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Jeffery H. Oppold  

Overview  

Overview 
 
One of my main interests in High Power Rocketry is the 
construction and flying of scale models. When searching 
for a rocket to build, I stumbled upon a scale drawing of 
the Thiokol Chemical /ƻǊǇƻǊŀǘƛƻƴΩǎ D-Region Tomahawk 
missile (page 3). After studying this design and the 
availability of the various components required to 
construct this rocket, I decided  on a 5/9 scale version.  
 
The main body tubes will be made from Performance 
wƻŎƪŜǘǊȅΩǎ G12 fiberglass tubing, 3:1 Ogive fiberglass 
nosecone, and ѻέ birch plywood fins reinforced with 
carbon fiber surfaces. It will use an Aerotech RMS-75mm 
5120 Motor Case, which allow for the use of an ά[έ sized 
engine for a test flight, as well as an άaέ sized motor for 
the certification flight. The estimated weight loaded is 
31.5 lbs, and when launched with an M1500G motor, the 
rocket should achieve an altitude of ~10500feet.  
 
Recovery will use a dual set of PerfectFlite miniAlt/WD 
logging dual event altimeters. The main chute will be Sky 
Angel Cert 3 - XLarge, and will provide a rate of decent of 
~27 ft/sec.  
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Design Specification  

Design Specification 
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Original Blueprint  
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Scaled Blueprint  
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Fins ï 4 Required  

10Á 

20Á 

12Á 
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Material =     Birch Veneer Plywood 
                     Carbon Fiber Reinforced 
                     (Soller Composites: 6KPW50) 
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RMS-75mm/5120 Motor Case Drawing Scale:  "5"6.1 =

Note: Taken from the Aerotech web site: 
http://www.aerotech-rocketry.com/customersite/resource_library/aerotech_rms_ext_dim_dwgs/75mm_hp_rms/hp_75-5120.pdf 
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Aerotech RMS-75mm 
5120 Motor Case  
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Stainless Steel Threaded Insert 
(McMaster-Carr 90192A114) 
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Booster Section  

Drawing Scale:  "5"6.1 =

"125.3.. =DO

"0.3.. =DI

G12 Motor Tube 
     75mm 

G12 Body Tube 
"150.5.. =DO

"0.5.. =DI

Top View 
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Note: Centering Ring locations with 
     respect to the bottom of the ring. 

 {ǘŀƛƴƭŜǎǎ {ǘŜŜƭ оκуέ 9¸9-Bolt 
(McMaster Carr 33045T52) 

Stainless Steel Threaded Rod 
                        x 4 
(McMaster-Carr 98847A009) 

RMS-75mm/5120 Motor Case 

Aero Pack RA75 

Delrin 15/15 Rail Button 
       w/10-24 Screw 
                (x 2) 

8-32 Stainless Steel Hex Nuts  x 36 
(McMaster Carr 90257A009) 

Note: Fin Fillets are Soller Composite 
мέ /ŀǊōƻƴ CƛōŜǊ .ƛŀȄƛŀƭ .ǊŀƛŘŜŘ ¢ŀǇŜΦ 

м ѹέ ²ŀǎƘŜǊ 
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рέ 5ƛŀƳŜǘŜǊ 
 G12 Coupler Tube 
млέ [ƻƴƎ 

CR-1 

Note: Cƛƴ {ƭƻǘ ƛǎ мм рκуέ ƭƻƴƎ 
 ǎǘŀǊǘƛƴƎ мκн έ ŦǊƻƳ ǘƘŜ ōƻǘǘƻƳΦ 

Boat-Tail 

¼ Wood Center Ring. 

20Á 

Bulk Plate Stop Ring 
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Fin Slot Alignment Guide  

2/25/2012  9 

Cƛƴ {ƭƻǘ ƛǎ мм рκуέ ƭƻƴƎ ǎǘŀǊǘƛƴƎ мκн έ ŦǊƻƳ ǘƘŜ ōƻǘǘƻƳ ŀƴŘ ƛǎ ѻέ ƛƴ ǿƛŘǘƘΦ 

Print out and place tube on top, marking slot location on outside of tube. 

Drawing Scale:  "0.1"0.1 =
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 Boat - tail Detail  

"125.3.. =DO

"150.5.. =DO

Top View 
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"00.4.. =DI

Cut Out 

Side View 

Material =     Birch Veneer Plywood "
2
1

Cut Down 

15Á 
"
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Cut Down Depth 

Glue to bottom of CR-1 

Drawing Scale:  "0.1"0.1 =
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 Centering Rings Hole Guide  

Top View 
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Drawing Scale:  "0.1"0.1 =

5Ǌƛƭƭ ммκспέ IƻƭŜǎ 

Make an Alignment Mark 
here on all fins. 
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 Fin & Rail Guide Alignment  

Top View 
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Drawing Scale:  "0.1"0.1 =

Center line for threaded insert. 

Placement of 1/6 circle ring used 
 for Rail Guide mount. 

Transfer to Top of CR-1,  
CR-2,  and bottom of CR-3. 
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Booster Assembly Procedure  

Cut the fins out of the Birch Plywood.                       Weight/Fin:   7.50oz 

Carbon Fiber the fins. (Use West System Epoxy/Bondo Filler)              Weight/Fin: 10.65oz 

Cut four holes for the 8-32 Threaded Rod in each Centering Ring & Top Bulk Plate. 
Install the threaded inserts for the Aero Pack into CR-1.                  1Total Weight: 15.0oz 

Cut the Motor Tube to the correct height.         Motor Tube Weight: 16.0oz 

Dry fit in place CR-1, CR-2 , & CR-3 on to the motor tube. 

Using the template on page 10, mark the fin locations on CR-1, CR-2 & CR-3. 

Epoxy CR-1 to bottom of the motor tube making sure its location is correct w/r to the Aero Pack. 

Fins/Centering Rings 

¦ǎƛƴƎ ǘƘŜ Ŧƛƴ ƎǳƛŘŜǎΣ άǘŀŎƪέ ŜǇƻȄȅ ǘƘŜ Ŧƛƴǎ όп-Minute JB-Weld) to the motor tube.  

Form the internal fin fillets by using the carbon fiber tape &  WS epoxy.            

Subtract  4 x weight/fin and total weight of the rings from the above measurement. 
(This is the motor tube/epoxy/carbon fiber/rods/rail guides weight). Updated Motor Tube Weight: 28.4oz 

/ǳǘ ǘƘŜ ōƻŘȅ ǘǳōŜ ǘƻ ƭŜƴƎǘƘ ŦǊƻƳ рέ Dмл CƛōŜǊ Dƭŀǎǎ ¢ǳōƛƴƎΦ 

Cut the 4:          slots for the fins.   

Body Tube 

Booster Assembly Procedure 

Install the threaded rod and nuts. Secure nuts with Loctite Blue 242 Threadlocker. 

Weigh the final assembly.                              Weight: 86.0oz 

"11
8
5
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Epoxy in place CR-4 but omit the top fillet as the coupler tube needs to fit flush against this ring. 

Using the 8-32 Threaded Rod as an alignment aid, epoxy in place CR-2 & CR-3.  

Verify that each fin is 90° w/r to each fin on its left and right & is 90° w/r to the body tube.  

¦ǎƛƴƎ 9ƭƳŜǊΩǎ /ŀǊǇŜƴǘŜǊΩǎ DƭǳŜΣ ƎƭǳŜ ǘƘŜ Ǌŀƛƭ ƎǳƛŘŜ ѽ ǊƛƴƎǎ ǘƻ /w-1 & 4. Clamp until dry. 

Using Loctite Hysol epoxy, put a good size fillet along each fin/body tube seam.  

1) Boat Tail, CR-1 & CR-2 weigh 4oz each and CR-3 & CR-4 Weigh 1.5oz each. 

5Ǌƛƭƭ ǘƘŜ ŎƻǊǊŜŎǘ ǎƛȊŜ ƘƻƭŜ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ŜŀŎƘ Ǌŀƛƭ ƎǳƛŘŜ ѽ ǊƛƴƎ ŀƴŘ ǎŎǊŜǿ ƛƴ ǘƘŜ ǘƘǊŜŀŘŜŘ ƛƴǎŜǊǘǎΦ 

Fit the final Fin Can assembly inside the booster tube.  

Mark the rail guide locations on the outside of the body tube. 

Remove the Fin Can and drill the holes for the retention screws.                           Weight: 27.00oz  
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Booster Assembly Procedure  

Booster Assembly Procedure - Continued 

Epoxy the Fin Can into the Body Tube. Use small C-clamps at the body tube/CR-1 joint. 

Fill the booster/fin joint with epoxy. Sand smooth. 

Final Assembly 

/ǳǘ ǘƘŜ .ǳƭƪƘŜŀŘ {ǘƻǇ wƛƴƎ ŦǊƻƳ ǎŎǊŀǇ рέ ǘǳōƛƴƎ ŀƴŘ ŜǇƻȄȅ ǘƻ ǘƘŜ ƛƴǎƛŘŜ ǘƻǇ ƻŦ ǘƘŜ ŎƻǳǇƭŜǊ ǊƛƴƎΦ 

Insert the Coupler into the Body tube but do not epoxy at this time. Mount the Bulk Plate and 
temporary secure with nuts.  Insert RMS-75mm/5120 Motor Case. Test fit the motor retention bolt. 

Remove the Bulk Plate and Motor Case. Epoxy the coupler tube to the body tube. Add a generous 
fillet of West System Epoxy to the topside of CR-4.  

Re-ŀǘǘŀŎƘ ǘƘŜ ¢ƻǇ ōǳƭƪ ǇƭŀǘŜΦ 9ǇƻȄȅ ǘƘŜ м ѹέ ǿŀǎƘŜǊ ǘƻ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ōǳƭƪ ǇƭŀǘŜΦ 

Weigh the couple tube and bulk plate.                           Weight: 20oz 

2/25/2012  14  

Cut the Fin Fillet from hard wood stock and epoxy in place. 

Cut the body tubing raised details from PML Quantum tubing and epoxy in place.   

Scale Raised Detail 

Finish Sanding all surfaces and spray a coat of Krylon Grey Primer.  

Weigh the final Booster.       Weight:144.5oz 
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Booster Body Tube Raised Detail  
Drawing Scale:  "1"
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Calculations for Raised Detail Widths: 
¢ǳōŜ /ƛǊŎǳƳŦŜǊŜƴŎŜ Ґ рΦмр ϝ оΦмпмрф Ґ мсΦмуέ 
                   [Ŝǎǎ Cƛƴǎ ²ƛŘǘƘΥ όлΦнрέ ϝ пύ Ґ мрΦмуέ 
                           Cƛƴŀƭ 5Ŝǘŀƛƭ !ǊŜŀΥ    κ п Ґ оΦтфрέ 
               [Ŝǎǎ Cƛƴ CƛƭƭŜǘǎΥ όн ϝ лΦомнрέύ  Ґ оΦмтέ 
²ŀƴǘ нΥмΥн 5Ŝǘŀƛƭ ²ƛŘǘƘ wŀǘƛƻΥ      κр   Ґ лΦсопέ 
       hǳǘǎƛŘŜ 5Ŝǘŀƛƭ ²ƛŘǘƘ  όлΦсоп ϝ нύ  Ґ мΦнсуέ   
                                 LƴǎƛŘŜ 5Ŝǘŀƛƭ ²ƛŘǘƘ Ґ лΦсопέ  
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Fin Fillet End detail 

Fin shown for reference. 
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Raised Detail Templates  
Drawing Scale:  "1"1=

2/25/2012  16  

Raised Detail Templates 

Print on Card Stock and Cut Out. 
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Airframe Mid -Section  
Drawing Scale:  "1"
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Anti-zipper steel band embedded 
flush with fiberglass surface.  
Band is 0.500" wide and 0.025" thick. 
(Hose clamp band.) 

.ƻƻǎǘŜǊ /ƻǳǇƭŜǊ IŜƛƎƘǘ όрέύ 

0.125" diameter pressure vent holes. 

"6

!ǾƛƻƴƛŎǎ .ŀȅ /ƻǳǇƭŜǊ 5ŜǇǘƘ όрѹέύ 

Pem Nut Attachment Access Holes 
     Screw holes x 4 
 (in-line with fins) 

"2
2
1

"
16
3

Sheer Pins 
Drill 4         holes, 90° apart.  
Tap for #2-56 Nylon Screws 
(McMaster-Carr 93135A079) 

"
16
1

"4

Note: With the Booster Section attached, drill the 
shear pin holes all the way through the airframe and  
ǘƘŜ ōƻƻǎǘŜǊΩǎ ŎƻǳǇƭŜǊ ǘǳōŜΦ LƴŎǊŜŀǎŜ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ 

ŎƻǳǇƭŜǊΩǎ ƘƻƭŜ ǘƻ        Φ   "
64
7
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Airframe Upper -Section  
Drawing Scale:  "1"
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0.125" diameter pressure vent holes. 

Nose Cone Shoulder Depth 

Sheer Pins 
Drill 4         holes, 90° apart.  
Tap for #2-56 Nylon Screws 
(McMaster-Carr 93135A079) "4

"
16
1"1

!ǾƛƻƴƛŎǎ .ŀȅ /ƻǳǇƭŜǊ IŜƛƎƘǘ όрѹέύ 

"2
2
1

Note: With the Nose Cone attached, drill the 
shear pin holes all the way through the airframe and  
ǘƘŜ bƻǎŜ /ƻƴŜΩǎ {ƘƻǳƭŘŜǊΦ LƴŎǊŜŀǎŜ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ 

shoulder hole to       .   "
32
3

Pem Nut Attachment Access Holes 
     Screw holes x 4 
 (in-line with fins) 
"

16
3
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AirFrame  Assembly Procedure  

Air Frame Assembly Procedure 

Use the fin alignment guide on page 7 to mark the fin locations at the top of the Mid-Section Air Frame. 

9ȄǘŜƴŘ ǘƘŜ ƳŀǊƪǎ Řƻǿƴ н ѹέ  ŦǊƻƳ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ōƻŘȅ ǘǳōŜΦ 

Pem Nuts Holes 

{ŜŎǳǊŜ ǘƘŜ !ǾƛƻƴƛŎǎ .ŀȅΩǎ /ƻǳǇƭŜǊ ƛƴǎƛŘŜ ǘƘŜ ōƻŘȅ ǘǳōŜ ǳǇ ǘƻ ǘƘŜ ƘŀƭŦ ǿŀȅ ǇƻƛƴǘΦ 

Drill the 4 holes for the Pem Nuts through both tubes. 

2/25/2012  19  

5Ǌŀǿ ŀƴ ŀƭƛƎƴƳŜƴǘ ƳŀǊƪ ŘƛǊŜŎǘƭȅ ŎŜƴǘŜǊŜŘ ōŜǘǿŜŜƴ ŜŀŎƘ ŦƛƴΣ ŀƴŘ ƳŀƪŜ ŀ ƳŀǊƪ пέ ǳǇ ŦǊƻƳ ǘƘŜ ōƻǘǘƻƳΦ 

Drill a shear pin hole and tap, screwing in a shear pin before drilling the next hole. Drill all 4 holes in this 
    sequence. 

Mid-Section Shear Pins/Pressure Vents  

Drill the pressure vent holes. 

Weigh the final Mid-Section Air Frame                    Weight: 35.0oz 

Use the fin alignment guide on page 7 to mark the fin locations at the bottom of the Upper-Section 
  Air Frame. 

9ȄǘŜƴŘ ǘƘŜ ƳŀǊƪǎ ǳǇ н ѹέ  ŦǊƻƳ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ ōƻŘȅ ǘǳōŜΦ 

{ŜŎǳǊŜ ǘƘŜ !ǾƛƻƴƛŎǎ .ŀȅΩǎ /ƻǳǇƭŜǊ ƛƴǎƛŘŜ ǘƘŜ ōƻŘȅ ǘǳōŜ ǳǇ ǘƻ ǘƘŜ ƘŀƭŦ ǿŀȅ ǇƻƛƴǘΣ ǘŀƪƛƴƎ ŎŀǊŜ ǘƻ ŀƭƛƎƴ ǘƘŜ 
  fin locations with those on the Mid-Section Air Frame. 

Drill the 4 holes for the Pem Nuts. 

Extend the fin alignment marks, drawn in the Pem Nut assembly procedure, down the full  
   length of the tube. 

Drill a shear pin hole and tap, screwing in a shear pin before drilling the next hole. Drill all 4 holes in this 
    sequence. 

Upper-Section Shear Pins/Pressure Vents  

Drill the pressure vent holes. 

Weigh the final Mid-Section Air Frame                    Weight: 59.0oz 

CƛƴŘ ŀƴŘ ƳŀǊƪ ǘƘŜ ŎŜƴǘŜǊ Ǉƻƛƴǘ ōŜǘǿŜŜƴ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ƳŀǊƪǎΣ мέ Řƻǿƴ ŦǊƻƳ ǘƘŜ ǘƻǇΦ 
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Avionics Bay  
Drawing Scale:  "1"

2
1 =

"11

PEM Nuts x 4  (in-line with fins) 
McMaster-Carr  10-24 94648A350  

"2
2
1

"2
2
1

PEM Nuts x 4  (in-line with fins) 
McMaster-Carr  10-24 94648A350  

Note: Use JB Weld to secure PEM Nuts 
to the inside of the Avionic Bay coupler. 

Top and Bottom  Charge Holder details are on next two pages. 

Main Chute Charge Holders 

Apogee Charge Holders 

Altimeter Sled Retention Nuts 

рέ 5ƛŀƳŜǘŜǊ Dмн /ƻǳǇƭŜǊ ¢ǳōŜ 
ммέ [ƻƴƎ 

2/25/2012  20  

ABP-2 

CBP-1 

CBP-2 

ABP-3 

Threaded Rod (x2) 
McMaster-/ŀǊǊΥ фуулп!пут ѻέ-нл мнέ  
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Avionics Bay ï Top  

Top View 

Side View 

 {ǘŀƛƴƭŜǎǎ {ǘŜŜƭ нέ ¦-Bolt/w Mounting Plate 
(McMaster Carr 8896T94) 

Terminal Strip: Radio Shack PN# 274-678  
(8 Terminals cut down to 2 

Threaded Rod 
McMaster-/ŀǊǊΥ фуулп!пут ѻέ-нл мнέ όȄнύ 

мέ /t±/ 9ƴŘ tƭǳƎ 

Sealing Screw: 
McMaster-/ŀǊǊΥ фултл!птл мέ му-80/10-32 Thread (x2) 

рέ .ǳƭƪ tƭŀǘŜ 

рέ /ƻǳǇƭŜǊ .ǳƭƪ tƭŀǘŜ 
Rubber Gasket 

Drawing Scale:  "1"1=

Sealing Rubber Washer: 
McMaster-/ŀǊǊΥ ффслп!ммф ммκмсέ h5 

2/25/2012  21  
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Avionics Bay ï Bottom  

Top View 

Side View 

 {ǘŀƛƴƭŜǎǎ {ǘŜŜƭ нέ ¦-Bolt/w Mounting Plate 
(McMaster Carr 8896T94) 

Terminal Strip: Radio Shack PN# 274-678  
(8 Terminals cut down to 2 

ѹέ /t±/ 9ƴŘ tƭǳƎ 

Sealing Screw: 
McMaster-/ŀǊǊΥ фултл!птл мέ му-80/10-32 Thread (x2) 

рέ .ǳƭƪ tƭŀǘŜ 

Sealing Rubber Washer: 
McMaster-/ŀǊǊΥ ффслп!ммф ммκмсέ h5 

Drawing Scale:  "1"1=

рέ /ƻǳǇƭŜǊ .ǳƭƪ tƭŀǘŜ 

2/25/2012  22  

ѹέ /t±/ ¢ǳōƛƴƎ  нέ IƛƎƘ 
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Avionics Bay ï Hole Template  

Drilling Template 

Drawing Scale:  "1"1=
2/25/2012  23  

мκпά 5ƛŀƳŜǘŜǊ 

моκспά 5ƛŀƳŜǘŜǊ 

мκуά 5ƛŀƳŜǘŜǊ 

#50 Diameter 
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Avionics Bay ï Altimeter Sleds  
Drawing Scale:  "1"

2
1 =

Altimeter Sled 
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Altimeter Sled  
Retention Nuts 

рέ 5ƛŀƳŜǘŜǊ Dмл /ƻǳǇƭŜǊ ¢ǳōŜ 
ммέ [ƻƴƎ 

 G10 Fiberglass Sheet  
όтΦрέ Ȅ пΦрέύ 

ѻέ LƴǎƛŘŜ 5ƛŀƳŜǘŜǊ .Ǌŀǎǎ ¢ǳōƛƴƎ 

"
8
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Aluminum Bracket for 2-Pole Detent Switch 
(Aligned with pressure neutralization holes) 

Battery Held on with Plastic Cable Ties 

Altimeter PerfectFlite miniAlt/WD 
(attached using PerfectFlite 

 mounting hardware) 

Threaded Rod 
McMaster-/ŀǊǊΥ фуулп!пут ѻέ-нл мнέ όȄнύ 

F
ro

n
t-S

id
e

 M
o

u
n
t 

B
a

ck
-S

id
e

 M
o

u
n
t 

Top View 

 мέ 

"
2
1"

8
3

 мέ 

 All Holes are  "
8
1

a
L

TIM
e

Te
Ro

N
e 

Mounting hole for ALTIMETERONE "
8
1



D-REGION TOMAHAWK 

Jeffery H. Oppold  

Avionics Bay ï Altimeter Bracket  
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5ǊŀǿƛƴƎ {ŎŀƭŜΥ мέҐмέ 

Aluminum Bracket Detail 
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Avionics Bay ï Schematic  
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Primary 
Drogue Charge 

Backup (+1 Second) 
Drogue Charge 

Primary (1100FT) 
Main Charge 

Backup (900FT) 
Main Charge 
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Missile Works 
2-Pole Detent Switch 

110 = OFF 
220 = ON 

Secondary Circuits Wires 
are Solid Colors w/Black Stripe 

Primary Circuits Wires 
are Solid Colors 

Avionics' Bottom Bulkhead 

Avionics' Top Bulkhead 
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AirFrame  Assembly Procedure  

Avionics Bay Assembly Procedure 

Using the outside edge of the Body Tube Bulk Plate, cut out two gaskets from the gasket material. 

¦ǎƛƴƎ ŀ пέ ǘǳōŜΣ Ŏǳǘƻǳǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ƎŀǎƪŜǘΦ 

Bulk Plates 

Using CA glue, glue the gaskets to the bulk plates. 

Epoxy the Coupler Bulk Plates to the  Body Tube Bulk Plates, using a bolt through the center holes of 
  the two plates, center the plates and compress the epoxy. 
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Using a large C Clamp, compress the Pem Nuts in to the Avionics' Coupler Tube. 

Using JB Weld, epoxy, on the inside of the tube, the Pem Nuts in place. 

Pem Nuts  

Cut out 2 hole drilling templates on page 21. 

Tape the templates in place over the assembled Bulk Plates and drill the various holes. 

Cut the G10 material to the specified dimensions. 

Temporarily assemble the two threaded rods  through the bulk plates to be used as an alignment aid 
for attaching the brass tubes to the G10 sled material. 

Altimeter Sled  

Using JB Weld, epoxy the brass tubes to the sled. Note that one tube is on the front, while the other is 
on the back of sled material. Apply a generous fillet to the joints. 

Using the drilling template supplied with the altimeters, as well as the battery pack and switch bracket, 
drill the required holes. 

Cut two pieces of the brass tubing to specified length. 

Assemble and attach the various U-Bolts, wire terminals, and charge holders. 

Assemble all components onto the Sled and wire per the schematic on page 24.  

Weigh the assembled Avionics Bay.                    Weight: 59.0oz 
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Nose Cone  

Bottom View 

 ½ƛƴŎ tƭŀǘŜŘ /ƻǳǇƭƛƴƎ bǳǘ ѻέ-20 (x4) 
(McMaster Carr 90264A437) 

Drawing Scale:  "1"
4
1 =

 рέ CƛōŜǊƎƭŀǎǎ оΥм Ogive 
(Performance Rocketry) 

 /.tо рέ CƛōŜǊƎƭŀǎǎ /ƻǳǇƭŜǊ .ǳƭƪƘŜŀŘ 
(Performance Rocketry) 

 {ǘŀƛƴƭŜǎǎ {ǘŜŜƭ нέ ¦-Bolt/w Mounting Plate 
(McMaster Carr 8896T94) 

Note: Coupling Nuts are attached with 
Soller /ƻƳǇƻǎƛǘŜ мέ /ŀǊōƻƴ CƛōŜǊ 
Biaxial Braided Tape and Epoxy. 

 ѻέ-20 Stainless Steel Pan Head Bolt 
(McMaster-Carr 91400A257) 
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Garmin Astro DC-40 GP Tracker 
   - see next page for mounting detail. 
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GPS Mounting Scheme  
Drawing Scale:  "1"1=
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Garmin Garmin 

"1
2
1

 Retention Bolt: M3x16mm 0.50 Pitch 
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GPS Mounting Bracket  
Drawing Scale:  "1"1=
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AirFrame  Assembly Procedure  

Nose Cone Assembly Procedure 

Drill the four holes in the bulk plate. Use the inside of the shoulder for alignment. 

Temporary attached the bolts and coupler nuts to the back side of the bulk plate. 

Bulk Plates 

For each coupler nut, align a flat edge to the outside, flush with the edge of the bulk plate. 

Using JB Weld epoxy (quick cure), place a small amount on the edge of the coupler nut that is flush 
 with the bulk head outer edge. 
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Drill the two holes for the U-Bolt. 

Cut a piece of G10 for the GPS mounting plate. 

Slide the assembly inside the nose cone shoulder and allow the epoxy to cure. 

Carefully remove the bolts and bulk head. The coupler nuts should be perfectly aligned. 

Using the back piece of the GPS unit, mark where the holes for the attachment screws go and drill.  

Using the carbon fiber tape and West System Epoxy thicken to mayonnaise consistency, carefully wrap  
the tape around the inside of the shoulder covering the coupler nuts. Take care not to the get epoxy 
on the inside threads of the nuts. 

Assemble all components to test for fit and function.  

Weigh the assembled Nose Cone.                    Weight: 29.6oz 

Place the G10 sheet inside the mounting bracket and mark the location of the holes and drill.  
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Recover Harness  

 Stainless Steel Triangle Quick Link 
(McMaster Carr 3709T32) 

 Lέ YŜǾƭŀǊ {ǘǊŀǇ 
(Wildman Rocketry ς KEV1) 

Kevlar Thread #69 
Double Stitched 

оέ CƻƭŘŜŘ hǾŜǊ 

Quick Link/Loop Detail 

Booster to Mid-Section 

прΩ 

мрΩ 

Booster 
Quick Link  

Mid-Section 
 Quick Link  

Drogue Chute Quick Link 
όоκмсέ Ȅ нέύ 

Upper-Section to Main Chute 

нрΩ 

Upper-Section 
Quick Link  

Main Chute 
Quick Link 
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Recovery Harness 

Loops should be tight but still allow for 
 the Quick Links to be removed. 

оέ 

мέ CƻƭŘ 
Under 
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Deployment Bag 

D-REGION TOMAHAWK 
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Deployment Bag  

2/25/2012  

Retention 
Strap 

(Connected to Nose Cone) 

мέ [ƻƻǇ hǇŜƴƛƴƎ 

мέ ²ƛŘŜ 9ƭŀǎǘƛŎ .ŀƴŘǎ 
 

Used for Packing Chute 
Shroud Lines 

Protective Flap 
 

Folds over to protect  
Shroud Lines. 

нрέ Ȅ пέ 5ƛŀƳŜǘŜǊ 
Chute Compartment 

Bag Opening 
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Back Side 
 Body Piece 
(Kevlar Cloth) 

D-REGION TOMAHAWK 

Jeffery H. Oppold  

Deployment Bag ï Parts Detail  

2/25/2012  

рлέ 

"
2
1

"6
32
9

ѹέ {ŜŀƳ 
 Allowance  

Blanket Stitch 
All Edges 

"5

ѹέ {ŜŀƳ 
Allowance  

Bottom Piece 
(Kevlar Cloth) 

мέ ²ƛŘŜ 9ƭŀǎǘƛŎ .ŀƴŘ 
т έ [ƻƴƎ 

Stitched Outside of 
 Seam Line 

"7
32
9

"
2
1

нрέ 

нлέ 

мрέ 

млέ 

  рέ 

"7
32
9

Top Side 
Body Piece 
(Kevlar Cloth) 

ѹέ {ŜŀƳ 
 Allowance  

  лέ 

Blanket Stitch 
All Edges 

Blanket Stitch 
All Edges 

Double Stitched down @ 
н   έ ϧ п   έ 32

3
16
3

олέ 

Retention 
Strap 

(Kevlar Strap) 

Deployment Bag ς Parts Detail 
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Deployment Bag ς Retention Strap 

D-REGION TOMAHAWK 
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Deployment Bag ï Strap Detail  

2/25/2012  

Kevlar Thread #69 
Double Stitched 
мέ .ƻȄ 

нέ 

мέ [ƻƻǇ 
Opening 

Top View 

Side View 

Retention Strap ς Loop Detail 

Loops are sewn on BOTH ENDS. 

Strap is sewn so that one loop is just inside 
the bag, with the other loop and the majority  
of strap is outside of the bag ς see next page. 

мέ CƻƭŘ 
Under 
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Deployment Bag 

пέ 

нрέ 

рέ 

млέ 

мрέ 

нлέ 

мέ ²ƛŘŜ 9ƭŀǎǘƛŎ .ŀƴŘ 
с  έ [ƻƴƎ 

Double Stitched down @ 
лέΣ н  έΣп  έ ϧ с  έ 

Double Stitched 

D-REGION TOMAHAWK 
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Deployment Bag  

2/25/2012  

32
9

32
9

32
3

16
3

Bottom View 

Retention Strap should exit between 
the bottom and back-ǎƛŘŜ ǇƛŜŎŜǎΩ ǎŜŀƳΣ 
centered on the back-side piece with one 
loop just inside the bag. 
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Preparation Stand ς Side View 

ѹέ t±/ /Ǌƻǎǎ 

D-REGION TOMAHAWK 

Jeffery H. Oppold  

Preparation Stand  

2/25/2012  

Drawing Scale:  "1"
2
1 =

ѹέ t±/ фл° Elbow 

ѹέ t±/ tƛǇŜ  
    сέ [ƻƴƎ 

сέ 5ƛŀƳŜǘŜǊ wƻŎƪŜǘ рέ 5ƛŀƳŜǘŜǊ wƻŎƪŜǘ 

ѹέ t±/ /ŀǇ 

ѹέ LΦ5Φ tƛǇŜ Lƴǎǳƭŀǘƛƻƴ 
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Preparation Stand ς Front View 

D-REGION TOMAHAWK 
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Preparation Stand  

2/25/2012  

Drawing Scale:  "1"
2
1 =

ѹέ LΦ5Φ tƛǇŜ Lƴǎǳƭŀǘƛƻƴ 

нпέ [ŜƴƎǘƘ ς Not Shown to Scale 

ѹέ t±/ фл° Elbow 

Parts List: 
 

ѹέ t±/ /Ǌƻǎǎ  x   2 
ѹέ t±/ wƻǳƴŘ /ŀǇ x   4 
ѹέ t±/ фл° Elbow  x   4 
ѹέ t±/ tƛǇŜ  x 10 ft. 
ѹέ LΦ5Φ tƛǇŜ Lƴǎǳƭŀǘƛƻƴ x   3 ft. 

ѹέ t±/ tƛǇŜ  
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Parts List  

Body (Performance Hobby) 
Airframe:  5.0" Glass Tube ς пуέ     G12-5.0-48    ($108  x 2)  $216 
Motor Tube:  3.0" Glass Tube ς пуέ     G12-3.0-48     ($68 x 1)  $  68 
Booster/AVbay Couplers: 5.0" Glass Coupler ς млέ   G12CT-5.0     ($40 x 2)  $  80 
Airframe Bulk Plates: 5.0" Airframe Bulk Plate   FBP5.0     ($6 x 3)  $  18 
Coupler Bulk Plates: 5.0" Coupler Bulk Plate   FCBP5.0     ($6 x 3)  $  18 
Centering Rings: 5.0" to 3.0"  CR   FCR45.0-3.0   ($7 x 2)  $  10 
Nose Cone:  5.0" Ogive 3:1   FNC5.0-3-1O ($70 x 1)  $  70 
 
Aeropack 
75mm Retainer: 75mm ASSEMBLY ς Flange RA75      ($52 x 1)  $  52 
 
SkyAngle 
Parachute:  CERT-3/Xlarge   C3/X      ($189 x 1)  $189 
 
Kevlar 
Shock Cord:  рлΩ мέ YŜǾƭŀǊ {ǘǊŀǇ   KEV1    ($1/ft)  $  50 
Shock Cord:  нрΩ мέ YŜǾƭŀǊ {ǘǊŀǇ   KEV1    ($1/ft)  $  25 
 
Rouse-Tech (Discount Hobby Center) 
Motor Case:  RMS-75mm 5120  RT-070     ($399)  $399 
Forward Seal Disc RMS-75mm 5120  RT-081     ($  27)  $  27 
 
Carbon Fiber (Soller Composites) 
Tape:  .ƛŀȄƛŀƭ .ǊŀƛŘŜŘ ¢ŀǇŜ мέ Ȅ млΩ     ($0.94/ft)  $9.40 
Fabric  сYt²рл рлέ Ȅ  м ȅŀǊŘ      ($31/yard) $ 31 
 
Northern Hardwoods 
Birch Veneer Plywood ѻέ {ƘŜŜǘ рΩ Ȅ рΩ    $41.73 
 
PerfectFlite 
Altimeters  miniAlt/WD    MAWD   ($100 x 2)   $200 
Hardware  Mounting Stand-offs   MH44   ($1.5 x 2)     $    3 
 
Launch Lugs 
Unistrut:  Rail Buttons (x2)    ($12/pair) $  12 
Extreme:  1515 Delron Rail Buttons (x2)   ($10/pair)  $  10 
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In Stock 

In Stock(1) 

In Stock 

In Stock 
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Parts List  

Stainless Steel (McMaster-Carr) 
Threaded Rod: 8-32 Thread Size ς осέ    98847A009    ($2.59  x 4)     $10.36 
Hex Nuts:  8-32 Hex Nuts    90257A009     ($8.39 x 100) $  8.39 
U-Bolt:  нέκaƻǳƴǘƛƴƎ tƭŀǘŜ       8896T94    ($4.16 x  4)     $16.64 
Sheer Pins:  2-56 Nylon Screws  93135A079    ($4.99 x 100) $  4.99 
Threaded Rod: ѻέ ς нл  мнέ   98804A487    ($2.41 x 2)      $  4.82 
PEM Nuts  10-24 Captive Nut  94648A350    ($6.34 x 10)    $  6.34 
Sealing Washer {ƛƭƛŎƻƴ ммκмсέ h5  99604A119     ($11.84 x 50)  $11.84 
Sealing Screw  мέ му-80/10-32 Thread   98070A470     ($8.30 x 10)    $  8.30 
Coupling Nut (Zinc)  ѻέ-нл  м ѹέ [ŜƴƎǘƘ  90264A437     ($1.80 x 4)       $ 7.20 
Pan Head Bolt  ѻέ-нл  нέ[ŜƴƎǘƘ  91400A257    ($5.46 x 10)    $  5.46 
Quick Link  Triangle        3709T32    ($7.50 x 4)      $30.00 
Eye Bolt  оκуέ - 16      33045T52   ($21.66 x 1)     $21.66 
 
Epoxy (McMaster-Carr) 
High Strength Epoxy: Loctite  Hysol E-20hp        6430A19    ($12.16 x 2)    $24.32 
Applicator Gun:      74695A71   ($27.74 x 1)    $27.74 
Bayonet Mixer Nozzle: 5.9" L with 1/4" Taper Tip   74695A12    ($0.91 x 12)    $10.92 
Threadlocker:  Loctite® 242, 0.34 oz  91458A112    ($12.39x 1)     $12.39 
 
Giant Leap 
Chute Swivel: ѹέ 9ȅŜƭŜǘ ς 1500 Ib test        ($6.00  x 1)     $  6.00 
 
Custom Made 
Center Rings:  рΦлϦ ǘƻ оΦлϦ  ѹέ .ƛǊŎƘ tƭȅ    ($10.00  x 2)     $20.00 
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In Stock 
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Construction  

Construction 
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Fin Construction  
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'5

'5

ѻέ .ƛǊŎƘ tƭȅǿƻƻŘ рΩ Ȅ рΩ {ƘŜŜǘ  

нлέ 

L ƘŀŘ ǘƘŜ ƭǳƳōŜǊ ŘŜŀƭŜǊ Ŏǳǘ ǘƘŜ ǎƘŜŜǘ ƛƴǘƻ о нлέ ǿƛŘŜ ǇƛŜŎŜǎ 
so that I could get it home in my car. My plan is to cut 5 or 6 
fins and pick the best of 4 out of them. 
 
bƻǘŜ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ǿƻƻŘ ƎǊŀƛƴ ŀǎ LΩƭƭ ǿŀƴǘ ǘƘŜ ƻǳǘǎƛŘŜ  
ǇƭȅΩǎ ƎǊŀƛƴ ǘƻ ōŜ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ Ǌƻƻǘ ŜŘƎŜΦ 

Fin Construction 
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Fin Construction  
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Fin Construction ς Layout and Rough Cut 

I cut  out a template of the fins from poster board. This allowed for 
an easy transfer of the fin pattern to the plywood surface. It 
turned out that I could lay out 2 fins within the 20έ height as 
shown below and saved a lot of material.  

Cutting was done on a table saw. 
L ŘƻƴΩǘ ƻǿƴ ŀ ǘŀōƭŜ ǎŀǿ ǎƻ L ƘŀŘ ŀ 
friend help me. 
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Fin Construction  
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Fin Construction ς Sanding and Cutting Centering Ring Slots 

It is most important that all four fins be identical so we aligned the 
root edges, clamped the 4 fins together, then drilled 3 holes and 
bolted the fins together. This kept them tightly together when the 
edges  were sanded and the centering rings cut.  We decided we 
needed the holes anyway so that each individual fin could be 
attached to a  guide for cutting the 12° knife edge on the leading 
edge (see next page). 

Clamped and on the drill press. 

After sanding the edges and 
cutting the slots for the centering 
rings. 
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Fin Construction  
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Fin Construction ς Cutting the Knife Edge 

My friend came up with a really good idea on how the hold the fins 
so that we would get a perfect knife edge. We built a half box as a 
guide so that we could attach the fins to it, then used the ripping 
fence to align the box and fin to the blade. 

Guide box with the fin attached 
and aligned to the ripping fence. 

Blade side view. 

A perfect 12° edge! 


