Tech-Tip 008b-Supplement
Piston Launchers: (C.A.D., Metal & Floating Head)

Dedicated to the dissemination of detailed model building methods and techniques.
Materials and methods presented here are not iateasl the best or only solutions to the modeliradlehge(s) discussed, rather as
methods and procedures which have a proven re¢autoess in actual use. Please keep experimeniihgiew materials and
techniques as this is the only way to expand #ldgiof knowledge. Written by: John E. McCoyI$AR-15731 - Dec. 12, 2012

A Bit of Additional Piston L auncher History:
Piston History was briefly touched on in Tech-Tip8) Competition Metal Head Pistons written May 199
and revised Oct. 2003.

Stepping into the “Way-back Machine” we see ingtene-age 60’s where the original idea for
model rocket piston launchers began as a “Closedd” launcher. This type launcher was being ased
the time with full size sounding rockets such asfdmous rocket from Atlantic Research Corp. A&as
Super Arcas.

This type launchers had the entire rocket loademland enclosed within a heavy launcher Tube
with Sabot (fall away Shoe-Spacers) and a pisttedficlosely to the launch tube with the motor hezz
engine casing protruding through the piston hetalarblast chamber under the head just above tbkeldo
bottom loading breech. Model Rocketry and latBiR-have adapted the concept to large diameter Hea
walled PVC and other non-metallic tubing with sosoet of aft end closure sealing the system. Sosee u
sabot or other shoes, some internal guild railssaaddard 0-Volume pistons mounted to a screwug pt
twist-lock “Breech”.

In the very early 70’s as the NAR became concewiddpink book rulings on Closed Breech Launchar€ompetition,
Howard Kuhn developed the external slide-tdleso-Volume Piston Launcher (Commonly ZVPL).
ZVPL are still used today although not nearly asmim competition. To give a general descriptiba ZVPL, the apparatus
consists of 4 pieces: Support tube or dowel 201@2§. 16"-18” of standard 18 or 24mm body tubé&we small centering ring or
sliver of coupling glued to one end as a stop. Arsghent motor casing or built-up head closelynfittihe 1D of the Slide tube
selected. Most early 18 & 24mm devices used alsr@2-3/4”" long motor casing size head. Latebi@iss tube clad heads. After
the introduction of 13mm mini motors, 13mm pistéasnchers used 1-3/4” spent casing or 2" built tasb tube clad heads.
Currently many use 2" heads for MH-ZVPL'’s with musitorter 9”-12” long slide tubes.

All ZVPL’s operate with the motor friction fit intthe model with a minimum of 3/8"+ of motor extengifrom the rear.
The motor should also be externally taped to prekieking the motor at ejection and to seal theabfhe motor/slide-tube/igniter
trapping process. I've used ¥2” tape for yeardngtthe first ¥4” of motor remain exposed. “Extarifaping” can be done with plain
old masking tape but creates a better seal witippesier Mylar or packing type tape. This pragésas to be pressure fit into the
slide-tube just right. Too tight almost guaranse@-off, too loose we gain next to nothing froan foo early separation and loss of
gas pressure. This is where the learning curveesdm

Kuhn’s Zero-Volume piston&ZVPL) can be as quick and easy to build as €h&.D. (Cheap & Dirty) spent motor Casing
& wooden Dowel arrangements, or a little more involvieaproved version using a built up head finished with an outer |ageass
tubing commonly referred toMetal Head- Zero Volume Piston Launchers. These later MH ZVPL pistons created a gooddsis |
cardboard to cardboard friction increasing smoahra# operation but did little to address the endettrapped” igniter & lead
hookup dragging problem.

The next improvements to both CAD & Metal Headqis were the introduction of all internal wiriraddress the clip
drag problem. In this arrangement the igniteniee way or another connected or soldered to $omeof insulated coupling,
connector or tubing with soldered lead wires snad@an the interior core hollow support tubing of thiston and out the base for
connection to the power supply controller clips.

Whichever contact point is chosen the forward efti@® support tube & surrounding head space isdilvith a good epoxy
to seal, anchor and insulate the contact pointedch other and the support shaft which is usaaByass or Aluminum (read as
Conductive) tube.

This improvement really added a good bit more caxip} to the manufacture but “when they worked” adénother 5-8%
to the achieved altitude by eliminating the clipre dragging from the lift weight of the pistondd tube. | say “when that worked”
because after the initial use build-up of motoraaxdi debris & crud become an ever increasing cootatinuity preventing problem.
Telescoping brass and later Stainless Steel tukérg no match for the effects of a firing BP Mot@leaning between flights is
necessary & time consuming generally involving sisganbly, sanding the head, and needle file cleaofitize tele-tubes.




ZVPL'’s seemed to have an almost perceptible duimit or pause just as the model/slide tube histbp. Although inertia
is carrying the model forward, separation of thetifsn fit motor/slide-tube at the end of the sttgused considerable deceleration and
at times tip-off to non-vertical boost or wors&ventually minimum 3” bamboo, light sticks or plagjuides were added to contain
the model at the moment of separation helping atte this tip-off tendency. Some RSOs refusaaltav “naked piston
launchers” to be used in NAR competition unlessa@urded by a tower launcher as well, nearly dafgatie purpose for the piston
and creating even more complexity to contest fljgleparation. = Some competitors learned to nsdikeon 3” to 6” guides that
added minimum of mass to the pistons lift whileatireg the needed extra guidance at slide-tubessppration. Today we have even
lighter Graphite and Carbon Fiber super thin .0280" diameter materials from which to construct aMPL extension guides. Itis
a pleasure to acknowledge the Howard Kuhn 0-Voleiseon is referred to as the Standard Piston lamiobbby wide.

The Next BIG thingEloating Head Piston Launchers. (FHPL).

At Naram-28, in Aug. 1986 Team Odd Couple (Jeffééint & Chuck Weiss) presented an R&D and the ffeat in depth study on
performance differences between the Standard Z\flllLFboating Head Piston Launchers (FHPL). Thed.and Short of the
presentation was that Floating Head Pistons impattiteide performance by as much as 34% over #redsird ZVPL. It's been
reported that the team invented Floating head msstat that has not been confirmed as many congrefiyers were flying Floating
head pistons as early as 1982-83. My first exqgosias in an article on piston launchers printeanimIT mod rocket magazine in
the spring of 1984. Putting this knowledge to disfng from an 18"slide tube FHPL shortly theresaft I've looked for and tried to
research that old article but so far have had ok tatrieving it. Inventor or not: team Odd-CéegR&D reports went a long way in
proving the flight performance advantage of Flogititead Piston Launchers (FHPL) over our old stahd&PL in all it's forms.

That said we still had the igniter reliability igsto deal with. Ignition reliability is for me Bast as important as launcher
boost efficiency. Just like the ZVPL with internvairing our new FHPL had much the same second Hreté-after” flight
intermittent ignition drawback. Crud build-up, ¢act tube burn-blast damage and wear cause faiiter contact creating
considerable loss of continuity where the contaase formed by using soldered telescoping braasmless tubing and telescope
tubing with crimped in or soldered igniters. Tead$16” to 3/32” .014” wall brass or stainless elditting tubes were great for the
first flight. But after that they became less a@sklreliable causing many No-Go misfires that werply a lack of good electrical
contact.

To that end over the next 8-10 years many Pistamthler users searched and experimented with ditfenere positive
means of providing fast but sure electrical andtégrllauncher connections. Time went along fdeaade or so fumbling with
different igniter contact methods that ranged figmgsically wrapping the Nichrome leads around timchine screw heads to
directly soldering igniters to wedge shaped bragsngs. Some very innovative twist-lock customd@&onnectors along with tons
of different plug & socket type contacts were triggbted, evaluated and a few adopted. One caimpetnt so far as to use white
vinegar to clear his plug contacts on the fieldisein launches. All these things meeting withtiahireliability success while
adding some complexity & extra downtime betweeghfis during competitions.

Christmas 2004 brought the Mill-Max .100"oc ginip socket PCB connector to the attention of thithor. These Mill-
Max connectors come in strips from 6 to 20 pinactiEpin or for our use 2pin segments accept thefpinanother or easily 30ga to
about 22ga solid wire, stacking to whatever contimnais required with complete positive Contacotighout the stack. With care
and a fine tooth razor saw these strips are cotdpin “Connectors” 10 from a single 20pin striphese can then be soldered to 22ga
to 18ga stranded copper wire for installed INSID%&"aor larger opening in our piston support tubes.

For usein Standard Zero-Volume Piston Launchers (ZVPL). Mill-Max 2pin connectors can have 3/8" to ¥2" oaltr

length 30ga Nichrome igniter slipped into the sdslmsitive contact grip or soldered in place. sTighiter/socket combo is then
plugged into the 2-pin socket permanently epoxtaited in the piston support tube. When theskesapin connectors are engaged
there is immediate Positive Contact. In additidras been discovered if the igniter-plug combsrfizbeen charred too badly by the
motor exhaust the remains of the Nichrome wiretegrian be pulled from the socket and a new igpieee slipped into the same
socket. Using 22 to 24ga Heavy Nichrome in onthe$e connectors creates what I'm calling a “Seeni¥Ranent” igniter which
heats Red Hot but doesn’t burn through when coexetct 30feet or more of controller lead. Agaimgbete instant positive
continuity. In Testing and Sport flying I've ustte same igniter/plug combination for 3 conseaufiights without a single
continuity issue. While the semi-permanent 24gitég required between flight surface needle filihgy can be reused 20 or more
times before a new nichrome piece must be exchanigésistill recommended that a new igniter/ptiggnbo be used with each flight
during competition events, but it's nice to knowedkh little plugs can take a beating and keep okingflawlessly.

Mill-Max in Floating Head Piston L aunchers: Floating Head Pistons use the same .100” splidédlax connectors in a
combination stack consisting of three 2pin conrnesctd@efore we get too far into this again let rmsgon the important Manufacturer
& Supplier information which will make obtainingsaipply of these fairly inexpensive strips easianufacturer Mill-Max number
is 310-93-120-41-001000. | purchase mine in 25426ip lots from Allied Electronics on-line (adlilelec.com) Cat # 900-0265.
After cutting into 2pin segments that gives me pies to work with.

Back to installing these little jewels in our FHPThe first is permanently epoxy installed in thipsort tube with soldered
internal lead wires extending out the bottom asti@d. A second epoxy installed in newly desigfigbt weight, Short length
floating heads. The third being used to make empthg-in igniter combination. These Mill-Max cométions have proven to be




both exceedingly light weight but very adaptablaltaliameter Piston launchers from 7.1MM Micro Mar 24mm D12 Piston
Launchers.

The addition of this simple although somewhat tedito install connector in our Floating Head Pidtannchers has made
this variation on FHPL piston flying much more grgble. | now use my MMX FHPL during sport flyingunches just for fun often.
Even though “No matter how simple - Piston Léahers are still a pain” to deal with they have beeamat nearly as

frustrating as they were with the old Telescopinggtigniter set-up&

Last but not least Piston slide-tube length: Hegain the Odd-Couple teams NARAM R&D report in 8@8used a
considerable change in piston construction and uBgior to the NARAM most competitors used 128 slide-tubes regardless of
motor class. I'd always used 18" feeling that Wassbest length to get optimum air-speed befdtambithe stops. Odd-Couple
gave convincing evidence that sufficient air-spaegd achieved using as short as 7” slide tubestivtinominal 9” slide tube
providing an additional safety margin for sometaf Heavier models. Today all my various pistom&aers use 7 to 9” slide tubes.
MMX always 77, 1/4A3, 13mm to 24mm Mighty D12 motclass use 9”slide tubes. The good part isrtsikes them Range Box
storable as wed

While on the subject of slide tube lengthgTAlway brothers presented a fairly recent R&Dor¢at Naram-5x? Their
research on piston slide tube length with EggdofPayload models gave some advantage and increapacdation air speed with
long to very long slide tubes. Some as long assBéived extended slide tubes can have benefidedtefn Heavy Egg Loft, Dual
Egg loft & competition Payload models. | can nommment further on these findings as | have natdhad or observed others
Launching Heavy Egg Loft or Payload models on astop version with a slide tube longer the 18To Date the heaviest payload
model I've Piston launched tipped the scales agZ¥8&80z) or about the average mass of a 63gaegtet loft model on a D12-3
motor. That particular test model was flown frar” long unguided BT-50 slide tube FHPL to a veige altitude, straight as an
arrow in a 5-10mph breeze flight.

Building your Piston Launcher:

Attached below is a tools and materials list fos fTech-tip that should help with gathering theessary materials & simple
tools needed to construct any of the piston launtipes discussed. There will also be detailgghde plans for these launchers in a
separate file with the Tech-tip-008b folder for yarse in our web-site Library section soon.

For those who would rather purchase a Pistorhkit imake one from materials you have. Currentyetlare two
manufactures from at least 3 sources.

Locally QCR (Qualified Competition Rockets) Locditat 7021 Forestview Drive, Springfield,VA 22150@$ 3 different
kits:  MMX 6mm (actually 7.1mm) #420 Ultimate mag (ZVPL) with a current cost of $12.00 each. @4ltimate-l 13mm
moving (ZVPL) priced at 13.00each and #410 Ultiml&tB8mm (ZVPL) also priced at $13.00. All of MKen Brown’s kits come in
recycled plastic news-paper delivery bags witheatiparse but readable instruction sheet(s). Aayaving trouble following these
instructions can always contact me or give Kenlbat&03-451-2801 or e-mairown007 @cox.netr visit QCR at
http://cybertravelog.com/gcto view his entire line of competition “qualiflfemodels.

Sunward Rocketriattp://www.sunward1.coralso offers two floating head all cardboard kifEhese kits are intended for
single launch use. I'm not sure how long the ceuphrdstock disc head will last. The construtt®sound but these kits seem kind
of expensive for a single use item though eacfslstipplied with 3 one-time use slide tubes. N sf extra floating head materials
are included. These kits are 18mm FHPL for 14984mm for 15.99. Sunward also offers a lasébailt up box piston base one
for each size with a cost of 24.99 each. Shippingct from Sunward isn’t all that bad with a ftate of 7.95 per kit order (No
MOTORS).

These Sunward kits are also available through Apdi@mponents on line. Contact thenht#b://www.apogeerockets.com




Piston Launcher Tools & Materials - Dec.06,2012

Piston Making Tools:

Tube Cutter (for Brass & Alum. Tubing)

Side cutter plier.

Wire Stripper.

Fine tooth razor saw (%"blade)

Cordless Drill- 3/8” Chuck or larger.

Sm Drill Press Vise or Vise-grip Plier

Drill Bit & Taps for 4-40" & 8-32" Threading.
1/8" & 3/8" HHS Drrill bits (base holes)
1/4" Round file

Paper Floating Head glue Up fixture (printed).
Waxed Paper (Glue-Up fixture).

Double Faced Masking Tape (1" or larger).
Sandpaper (120-320girt).

Ultra fine Scotchbrite sanding pad.

40watt soldering iron.

Resin core solder.

Soldering paste or Flux.

Needle file set.

Materials:

CAD (Cheap & Dirty) Pistons:

Spent Motor Casings (MMX, 13,18 & 24mm.)
1/8” Bamboo Skewer 3/8” & /2" Wooden Dowel.
1/8” x 3" bent or broken Launch rod pieces

CA & Epoxy.

MH ZVPL (Metal Head Zero-Volume Pistons:)

1/4”, 'A” & 21/32"Brass Tubing (Head Clading) #8859K24, K33 & K38
7/87-304 St.Stl. tubing (.950” Head) #89895K763

2"x .004” Stainless Steel tape (#76055A22)

3/8"x .065"wall x 12" Aluminum Tube #89965K24

7/32"x .014”wall x12 Brass Tube #8859K23

18/2 x 14” 2 conductor Stranded Copper wire (10,5-24mm)

22/2 x 127 2 conductor Stranded Copper wire (7. mm MMX)
20pin . 100” Mill-Max Strip Sockets (Cut into 2pin Segments)

2” Duct Tape or Making Tape (Support to Head ID build-Up

Slide Tubes (T2+, BT-5, BT-20 & BT-50) x 9" to 18" long.

Slide Tube Stops: T2, CR-3-5,CR-5-20 & CR-5-50 Centering Rings.
Mounting block: 1.0” x 1.5 to 2.0” x 3/4” Wood or acrylic Block.
4-40” x '2"or 8-32” x '2” Nylon Thumb Screws

1/8” x 2" Piece Stainless Steel rod (mounting rod)

1/4” or 3/8” Aluminum Hex Nut with tapped 4-40 or 8-32 hole.
CA & Epoxy.

Add-on Guide tower extensions(useable on all piston types):
Slip-on body: T2+ +, BT-5+, BT-20+ & BT-50+ x !2"to 2”Long tubes.
.020” to .040” x 2.0” to 6.0” Carbon Fiber rods (groups of 3 & 4)

FHPL: (Floating Head Pistons):

3/8” x 12" x.065” wall Aluminum Tubing #89965K24

7/32” x 127 x .014”wall Brass Tubing #8859K2 3(Tapered to.[92 Tip)
18/2 x 14” 2 conductor Stranded Copper wire (10.5-24mm)

22/2 x 12”7 2 conductor Stranded Copper Wire (7. mm MMX

20pin . 100 Mill-Max Strip Sockets (Cut into 2pin Segments)

Head coupling material: T2, CPL-5, CPL-20 & CPL50 (ea.1/4” -1/2"long)
Head centering rings: CR3-5, CR-5-20 & CR-5-50

Slide Tubes (T2+, BT-5, BT-20 & BT-50) x 9" to 18" long.

Slide Tube Stops: T2, CR-3-5,CR-5-20 & CR-5-50 Centering Rings
Mounting block: 1.0” x 1.5 to 2.0” x 3/4” Wood or acrylic Block.
4-40” x '2"or 8-32” x 2" Nylon Thumb Screws

1/8” x 27 Stainless Steel rod (mounting rod)

1/4” or 3/8” Aluminum Hex Nut with tapped 4-40 or 8-32 hole

CA & Epoxy.

Nichrome igniter wire (30ga. to 26ga.) generally 30ga.

Dipping pyrogen (Optional).



