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1. PURPOSE OF THE STUDY

The purpose of this study is to evaluate detailiregnents and design criteria based on
factual manufacturing, technology and price po$isés of the SStS development team only.
Design solutions wherever presented from origimsse are listed in literature.

2. MAIN PARTS, ASSEMBLIES & MATERIALS.
THE NC TIP.

The tip is subjected to high temperatures duringiisand reentry. The heat flux in higher
altitudes is low; this fact interacts with consegjuessemblies. The total amount of heat
accumulated in the NC tip and the skin should beldéd or eliminated by internal foam
insulation, could be additionally decreased byvacéivaporative cooling or by combination
thereof. The graphite as the main tip materialldbese=n recommended. Another solution, based
on silica microballoon & epoxy or silicon ablatif@am is proposed as an alternative,
lightweight solution. Ablatives are currently beitggted; one of samples based on HT epoxy,
high fraction of silica microballoon, self-extinghing additive and milled glass

reinforcement provides good quality char with elergl peel properties (study will follow).

THE NC SKIN ASSEMBLY.

The skin is subject to high temperatures, but losvers than the tip. The actual "heating
array" could be defined based on CFD study. Gelyethk higher temperatures are in the
front sections of the skin, aft ones reach surfaogeratures of the main airframe. Presently
it is not completely clear, if additional ablatilaers will be necessary when the skin will be
manufactured from HT epoxy resin based materiagsaout 500 F). As alternative, if glass
or quartz based filament would be chosen as a reaiforcement material, the silicon
laminating resin could be considered as a composiieling matrix. Consequently, I'm
currently purchasing samples of silicon resin basatkrials, known under the trade name
Lukosil (manf. By Lucebni Zavody Kolin, CZ). Theaee primarily used for electrical print
circuit boards. Resins are methyl-silicon and meginenyl silicon based, one or two
component liquids, good mechanical and electrioaperties and capable of "short trip"
thermal loads up to 500 C (1000 F), based on catpditerature. Price is not currently
known, but it could be expected between 10-20 U§Dksadvantage of those materials is
necessary post curing between 200-250 C and as fiadknow, good compatibility only with
glass & quartz reinforcements. These materialsccbalsolutions for the main rocket motor
shielding, etc. Right now, there is no known exmorselling restrictions for these materials.
In order to provide good access to electronic lealgay) | would prefer "removable NC skin
design", based on original SORAC design. Removednhécal would be affixed by several
steel or aluminum alloy countersunk bolt as showiiigures.

INTERNAL COMPONENTS AND ASSEMBLIES.

Based on "KISS" principle | would prefer simple quusite structures. Although honeycomb
sandwich solutions are often used, they shouldabg ® manufacture in "home conditions".
For mandrels manufacturing purposes, al least @nawnised lathe will be necessary. In
presence, it is expected that all assemblies willhanufactured by washout-core mandrel
technology. This solution doesn't require difficodtgative moulds and it is effective for
manufacturing of 1-3 similar parts only. In additjalissolvable plaster mandrels are
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commonly usable up to 200-300 C. These temperatweesecessary for postcuring of silicon
resins as referred above. G-shock protective nadgempplicable during landing are not
discussed here. The internal shock and thermaggtion, if necessary, will be evaluated
later.

PARACHUTE CONTAINERS.

Three different approaches are discussed in thdy s he classic one subsequent ejection
design where parachutes are loaded in full airfrdrameter. In this case, which is mainly
used in rocketry, the following device could beessled only after previous one has already
been deployed. This solution is commonly knownudaitg necessary hints, that is an
advantage for us. The next solution uses seveparate parallel-organized containers; each
one might be loaded by parachute or by additiolegitenic measurement device, antenna,
stabilizing balloon, etc. Bulk factor however, &atively low. Following solution with
"lemon segment design", eliminates this disadvantag

THE NC-FUSELAGE JOINT.

This joint is a critical component. Although thdet components might fail without
subsequent mission failure, failed or improperlgigeed joint incidentally released during
ascent would cause vehicle destruction. For tlasar, | would prefer professional solution,
even if they might be apparently expensive or clifti to handle. Examples of commercially
manufactured payload releasing devices are cldssstiock explosive bolts or shear devices
(I expect both of them require licensed personmély and operate), however provide solid,
highly reliable solutions.

Non-explosive option, which could be easy to buandie and operate, would be "rotary
release" devices (one example is described insetin-home solutions"). Release nuts,
based on memory alloy (SMA) or electric powereaviigel nuts manufactured for instance
by Starsys inc. (FASSN 1500), etc., are the exasnpttowever, systems must have low
actuating time. This circumstance eliminates alnatigtaraffin based actuating devices, their
releasing time is in minutes and therefore are itaisle for our purpose.

E-BAY ELECTRONIC.

The electronic devices are not discussed here. @mharginal matter is discussed influence
of electrical properties, antenna and shieldingpf@liminary purposes.
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2.1.1. THE NC TIP CRITERIA & MATERIALS

The solid graphite has been recommended for deditre tip. Design of the NC should
consider high thermal conductivity of the graphredative high thermal capacity and its
fragility. Connecting joint in all cases is congielé to be thread-screw based, screwed down
into several layers of dry thermal resistive cl@€levlar, alumina or silica refractory fiber
based cloth etc.). If the high-quality graphite signover1.8 g/criwould be considered,
design could be simple — the front semi-ball angpsuting shank made from the single piece.
For medium grain and subsequently low graphiteitiessised, design should consider
additional hazard of the high stress and potehtighking point between root of the ball and
the graphite shank. In this case, design uses geapghassembly made from 2 separate
pieces, which would eliminate this possibility. Vheould be bonded together by graphite-
based adhesive. Design doesn't show chance o$lihtérig” of carbon parts in collet manner
to release additional stresses caused by strudesain inaccuracies and thermal heating
load. Another approach is using of the ablativerfonaterials. The particular results based on
HT epoxy resin shows strong char with very goodipgeroperties (tested only under
propane torch). No bubbling or foam peeling waseoled during preliminary testing. After
releasing from flame, material remains red hotsmreral tenths of seconds until it is cooled
down by air. Another composition based on silicesim binder provides strong char, but
layer of low shear strength remains between undadibgse material and pyrolytic zone.
Note that instead of quartz fibers originally regdiin composition, only E-glass has been
used. Foam materials could be manufactured sligdwiger; they would partially erode
during ascent. Generally, foams would provide sofulighter in weight, more fragile for
handling, but easy to repair. Following are showevaapproaches including internally
cooled design.

2.1.2 NON-COOLED AND EVAPORATIVELY COOLED GRAPHITE TIP DESIGN
In the following are discussed different designseobon solid graphite tip. This includes tip

"dry" or evaporatively cooled down directly or inelttly. There are a lot of different
approaches possible.

Page 5of 29



FIG.: NC1
Single piece graphite tip

1...heat resistant casing,
phenolics

2...single piece graphite tip
3...heat resistant adhesive joint
4...heat insulation washer,
asbestos, etc

5...threading

6...evaporating holes
7...porous material soaked by
water or melting/evaporating
material

8...embedding material (Kevlar,
refractory fibers, etc)

9...joint

10...closure

11...e-bay area

12...skin assembly

The Fig. NC 1 shows solid graphite tip design vaitiditional internal insulation to prevent
heat transfer into the e-bay area. Optionally tihenight be evaporatively cooled down by
water or other liquid or melting and evaporatingenial. Vapors are being released by thin
openings in the skin (small holes through the walfjer dry up, layer 7 provides dry thermal
insulation against heat flux into the e-bay. Thasld be for instance dry glass fiber, cellulose,
treated by ammonium chloride, etc. If additionat@®position of this material would be
expected, material must remain very porous to premecks and inflating of the skin caused
by decomposition products.

If "dry" solution would be chosen, instead of filmsed material a good thermal insulation
could be used (PUR foams, Rohacell). In this casaen material should be drilled through to
release all decomposition products.

Next Fig. NC 2 shows similar design using low-grgdelity graphite. Advantage of this
solution is lower stress in shank. Consequentbelis a lower hazard of crack in this area.
Structurally better solution would be use of lighftexible adhesive capable to sustain
required temperatures.
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FIG.: NC 2
Divided graphite tip

1...heat resistant casing,
phenolics

2A... graphite pin

2B...graphite adhesive
2C...graphite hemisphere
3...heat resistant adhesive joint
4...heat insulation washer,
asbestos, etc

5...threading

6...evaporating holes

7... porous material soaked by
water or melting/evaporating
material

8...embedding material (Kevlar,
refractory fibers, etc)

9...joint

10...closure

11...e-bay area

12...skin assembly

In both cases, the tip remains hot during flightvaay - tip is only indirectly cooled. After all
the liquid has been evaporated, only dry wall retséetween tip and e-bay.

This is improved by following solution Fig. NC 3here tip is actively cooled. Here, the tip
remains at ablative (evaporative) temperature duastent, vacuum flight and descent until
full reserve of the cooling (evaporating or meljirgent is consumed — tip is in direct contact
with cooling material (tip is directly cooled).
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FIG.: NC3

Divided graphite tip, directly
cooled

1...heat resistant casing, with
openings, phenolics
2...assembly of the graphite tip
3...heat resistant adhesive joint
4...heat insulation washer,
asbestos, etc

5...threading

6...evaporating holes
7...porous material soaked by
cooling liquid or ablative,
interconnected through
openings in"8" with shank
embedding material)
8...0penings in casing)

9...joint

10...closure

11...e-bay area

12...skin assembly

This solution would provide the lowest tip temparatduring all flight. Droplets of the
melting and ablating material (for instance wapalyglycols, etc) could provide additional
cooling effect for front parts of the NC skin. Tbaver 10 however, remains in direct contact
with the e-bay and hot evaporative liquid on tHeeotside. For this reason, evaporative
temperature should be as low as possible. Or, gmatibn of directly cooled tip with
additional insulation wall would provide better ués.
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2.1.3. ABLATIVE FOAM TIP

Ablative tip is working in different conditions. leflux from the friction remains the same or
is slightly higher because of rough surface, butese temperature will rise more quickly
(less denser material). Because of lower thermadlgctivity, the heat flux into the structure
(thermal conductivity is to be tested) should bedo Tip might partially burn off in lower
altitudes, until the vehicle reaches level of atpi@sic pressure where the partial pressure of
the O2 doesn't support burning anymore. For tlasaes, ablative material should be
designed as self-extinguishing under flight cowdififor instance by adding ammonium
phosphate. Self-extinguishing material burns offvali, however flame spreading is
significantly lower. During reentry, in lower aliiles with higher O2 pressure, it provides
additional safety factor for the parachute lines et

FIG.: NC4

Ablative foam tip, uncooled
(classic low-density ablator
configuration)

1...shape prior the flight
1A...shape after flight,
2...reinforced skin
3...epoxy syntactic
4...closure

5...regular skin assembly
thickness

Fig. NC 4 provides lightweight solution. Ablativip ivould be manufactured separately,
postcured and machined to required shape. Finishegbuld be bonded by syntactic into the
NC assy. Epoxy syntactic might be regular epoxyatialloon mixture, or foamed epoxy
material (by blowing agent, commercially availab®kin around the foam would be highly
thermally loaded; erosion could be expected here.

Although | would prefer epoxy ablative for this dipption, silicone based mixture could
provide better properties and thermal resistanagpd?ties of those materials are to be
evaluated yet (Lukosil materials, referred above).
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FIG.: NC5

Ablative foam tip, internally
cooled, with pressurizing port

..pressurizing port

..Shape prior flight,

..ablative tip

..Shape after flight

..cooling & evaporating holes
...reservoir of the cooling age
in refractory or Kevlar fiber
7...plug

8...epoxy syntactic

9...e-bay cover

oghwhE

This solution would provide additional cooling eftdor front sections of the skin. Because
the heat flux through the ablative foam is very Jownamic overpressure would push out
droplets of the cooling agent still which remaiigiid. In velocities over M3 the dynamic
pressure on the tip is about 3 times higher thaskim at Mach 6 approx 4-5 times. This
solution seems to be excessive; | would rather gy of solid ablative plug & reinforced skin
around the joint plus flame testing.

Page 10of 29



2.2 SKIN SOLUTIONS AND MATERIALS

Skin shapes have been already discussed. For nisvexipected that a true cone will be used.
However, shape might be changed if internal comptsnand their dimensions (electronic,
antenna, power source, release/clamping mechapamachute assembly) will be too large. If
necessary, the main NC/airframe joint might be nddvack to provide additional place for
the payload.

Presently we assume that skin will consist frondsitberglass or other RF transparent
material. The other reinforcements that meet #gggirement are quartz glass (the best HF
properties on UHF band, widely used for radome-cejvand aramide. Kevlar provides
additional advantage of lower density and thermaldeictivity.

The other variants are for instance classic hormapcdesign (less weight), however at higher
temperatures the air trapped inside the honeycamld @xpand and cause bubbling and
voiding between honeycomb and skin and therefa® & the mechanical stability. Solution
for this problem would be perforated skins or "&dt honeycomb (each cell is
interconnected with the other by tiny slot, prowigliventilation inside the panel). As an
option, grain balsa wood or sprayed & machinedcstinal epoxy foam could be used.

We are uncertain about skin materials for nowhedame are high-quality epoxies,
phenolics and silicon resins. If necessary, al#ator high-quality paints could be used on
front sections. Professionally manufactured abéativsable for NC skin would be for
instance Dow Corning 3-6077 RTV Silicone Ablativeéhwpenetration rate 0.035 mm/sec at
45W/cnf (approx 40 BTU/fts).

Silicones are to be tested yet, however basedamnary information should be

compatible only with reinforcement based on glassguartz.

Additional possibilities are ceramic-based compssénd foams (glass and microballoon-
filled Vubonite, refractory materials etc).

We are uncertain about electrostatic charging eftin and corresponding solutions during
ascent and subsequent flight for now. Using ofdsaah aircraft semiconductive paints
probably doesn't allow us to install antennas ra#y. Standard solution would be outer
"patch” antenna or array. This would allow usekon surface as an "antenna counterweight".
Electronic staff should make the final decision.
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2.3 PARACHUTE CONTAINER DESIGN & SOLUTIONS

Final configuration depends on several factorsloohg sketches are for reference only.
Widely used design (subsequently released unies3rdbprovide possibility of redundant
parachute, ejection of additional device indepetigext the phase of reentry, etc. This can be
achieved by parallel configuration of ejection @nérs. These might be for instance of the
simplest possible design (aluminum or compositeshbr, their cluster could fulfill back of
the NC completely what leads to the "lemon segmeuitition (LCS). Particular segments
could be different size, shape and cross-sectiea. dihe NC clamping device might be
placed at the center. Solutions per sketches NGB7&n't provide advantages of the
sequential extracting of the parachute; each dewigst be released separately.

FIG.: NC6,7,8

Parachute container designs

NC 6

4...subsequently released
parachutes (or drag plate &
parachute)

NC 7
1... aluminum or composite
tubes (independent ejection)

NC 8

LCS

2... assembly and single
segment

3... the NC release device
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2.4 NC & AIRFRAME JOINT SOLUTIONS, PARACHUTE RELEAS ING

This is a critical device. Any failure during fligfnot only during releasing operation) will
cause mission failure. Joint and its componentsilshime structurally checked for possible
mistakes and if possible, at least statically tes&andard solutions are listed in literature;
summary is described for instance in NASA SP-8@3glit Separation Mechanisms, 1970),
in "Comparison of Separation Shock for Explosivd Alonexplosive Release Actuators on a
Small Spacecraft Panel", NASA Techniéémorandum 110257. Example of the new design
is NASA/TM-2002-212047 X-38 Bolt Retraction Subtgm, 2002.

In my opinion, the professional solution shoulddpeferred, although it might be apparently
expensive or difficult to achieve. Truth is, thaewf classic solutions based on hi-shock
cutting devices brings additional problems withwsiion of components containing
energetic materials, their storage and handlingemyone have connection or certification
for this kind of job?). Devices powered by differsources of energy, electric, pressure air,
CO2, could be an option.

The second approach is using of an in-home develdpeice; this must be highly reliable,
carefully tested and checked under all flight-poigsconditions. We should have in mind,
that after spending of several months of hard weglcould find a "way to nowhere" — this
could be more expensive than a professionally nlagee.

2.4.1 PROFESSIONAL SOLUTIONS

It is out of my possibilities to describe them allen most of categories. Descriptions of the
most used are in, for instance, free available NABA AFRL literature listed in index.

2.4.1.1 PYROTECHNIC DEVICES

Some energetic cartridge powered devices (shese aad bolt cutters, frangible bolts, etc)
are manufactured for instance by Hi-Shear Technypl@@. Following pictures are samples
taken from corporate literature.

Shear cable & bolt
cutter, type
SL1034, cartridge
powered,
manufactured by

Hi Shear Tech.,
CA
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Example of exp.
bolt, manufactured
by Hi Shear Tech.,
CA. in any size up
to 12" length

Explosive bolt model
SB4400, functioning time
less than 2 msec, preload
capability over 5000 lbs
(ISO M12 bolt)

Hi Shear Tech.

Following devices belongs to classic pyrotechniciaied devices. They are extremely
reliable — manufacturer claims that during 46,00@iated devices no failure occurred.

Standard pyrotechnic
actuated separation nuts.

All devices are fully closed;
no fragments are being
released during work. Bolt
extractors are recommended
to capture bolt after ejection.
Hi Shear Tech.
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Separation nut, standard
design. Piston under the
outer case, sealed by O-ring,
crushes retaining ring,
moves against the threaded
nut, allows her to split on in
advance slotted sections.
Remaining overpressure is
pushing the piston against
the bolt to eject him out of
the joint. On the opposite
side of the joint should be a
bolt extractor installed.

Bolt extractor compactible
with separation nuts.
Hi Shear Tech.

2.4.1.2 NON EXPLOSIVELY ACTUATED DEVICES (NEA)

As an alternative option to energetic devices, lagobdne could be used. They are very often
based on SMA (Shape Memory Alloy) elements, whighheated to release their original
shape (only few of them have release time shomigmdor our application), paraffin based
actuators (clean, simply, highly reliable solutianfortunately release time is in minutes),
Fokker thermal knife, FASSN flywheel nuts, etc. $¢en possibly usable for us are presented
below.

Some devices, although highly reliable and widedgdiin SOUNDING rocket program, as
for instance Radax joint design (two twistable kekth slotted bushings, after twisting of
locks they can freely move out) are sensitive onurfecturing accuracy. | don't think we are
capable to meet such criteria during in-home preegsthe only way would be an off-shelf
piece. As well, a V-clamp represents a designithaardly manufacturable at home; V-shape
grooves require at least big accurate lathe anithminachine. In addition, this type of joint
would require solid blocks of aluminum that hav®éomachined; I'm not sure about our
capabilities in this way. | have spent several Baur design of such a joint based on
composites only, but | didn't get any usable resutich would be easy. In all cases, the
accuracy and tip-adjusting procedures would be bahly solvable.
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MiniQwknut 3K .

Low shock release nut, mass 200g, preload
capability 3000 Ibf, release signal 5A/ 35 msec,
release time less than 35 msec.

Life expected over 100 standard release cycles.
Starsys Research Corp, CO.

FASSN 1500

Low shock release nut, mass less than
200g, preload capability 1500 Ibf max,
release impulse 5A/30 msec, release
time less than 50 msec, life expected
over 20 full cycles

Lifetime probability of success

= 0.999972

Starsys Research Corp, CO.
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G&H low shock and FASSN internal components (desigim coop. LMA & Starsys Corp.)

Interesting possibility would be to build a devlz@&sed on Thermal Fokker Knife:

Function of this device is based on thermal cuttimgugh pretensioned aramide (kevlar)
cable. Version of this device, which could possidybuilt in amateur condition, would be
aramide or carbon cable or connection element @athbustible resin matrix; oxygen balance
of resin would be high enough to provide enougk fieygen for complete combusting of
pretensioned element. In case of using carbon éfdmedundant heating could be applied
directly to fiber (carbon filament is highly condive). Pretension capacity could be high
enough to install one central joint. Releasing motuen could be provided by one central
steel or carbon-composite spring (solution usahlg for small payloads).
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2.4.2 IN-HOME SOLUTIONS
They are mechanical, electrical, spring, pressirerajection charge powered devices.

2.4.2.1 Electric powered, flywheel, planetary geaudx, spring ejection

FIG.: RD1

Electric powered, planetary
gearbox, central bolt releasing
device. Symbolic sketch only.

1...lock ring

2...central bushing, a part of
gearbox & motor holder12
3...releasing nut, bonded on NC
main bulkhead 4

4...main NC bulkhead

5...main airframe bulkhead
6...NC cover (payload &
electronic cover)

7...steel or aluminum alloy
screw

8... attachment flange

9... steel balls

10... steel or CC spring
preloaded and shape after being
released

11...main bolt

12...motor & gearbox holder
13...airframe skin

14...motor & gearbox assembly

Device is based on electric motor & planetary geadictuated nut. The central spring
located between the main NC bulkhead and frontaairé bulkhead provides necessary
momentum to release payload. Spring could be stealofiled carbon composite (for
instance elliptic to provide higher force at thensacross-sectional area). Steel balls placed
around the joint perimeter retain shear stresseaglascent; and freely fall out during
payload release. The bending stress induced dN@heuring ascent is retained between nut
3, bolt 11 and holder 12. Theoretically, underaertonditions, this device could possibly be
used as a despinning device; prior payload woulceleased (heavy flywheel on the gearbox
shank of certain weight at certain RPM's). In treantime, the spinning energy would be
accumulated in the flywheel. After NC release, metould stop and the airframe would get
spun again or, spinning momentum would be dampeskioy friction during reentry.

Some planetary gearboxes commercially available/@ne powerful. For instance, Conrad
(German electronic shopiwvw.conrad.deis selling full line of metal planetary gearboxes
including electric motors. Gear ratio is accessibleange 5:1 to 1000:1 (in this case,
however, the shank does only 2 rpm). In this paldiccase at gear ratio 100:1; at 4.5 V the
shank does 47 rpm, at 15V about 157. Torque avaiktinominal 12V is 65 Nm (approx 580
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Ibf-in). Designs with 1000 Ibf-in are available. s price is about 35 Euro. Weight is about
200 gms. Current ratings at free run are about 1A.

Another option could be use of powerful electricesedriver (most of them have plastic
gearbox only), they are different in torque; weighépproximately the same.

Conrad planetary gearbox
with incorporated 380-line
electric motor. Motor is for
short time extremely
overloadable.

2.4.2.2 COMBUSTIBLE ELEMENT BASED DEVICES

Following sketch describes joint based on comblestidhesive. The NC is held in place by
oxidizer containing adhesive (such as mixturespoig with potassium chlorate or
perchlorate, etc). Adhesive must be reliably igrig@gaunder vacuum condition, have good
adhesion properties, and would be capable of \ast/furning to prevent surrounding
structures from overheat. Inside the joint wouldadeng cavity leading along the entire joint;
inside this cavity would the adhesive be ignitedc&use of burning in such a small space,
burning process would be extremely fast; intermaspure caused by combustion gases would
cause fast cracking and peeling of the joint. O@raime could be expected in 1-2 seconds;
short enough for our application. Redundant igeitaruld be placed along the cavity;
therefore igniting process would be more reliaBlgrning process would be easy pursuable
by photodiode if redundant igniting device would/@#o be ignited.

FIG.: RD 2

Combustible joint design, NC
release energy stored in spring.
Symbolic sketch only.

..NC skin
..main NC bulkhead
..front airframe bulkhead
..airframe skin
..attachment flange
...payload deployment spring
before and after the NC being
released
7...centering pin, bonded to the
main NC bulkhead
8... centering bushing
9... combustible adhesive

0... igniting cavity
11...ventilation openings for
combusting gases
12...sealing lip

ogkwhE
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Advantage of this design would be relatively simdsign, and possibly, testing. This
however, must be done in vacuum condition. Straksutations for adhesive joint could be
easy determined by standard methods.

Another type of joint is in the following picturBevice works on simple principle — washer
under the nut consisting of fully combustible matieis being burnt completely. After that,
the nut being powered by spring can freely squéazneigh the joint. It doesn't provide any
additional momentum, only releases structure #81#J. Therefore, it is usable in multiple
point configurations, for instance "4 around therpeter". Ejection, however, must be done
separately after all segments have been released.

FIG.: RD 3

Combustible element design,
wedge shaped washer.
Possibility of redundant
ignition. No additional releasing
momentum provided. Symbolic
sketch only.

..Bolt

..washer

..centering filler

..upper holder

..spring

..main NC bulkhead

..front airframe bulkhead

... lower holder

... combustible washer

10... thermal paper insulation
11... cover against spread of
combusting gases, with opening
for exhaust

CoNoOOAWNE

Another device working on a similar principle i2gm in Figure RD 4. It provides additional
momentum necessary to completely release payloadetsker, release time would be a few
seconds, therefore too long for contemporary wagykihseveral devices at a time. It would be
designed "single in the center".

Page 200f 29



FIG.: RD 4

Combustible element design,
wedge shaped washer.
Possibility of redundant
ignition. Provides additional
momentum.

Symbolic sketch only.

..Bolt

..upper segment

..lower segment

..main NC bulkhead

..front airframe bulkhead
..combustible wedge washer
...protection against hot gas
leaking

8... exhaust out of the airframe
9... spring

NogMLONE

On this sketch is not shown "centering filler" shoiw previous figure. Shear loads in this
case could heavily stress the washer. To prevaehponal failure, additional filler similar to
sketch RD 3 could be used.
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2.4.2.3. QUICK-COUPLE BASED DESIGN

FIG.: RD 5

Steel balls quick couple design.
Redundant ignition possible.
Approximate sketch only.

1...Steel pin with groove for
steel balls

2...upper segment

3...main NC bulkhead
4...front airframe bulkhead
5...lower segment
6...spring

7...balls holder, steel

8... ejection charge, combustible
adhesive

9... steel balls

The holder #7 is being released by combustion®gjhction charge or adhesive joint placed
in groove #8. The balls, being stressed betwee#piand lower holder #5 are ejected out.
Consequently, the pin powered by a spring, is bpirlgd through the lower segment #5 and
both structures #3 & #4 are released. Device wbaldensitive on surface material quality
and hardness. The accomplishment of the joint whalc to be considered and designed
very carefully regarding detail angles, toleranegs, on all working surfaces. Device works
on similar principle as quick ball couple used iegsure hose connections.

Similar design, referred for curiosity only, is d9a automatic self-inflating marine devices
(lifejackets). Instead of combustible element, asyedissolvable paper clip is used.
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FIG.: RD 6

"Steel pin clenched in long slot"
design.

Partially flexible connection.
Used in marine auto-inflating
lifejacket devices. Second
picture shows the main one
rotated 90deg.

1...Pin, partially conical with
long internal slot

2...upper segment

3...main NC bulkhead

4.. front airframe bulkhead
5...lower segment

6...steel spring

7...tool steel pin

8... combustible securing ring

The function is visible from the sketch. After seng-ring #8 is combusted or cracks only,
steel pin #7 held in wedge-deformed slot is beelgased as well and pin #1 is pulled through
the assembly. If complete releasing of pin is regpljithe spring must be long enough to pull
the pin completely through. Kinematical diagrantto$ device is interesting — the longer the
pin, the smaller force is necessary to hold thermpthe slot. Device is very sensitive; when
long pins are used, only a very small force is ssagy to hold the pin in place. Device is
actuating also very quickly, in just tenths of seit®
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2.4.2.4 INFLATABLE COLLET PRINCIPLE, EJECTION CHG. ACTUATED, DRAG
PLATES DESIGNS

FIG.: RD7

Inflatable collet design.
Extremely stiff connection. It
can be dangerous for structure
integrity if overpressure is used.

1...NC skin

2...attachment flanges
3...main NC bulkhead
4...inflatable silicon tubing
5...inflating plug
6...combustible plug
7...slots

8...steel or aluminum alloy
screws

9...shear nylon bolts

10...NC drag plate or parachute
cover

11...airframe drag plate

12... rim is inflated (after
assembly, during launch and
ascent), schematically only
13... rim deflated (the NC is
being released)

14... steel screws
15...ejection spacer

In RD 7 sketch an "inflatable collet device" is geated. Silicon tubing, widely used by
hobby-modelers as fuel lines, is incorporated thesandwich NC rim. Additional internal
slots #7 provides necessary flexibility for changéshape without excessive internal stress.
Main slots providing change of the outer perimetadl shape, are shown in #12 & #13.
During NC completion, the tubing is deflated; tiva freely goes into the airframe. Use of
teflon-coated tape could prevent any additionatifsh. The NC, once placed on the airframe,
would be inflated through the skin by inflating gl(tire tube valve). The tubing during
increasing of internal pressure inflates the rimvali, makes it tightly fit in the airframe.
Device causes high stresses induced in outer @uefiskin. Thus, this should be reinforced
carefully (carbon convolute winding). During NCeate, the combustible plug #6 is burned
out; pressurized air freely leaks from the colleint begins to be free. Subsequently, an
ejection charge placed between bulkheads #10 &istattuated. This ejects the NC out from
the airframe. When NC parachute deployment is reduanother ejection charge under the
NC drag plate #10 is activated, shears the nyldis between the NC rim and drag plate #9.
Once the drag plate is deployed, aerodynamic dngtiulls out the main chute. Likewise, in
the airframe, the secondary ejection charge cuaigaginylon bolts #9 and pushes out the
airframe drag plate #11.
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Following sketches are depicted in full projection.

Joint based on plastic shear bolts shown in Fig8RiDfull assembly. Clearly, this is only a
"variation on classic theme" with freely sliding NGcket rim (covered for instance by teflon
treated tape) secured against movement by nylaar fludts. The NC is to be ejected by pyro-
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charge placed in section marked "C. Section "B'taiois the NC chute, "A" is e-bay, "D"

contains airframe main chute.

Callouts on RD 8:

1...NC skin

2,4,6... steel or aluminum alloy bolts
3,7...attachment flanges

5...main NC bulkhead

8...nylon shear bolts

9...airframe tube

10...NC socket

12...attachment flanges, assy of drag plates
13...drag plates, NC & airframe

14...spacer, filler (provides place for ejectiomie or inflating device)

In the following sketch is the airframe after th€ Nas been released. Pos. #4 are holes
remaining after shear of nylon bolts. The airfraingg plate has not been deployed yet.

FIG.: RD9

Classic joint design, airframe,
drag plate prior to being ejected.
This has to be actuated
pyrotechnically, by inflatable
bag, etc; the shear bolts have to
be cut.

1...parachute assembly
2...airframe drag plate
4...sunk holes remaining from
the NC joint
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Following picture shows the NC assembly when tlagghlate is released.

FIG.: RD 10

Classic joint design, the NC,
drag plate during release.

Drag plate is ejected
pyrotechnically; the shear bolts
are already cut. Drag plate pulls
out the parachute assy.

1...parachute assembly
2...the NC drag plate

3...pins remaining from shear
bolts

4...sunk holes remaining from
the drag plate joint

3. DISCUSSION

I would prefer KISS principle. It means as simpdafiguration, as possible. If solid graphite
would be solution #1 for the tip, | would preferoted design. However, based on preliminary
results of the HT epoxy ablative compositions, ¢hisra good possibility that thermal
properties will meet our requirements. Skin matemiamains unresolved; if mechanical
properties of silicon binders would be good, | wbptefer silicone composite skin. This can
be expected. Temperature stability remains unbkataétter than all HT epoxies even

BMI's. Thus, all problems and considerations aluset of ablatives for skin application could
be avoided. The NC/airframe joint remains the @aitpoint. | would be grateful for all
recommendations in this way proposed by experiesta# (Bill or anybody educated in this
area?). In my opinion, a reliable and factory-mdesign should be chosen.
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5. NOTES

Grateful thanks to my wife to liberate me from gvértomework" during past few montht
doesn't mean automatically, that | ever did one...)
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