoming modulating signal, thereby changing the self-
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resonant frequency of the LC ténk.

is flat from 5 cycles per second to

and frequency deviation can be mad
proper adjustment of Ry1e

Modulating frequency response

500 kilocycles per second
as high as one megacycle by

SR w oL
YT ek 20pf A aor,g'l' ‘e 1o Y
Cay* } # Q"_-_-"%_
©.8ut Z¢ 100p4 ANTENNA =
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560a

Io.m
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Fig. 3 A 108 MEGACYCLE FREQUENCY MODULATED TRANSMITTER
The maximum deviation that a standard FM broadcast receiver will

accept without desensitization is
viation is set to the
trolled oscillator to the input of

tuned to the operating frequency of the transmitter;
quency note should be heard at this point.
R11, 1s adjusted to produce the loudest tone

of distortion.

plus or minus 75 kilocycles.
proper value by connecting the voltage con-
A recelver 1is
a very high fre-
The deviation control,
with the least amount

the transmitter.
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For overall system stabllity, the telemetry encoder oscillator
and transmlitter should be operated from a stabllized voltage source.
Such a source is shown in Figure l;, with the addition of a magnetic
switch to turn the telemetry system on.

The primary battery supply consists of two nine volt transistor
radio batterles connected in series., A magnet and reed switch com=-
bination is used to turn on the telemetry system. A magnetic reed
switch is placed in close proximity to the inside wall of the non-
ferrous metal cover for the instrumentation section of the rocket.
The magnet 1s mounted outside of the rocket over the reed switch on
an external support. The power to the telemetry system 1s inhibited
untll takeoff when the rocket pulls away from the magnet.

Then voltage is applied to the regulator which drops the 18
volts from the magnetic switch amplifier to 12,0 volts. Regulation
provided by the regulator is better than 0.l per cent for current
drains up to 25 milliamperes. The voltage output can be adjusted
over a small range by varying R1g5. The power supply is more than
adequate for the rest of the telemetry system.

Needless to say, the mechanical considerations are just as im-
portant as the electrical considerations in rocket instrumentation.
All resistors and capacitors used in the system are small enough
that inertia effects in unpotted circults will not be a problem.

L1 in the transmitter should be made very rigld or rocket flight
vibration will frequency modulate the transmitter output. If at all
possible, printed circult boards should be used in construction.

All of the electronic components that are used in the system,
except possibly the transistors, are avallable from local electronics
distributors or mail order houses. All resistors are % watt, carbon
composition units. Capacltors having values below one microfarad
are disc ceramlc; those having values above one microfarad are elec-
trolytic types. '

Thus far some of the aspects of getting information out of a
rocket have been covered. Part two of this artlcle will delve into
the problems of receiving the signal and accurately decoding it
into useful information.

For an overall introduction to radio telemetry, the reader is referred to Marvin
Tepper's Fundamentals of Radio Telemetry, published in 1959 by John F. Rider, Inc.,
of New York. For particular referencing of Mr. Lorenz's article, Reference Data
For Engineers (Fourth Edition), published by International Telephone and Telegraph,
New York, (p. 964 ff), will be useful.
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BURNING RATE
BOMB: A Proposal

By Charles Pooley,
Reaction Research Society

Much of the frustration for the amateur rocketeer comes from
having to guess certain performance parameters, some of which are
rather critical. One of these, for solid propellant rockets, 1s the
linear burning rate of the propellant, or the rate at which the
flame advances through the propellant.

In a solid propellant rocket, the pressure in the motor (which
should be a known fraction of the bursting pressure of the motor
caslng) 1s dictated mainly by the throat area and by the rate of
production of gas from the burning propellant. The production rate
1s the exposed burning surface times the density times the linear
burning rate.

Density 1s normally constant, and easlly calculated. The ex-
posed burning sarea varies with time, and can be somewhat difficult
to calculate. (See RRS NEWS 100 for an incremental method of cal-
culation.) But generally, these two factors can be predicted by an
amateur. It is to the linear burning rate that we give our atten-
tion.

The burning rate 1s usually given 1in basic texts as
R =a + b-pn 5
where a and b are dependent on the initial temperature of the pro-
pellant, and near room temperature have slight effect on R, the

burning rate; p is the pressure; and n 1s a constant, a character-
istic of the particular fuel.?¥®

Suppose we ignore a and b, and assume n = 1, so that R = p, or
at least R 1s proportional to p. And in almost any motor, the pres-
sure 1s proportional to the gas flow rate because of the nozzle, so
that here would be an unstable condition. Any slight rise in pres-
sure would be met with a proportional increase in burning rate,
which in turn would increase the pressure until an explosiocn took
place.

On the other hand, i1f n = 0, then R would be constant (pO & 1)
Any small increase ln pressure would not be augmented by an increase
in burning rate, and the pressure would not build up catastrophically.
We would then have a stable situation.

*A good derivation of this formula, as well as an explanation of the physical as-
sumptions, is given by Francis Warren in Rocket Propellants published by the Rein=-
hold Corporation, New York, in 1960,

RRS NEWS 17



In practice, n is usually between O and 1, and although the
propellant 1s in a stable condition, any pressure fluctuations (or,
more likely, miscalculations) tend to be aggravated to some unknown
degree.

And there lies the problem. To know the burning rate of the
propellant at varying pressures so that the rest of the motor can
be designed to fly and not disappoint. It is proposed, then, that
a device be bullt which will measure the rate of burning of some
propellant sample, while subjecting it to varylng pressures.

NICROME WINDING
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R
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)
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RESISTORS O~ 2000 P3l
H.P. PASSTHROUGH
J
¥,
FILL § DRAIN 2-3" £-4 STAINLESS
VALVE [ 1 TUBING
F1G. | PRESSURE
TRANSDUCER

GAS PRESSURE CONTROL. SUFFICIENT VOLUME 30 PRESSURE
RISE FROM GRAIN 1S LIMITED.

GAS PRESSURE. In the interest of safety and simplicity, constant
pressure will be maintained not by a relief valve but by constructing
the container of such ample volume that the amount of propellant
used could not burst it. It can be shown that a propellant sample
will not increase the pressure in an already pressurized contaliner
by more than would be caused by pumping in the grain's welght in the
kind of gases i1t produces and heating the resulting gas by the amount
of heat produced by the grain. These are both rather easily cal-
culable quantities. Departures in the behavior of a graln under test
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from such a "perfect grain, such as condensing components and heat
loss through the walls of the devlice, tend to reduce the pressure
rise.

Such a pressure vessel 1s shown in Figure l: there 1s a holder
for the grain and igniter, electrical passthroughs, a pressure
transducer to record the pressure while the graln is burning, a
pressure gauge, and a valve for admitting and dumping gas. The
vessel could be constructed of high pressure pipe and fittings, and
should be hydrostatlically tested to several times the highest pres-
sure expected.

The graln temperature could be checked and regulated before
ignition by fitting a thermistor and winding of nichrome wire a-
round the grain.*®

o .
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WIRE BURNS THRU
FUEL ? ? §.§\; P
C\RA'N ) / "/ Sy % Z /’ . ~‘\'-

i D ouT

|
100.0, % AUD. PREAMP
1 |MPUT IMP 50K

FIG. 2 BURN RATE INDICATION PREAMP 1S A SPECIALLY BUILT
AMPLIFIER OR SCHMIDT TRIGGEK.

RATE MEASUREMENT. It would be difficult to show a continuous
rate of burn, and lnstead a system of showing the instant the flame
burns past given points is given in Figure 2, Fine wires are
threaded through the grain at regular intervals, and connected as
shown. Each time any one of them burns through, a sharp, regular
pulse comes from the amplifier,

*The June 1961 ARS Journal suggests a more effective system for preheating the
propellant strand. By surrounding the strand with a massive heat sink, and then
preheating, or cooling, for periods on the order of six hours, the strand can

be brought to the desired temperature, and then removed from the oven and trans-
ferred to the test bomb with no significant loss in temperature. Tests show
that the bomb can hold the test temperature for at least six minutes, and there
is little need for more than two or three minutes between transfer and test,
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SYSTEMe Shown in Figure 3 1s how this would be set up. The
pressure transducer (any of several fast-acting units available)
gives some electrical signal proportional to 'pressure. The recorder
ls a single~ or two-channel pen recorcder, having a fairly rapid
paper advance. Figure |, shows what a record might look like. The
sharp spikes of the pressure trace will indicate the burning rate.

The operation of the device would be as follows. (1) Install
fuel sample., (2) Pressurize with nitrogen or air to starting pres-
sure--a little below the pressure range to be investigated. (3)
Heat or cool to room temperature the grain. (l4) Fire, with recorder
on. (5) valve off gas when cool,

With the information gained, a propellant can be used with the
parameters now predictable, important in "optimizing" a small solid
propellant rocket. The wall casing may be chosen without fear of
it blowlng out or of being too heavy. One would now have a "scien-
tifically designed" rocket.

\GNITION 1 9T, WIRE
-1 {-f— 2 ND. WIRE

2000 - le)})/,,
1500 -

\

1000 -
500 - /
O bk s A A A e G RS G [Eias Sa e e (am A S
Il 2 3 4 5 6 7 8 DIST. ALONG CHAKT
FiG. 4

POSSIBLY WHAT RECORD MIGHT LOOK LIKE, LEFT,
BURNING RATE TAKEN AS AVERAGE BETWEEN 2 SPIKES,
PRESSURE A3 MEAN BETWEEN BPIKES, |

30 _ RRS NEWS



PEAK SENSING
EXPERIMENTS

By Don Girard,
Reaction Research Soclety

The Society, in recent years, has had relatively
little success in deploying parachutes from a

rocket in flight. The most significant experiments
along this line were conducted by Dennis Shusterman
in 1964 using photo-sensitive devices, but Mr,
Shusterman met with mechanical limitations. It was
generally felt by the Societv that the theory was
good, and that a step-by-step program of study would
yield a reliable system. This article reports the
first results,

Rocket vehicles are expendable, not through desire, but by
nature. Most motors may be fired once, and soft recovery serves
little purpose. It is not so with the package, for both life and
father's camera are priceless.

In large vehicles, parachute deployment may be triggered by
barometric sensors, ground informatlon (telemetry), gyroscopes, or
airstream indicators. In small vehicles, from one to six inches
in diameter, for local altitudes, say ten mlles, more compact
units are needed.,

Slmple inertia switches will not work for missiles essentially
ballistic, as the weight or trigger element must move forward rela-
tive to the motion of the rocket. This implies the rocket ac-
celerates at a slower rate than the trigger, which is the situation
from burnout to impact. Gravity accelerates both at equal rates,
but drag forces consistently impede the motion of the rocket from
the time of burnout, or at the duration of powered flight. The
trigger will be in a forward position, or closed, for flight up and
flight down, perhaps great for observation, but useless for parga-
chute deployment,

Timer devices are at best chancy, for there is a presumed
foreknowledge of the performance of the rocket: 1t will reach such
and such an altitude requiring so much time. Calculations of this
time are complicated by experimental knowledge that time up is not
equal to time down, but rather is of the order of one to one and a
quarter,

Mechanical accelerometers are possible solutions, since when
the drag force decreases to some small value, this change is ac-
celeration may be sensed within the rocket. Drag force is propor-
tional to the square of the velocity, and there is always present
at least a small horizontal drag force, implying a need for experi-
mental verification of accelerometer calibrations.
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Gyroscopes are excellent attitude references, or peak sensors,
but are quite expensive.

What is left? What hope 1s there for solution? We turn in
desparation, nay, in enlightened confidence to the mystery of elec-
tronies. Our search is not without effort. Theory abounds, but
application is scarce.

To quote from lir. Shusterman's article of NEWS 99:

"A simple attitude sensor is one which uses the sunts light as

a reference. When the sun is above the rocket as it travels
upward (assuming a stable flight), the observed light intensity
1s more or less constant. At peak altitude when the rocket
turns downward, the light intensity 1s greatly reduced.

"A design approach would place a photosensitive device pointing
upward in the nosecone of the rocket, responding to light in-
tensity changes by variations in resistance or voltage output.
This change will actuate a circuit, which in turn fires a sepa-
ration or parachute ejection charge."

A history of one success in eight attempts, using a back=facing
photocell, and a silicon controlled rectifier as a latching relay,
prompted Bob Schreiner and the author to undertake a series of tests
on a modified design.

Five identical motors were built, a foot anc a half long and two
inches in diameter, It was expected the rocket would reach about
1200 feet altitude, enough to subject it to flight strain, but not
so far that it would be lost from visual tracking. The propellant
was zinc dust and sulfur.

The circuit operates in the following manner. The photocell
resistance 1s at a maximum when there 1s complete darkness, It is
a photoconductive device. The photocell and trim pot serve as a
voltage divider across the battery. When a large voltage appears
across the photocell (when light intensity decreases), this same vol-
tage drop (neglecting leakage current) appears across the cathode to
gate of the silicon controlled rectifier, and implies a heavy gate
current. The gate 1s then opened, and current flows cathode to anode
through the load, and the squib is fired.

Without the shunt resistor (photocell), the trim pot is adjusted
to just draw cathode to gate current necessary to open the SCR. Then
this value is halved (approximately), the shunt replaced, and at some
maximum value of shunt, the current through the SCR is about twice
that to open the gate, and the load fires.

Field conditions demand both a safety jack, and a test jack; the
safety to prevent premature firing, and the test to adjust the cir-
cuit to desert light.

The trim pot and SCR were encapsulated in mil spec epoxy, to
dampen transmitted vibration, and to act as a heat sink from the motor
combustion.
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The squib for the experiment would fire a display charge at
turnover, rather than separate a parachute compartment.

And it came time for the first testing. The rocket went up,
the rocket went down, it landed, the squib fired, some words were
spoken, some modifications made.,

For the second, and subsequent experiments, it was felt an
ultraviolet filter, together with a larger battery suppiy, would
allow a successful firing. At this time we don't know. The cloud
cover that kept us company the entire weekend would not permit a
proper distinection between light up and 1light down.

Hindsight (though we're not sure wc've come forward enough to
call 1t that) forces us to consider several factors before con-
sidering the experiment complete. A spectrograph analysis of our
firing area must be taken, in winter and in summer. The circult
temperature must be monitored during firinz. Battery supply size
must be standardized, or squlb current draw reduced.
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A typical voltage-current curve for an SCR is given here, to-
gether with an explanation of the various regions of operation. 1In
the forward blocking region, increasing forward voltage does not sig-
nificantly increase current until the point of avalanche multipli-
cation. Past thls point, the current increases rapidly until the
sum of the carrier junction currents is greater than one. At this
point the SCR goes into high conduction, provided that the current
through the device remains greater than a minimum value called the
holding level.

In the reverse direction, the SCR exhibits characteristics very
similar to ordinary back-=biased silicon rectifiers. For increasing
gate currents, the region between breakover current and holding cur-
rent is narrowed, and the forward breakover voltage is reduced.
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A SURVEY OF
STATIC FACILITIES

By Don Girard,
Reactlion Research Soclety

Zinc=-sulfur began as a mystery and may end as a mystery, but in
the struggle we have learned a lot about professional rocketry, and
that may be all right too. In our studies we have discovered thrust
and characteristic length and chamber pressure, but always from the
textbook. Flight testing has yielded a certain amount of informa-
tion, but still usually only answers the question: did it work? To
know whether 1t worked better than before, ah, my friend, go to the
textbook and read what somebody else found out.

But let us come to the point. Static testing is very nearly
upon us, and by us I mean the Society, the RRS. That process was a
hesltant one, dating to proposed structures in 1960 anl gaining
11ttle momentum until 1966, when the Socisety began in earnest to
review proposed test site facilities.,

The first dream that came to our attention was that of Rlick
Bennett, a college student of San Jose, <alifornia. Bennett had
had the unusual experience of working with professionals in rocket-
ry (at Marshall 3pace Flight Center in Huntsville, Alabama) as an
award winner in the National Science Fair. His sketch of an advanced
student test site was accompanied by a forty-two page unsolicited
proposal presented to NASA and the Department of Defense, Estimated
cost without instrumentation: $20,000,

In fairness to Mr. Bennett, we quote from his proposal:

"The United States can only stay ahead in space exploration if
we support and maintain the pace of our programs at an ever
accelerating rate. This will require the continuing efforts
of thousands of young scientists and technicians, especially
if we want to avold a serious gap between the personnel
operationally connected with this progress and the general
public. The establishment of static test sites for student
experimental rocketry is proposed to avoid this 'gap,!

"Most young people want to investigate what they see and to ex-
periment with any new idea. This in rocketry usually means
constructing rocket engines, :

"The test site plan would consist of four main test areas:
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(1) a low thrust area designed for close observation of small
propulsion systems both liquid and solid, for rockets up to
500 pounds in thrust; the low thrust area should be capable
of handling wind tunnel and blow-down equipment; (2) a medium
thrust area, designed for vertical testing of complex low %o
medium thrust rockets, both liguid and solid, for rockehs up
to 3,000 pounds thrust; (3) a high thrust area for horizontal
and vertical testing of high thrust solid rockets; and () a
blockhouse-workshop."

Desplte a cover letter by Konrad Dannenburg of the Marshall
Space Flight Center, Bennettt!s proposed has received little enthus-
lasm and some critizism from NASA administrators. NA3A's traditional
response to student rocketry has been the look but don't touch ap-
proach. Information 1s given with some freedom, but NASA will not
sponsor actual experimentation. (The Departmen% of Defense does
test amateur rockets under special circumstances,)

A government-sponsored test facllity expressly for amateurs of
any design 1s extremely unlikely, according to one source at the
NASA Western Operations Office. However, according to that same
authority, there ls some movement underfoot to sSponsor such a facle-
lity through lndustry, much as automobile experiments are sponsored.
But no such facility exists now, and the RRS is forced to consider
Bennett!s proposal in the light of individual financing and initia-
tive.

The questlon is, of course, one of day to day use. Exceptional
rockets have been, and continue to be tested with the co-opseration
of the armed forces. Normal experiments require normal equipment:
three test bays are extravagant, elevator platforms luxurious, blow-
down equlpment absurd. Zxpedience guides us here, and sugzests that
far too many hours are to be spent on structures, and too few on
instrumentation.

A less fanciful test cell is suggested by Lt. Col. Charles M.
Parkin, Jr.*, but research has yielded little legitimate information
as to vehicle strappings and instrumentation.

The Society did find significant information from two static
sltes that have been constructed and are in current use for student
experlments. The first we would report on is the Perkins Rocket
Safety Test Center in Sacramento, California, supervised by the
Rocket Research Institute.

That test complex has two blockhouse control buildings com-
manding the test activity from opposite sides. Two stands are
used, one an I-beam with a concrete bay at its base, the other an
elaborate twin I-beam structure that pivots from the horizontal to
the vertical. The second stand was bullt to test hot water rockets
for Truax Engineering, and 1s available for use to student rock-
eteers. (See photograph.)

*Author of Rocket Handbook For Amateurs, published by the John Day Company,
New York.
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This second stand, while professionally engineered, 1is however
a special purpose structure, and is not immediately adaptable to
the Soclety liquid rocket needs. Two ideas were garnered: allow
the thrusting to occur between the strength-carrying elements; and
counterbalance the stand for smooth plvoting.

The first stand, the one nor-
mally used, brought these observa-
tions: the thrust cell fixture must
be integral with the stand, and not
a tag=on; there must be a secondary
platform for work above elght feet;
communications must be direct from
the stand to the controls station
(electronic if need be); and the
positioning guides for the rocket
should be strong enough to take con-
siderable lateral forces,

The bipropellant liquld test
cell at the Massachusetts Institute
of Technology, the second complex
we would report on, gave the Society
an experienced report as to the con-
trols necessary for liquid work.

The MIT englneers detalled the regu-
lation of compressed air, high and
low pressure nitrogen, high pressure
oxygen, fuel, and coolant during low-
thrust rocket operations.

Oxygen and nitrogen are supplied
from standard cylinders, compressed
air (15 psi) is supplied by the In-
stitute, and the water coolant comes
directly from the main. The oxygen and nitrogen can be regulated for
various pressures.,

Electrically operated valves are used for opening the main
nitrogen valve, the coolant valve, and the main propellant valve,
The propellant vent valves are operated pneumatically, as is a cham-
ber pressure sensing switch (designed to insure a minimum 100 psi
chamber pressure before the test begins).

A schematic of the various vents and valving is presented on the
following page. The motor thrusts against a cantilevered steel sup-
port.

The MIT experience allowed us to judge with some assurance on
the controls necessary for work with the hydrogen peroxide and methyl
alcohol rocket (NEWS #100) and to report wlth favor on the proposal
of Leroy J. Krzycki incorporated into the book reviews of this
issue.

We end our report here, as the major influences on the Soclety's
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Krzycki, Leroy J. How to Design, Bulld and Test Small Liguid-Fuel

Rocket Englines. Chlna Teake, Californlia: Rocketlab

This booklet of about 60 pages is well written and obviously
from actual experience. The material is well presented in a logi=-
cal series of design steps followed by a typical example for de-
sign and fabrication, in a most straightforward manner. The book
carries through to instslling and testing of the system, and
follows up with a good bibliography and list of suppllers.

The author has chosen to limit himself to gaseous oxygen for
his oxldizer and to the testing of the system only. He has chosen
not to go into the areas of performance such as thrust, pressure,
and temperature except to mention it casually.

A few of the author's comments detract from the text, such as
", . . amateurs should not consider building uncooled rocket en=-
gines," ", . . water 1s the only coolant recommended," and ". . .
advanced metals and fabrication techniques are far outside the
reach of the serious amateur bullder." Aside from these things,
this book is recommended to the serious amateur buillder and the
author is to be commended for his excellent presentation.

1

RRS REPORT ON . .. /
i
THRUST & DRAG

/

//

METHODS OF DATA
REDUCTION ON AMATEUR

ROCKET FIRINGS

PRIEPARED FOR THE

/ Reaction Research Soclety

BY

GEORGE DOSA

34

Written expressly for the amateur roc-
keteer, Thrust and Drag takes data ob--
tained from properly planned movie film
and arrives at values for thrust, co-
efficient of drag, and specific impulse
by a series of algebraic calculations.

The text is carefully written, and well
illustrated, with graphical results
given when possible.

This fifty page report sells for two
dollars. The manuscript has been re-
produced by the photo offset process,
and is attractively bound.

Published by the Reaction Research So-
ciety, Inc. Copyright 1966
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Taylor, Denis. Introduction to Radar and Radar Technigques. New
York: Philosophical Library, Inc., 1986

Basically a historical book, Radar and Radar Techniques also
gives some simple technical aspects of the radar system. However,
i1ts main subject is the history of radar since its inception in
WW II. The research alone here was superb, and many interesting
aspects, from detecting the launch points of V=2's to finding the
location of a quasar are presented.

The text is well written, and presents an interesting and
highly readable story; however, for anyone who wlishes technical
detall, a textbook might be of greater value,

Jennison, Roger C. Introduction to Radio Astronomy. New York:
Phllosophical Library, Inc., 1966

Far too much popular reading material has been printed on radio
astronomy. Here, in a clear-cut text, is an easy introduction to
the theoretical aspects of the subject.

The book was written as an attempt to bridge the gap between
the popular literature and the highly detailed textbooks, and it
succeeds admirably. The mathematics that is introduced is clear,
relatively simple, and a concise verbal summary is given after the
treatment.

For the interested amateur, looking perhaps for an introduction
to the subject, this is the book.

Excerpts from the minutes of the RRS meetings:

Bill Claybaugh, Bob Schreiner, and Don Girard presented a
half-hour program to Canoga Park Optimists, requesting financial
backing for the NEWS. « . « The work party of May 28-30 established
a mlle and a quarter of down-range road, and burled one-half" mile
of communications cable. . . . Decision made not to buy a milling
machine, offered at $300, because of a lack of fundse « o

Rick Bennett presented his plan for an advanced amateur test
slte that includes three test structures. . . . Rick Bennett re-
ported from Marshall Space Flight Center that NASA is offering
serlous consideration to the proposed amateur test site installa-
tlons. George James of RRI has asked the Soclety for criticisms
and suggestions of the current proposal.s o o o
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Two swap meets netted $150 for the Society. . . . George
Dosa announced the release of full RRS Beta drawings. . « « First
edition of the RRS Technical Notes, a one page brief, dealt with
fixall nozzle construction. « « .

Construction of the sorely-needed new blockhouse has begun,
due in large part to the generosity of Mr. Lyle Kellogg, of
California Preclsion Concrete Block, in donating block and cement
for the project. The solid concrete re-inforced structure is
twice the size of the previous blockhouse, and provides better
viewlng opportunities.

And as a special note, the RRS NEWS 101 achieved a unique posi-
tion among RRS publications. It pald for itself.

From the desk of Emerson Foxtall,
author of the Y-l standard experi=-
mental rocket. . o o

FUEL COMPACTING CELL
DOWN Al ALL THE WAY ..
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The Reaction Research Society is one of the oldest rocket societies in the v.s.,
and is in joint possession of the largest amateur testing area in America. The
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