TETHYS   FIN   MOLDING                           10/20/09                                                       
MOLD POUR
1.  Construct polycarbonate box

2.  Locate holes for registration of pattern (fin) and insert.  See 4

3.  Fit sides and top.

4.  Prepare pattern, sand smooth.  Properly placed holes for registration.  Extra pin in big   end for alignment.

5.  Mold release on all faces,  Easy release 200 or 205

6.  Install pattern – clay and other fillers on side nearest box base.

7.  All sides on

8.  Tip so small end uppermost – mix and pour Sorta Clear 40 into 1st side.   Set overnite

9.  Open mold – inspect – remove clay completely
10.  spray mold release

11.  Pour 2nd half,  set overnite

12.  Demold, inspect, remove pattern

PREPARE MOLD FOR PART MOLDING

1  Use  insert for locating and  boring registration holes 

2.  Locate  hole for .172” SS shaft 
PART MOLDING

1.  Install insert with 6-32 screw and locator pin

2.  Mold release ER 200, applied

3.  Reassemble mold, Use a sealant/grease such as Chemplex 710 to seal seams and screws on lower half of mold.

4.  Install 0.172” shaft, locate tip into insert,  seal protruding shaft with silicon grease.
5.  Turn so fin big end uppermost.
6.  Mix and pour Smoothcast 322 or  327. Degas 29” till collapses, working time 15 min.  
7.   Fill spru tubes nearly full. Check for leaks. Quickly seal with clay and tape.    Set minimum  4 hrs.  See Notes.
8.  Place in pressure pot, 50-60 psi., hold for 1 hr. min. this reduces bubbles even further.      Bring pressure up slowly.
9.  Demold, inspect,  clean very carefully,  apply mold release, reset hole guide and insert.  

10. If  Smoothcast 322 or 327- Do post- heat treat (notes)   Repeat 1 thru 8 as necessary. 

FINAL---------------------------------------------------------------------------------------------------

10a.    BJB TC-1600, follow 5/1/09-4/28 working notes.  Some done with yellow outboard section.
-------------------------------------------------------------------------------------------------------
NOTES:   
Smooth-Cast 322  
Shore   72D,  100 cps,  15 min pot life,  demold 4 hrs,    1.07 S.G.
- shake each can before pouring 
-use ~60 grms each ,  1/1 mix

- WT ~15 min, becomes milky white

-if add orange- turns PINK

Smooth-Cast 327  (Orange)

Shore   72D,  100 cps,  15 min pot life,  demold 4 hrs
-mix fluorescent Orange colorant

-shake both A and B before measuring  out 
-pour ~60 gms Part B into 500 ml container
-mix ~1 gm colorant into Part B

-mix thoroughly equal amt of Part A into B  
-degas 29” till bubbles collapse

-pour smoothly into mold, WT ~15 min

-attend to leaks if  mat’l leaks out

-becomes translucent orange

Smooth-Cast 327 (yellow) never tried.
WORKING NOTES:
1st orange fin -   Jan. 2009-mold shims on upper/lower trailing edge inner side and had bubbles  Added sprue reservoir tubes

2nd  fin,  Moved shims to entire front side trailing edge. 2x 75 grms + 1.5 grm color in B.  Worked better.  Still some slight bubbles,  pressure pot?  Hardness slightly rubbery compared to 322.   Try post heat treat.

3rd – used 60 grms A and B.   sealed mold seams and screws with Silicon grease.  

Feb 2009
Post heat treat 150 deg. F.  for 4 hrs does increase rigidity significantly.  Let fin hang vertically thru entire heating and cooling back to RT.  Mat’l softens while heated.   

FYI- I heated a fin held horizontally at ~100 F. for 3 hrs, did slightly droop.  Seems to mostly recover as it cools.  Keep fins on edge or in stiff covers until ready to launch
Pressure Pot- Works very well to further reduce bubbles in parts.  Let part completely cure at pressure,  50-60 psi.   Max for our pot 80 psi., pressure relief set to 60.  

March 2009

Trial with stiffer product to eliminate fin droop and increase fin breakaway under impact.

BJB TC-1600
Shore 95D,  1700 cps,  30 min pot life,    15 hr demold,   1.17 sp. Grav., Shore   72D,  100 cps,  
125 gm A,  mix in 1 gm orange colorant into 2 liter container, 10/1 degas!!!!!

25 gm B.  Mix thoroughly

Degas completely,  29 Hg

Pour slowly into mold, overfill slightly ~1/2 inch
(greater viscosity decreases tendency to leak out of mold)

Check for leaks

Pressurize to 50 psi
Demold after 15 hrs

This epoxy based material resulted in a fin which was very brittle,  it broke when gently bent and fractured badly just trying to remove the metal insert.  Fin looked great otherwise, 1700 cps flowed fine.     

.  NOTE from BJB about TC-1600:  Epoxies by nature are brittle and are usually used with fillers in laminated structures.   

A telecom with a Smooth-On technical rep. yielded the following-The thin sections we are pouring disallows complete chemical reaction to occur in those areas.    Pre-heating the mold to ~100C.  will help allow proper reactions.  Post-heat treat 4-6 hrs  will yield a part which will be close to the intended 72D and should break when hit on a table. 
 If this doesn’t do the trick,  Task 9 is worth trying.  Also, try glass bead filler which will also increase stiffness, trial and error, start with 50%.?     
 Another 327 based fin was cast with mold pre-heated to 100 C.  it was also post treated to 65C and cooled slowly to RT.  It came out definitely stiffer but not brittle.  It did not break when held in a vice and struck solidly with a dead blow hammer. The following resulted:

The SortaClear Silicon mold material expanded which resulted in a part which was ~.040 thinner than intended. The allen access hole in the top of the fin broke thru both sides.  The Mold was adjusted for this by adding  shims on both long edges  of the endplates.  Adjustments also made to better center the allen hole and the metal insert locations.   This added .030” while retaining a little compression to help seal the mold with the intent of reducing leakage.   A thicker top plate was fabricated to stiffen that surface.      
A 327 fin was cast with  the new mold configuration, pre-heated to 100C.  post treated 65C.  Hole locations and thickness nearly perfect.  Mold sealed well. Fin- good stiffness, did not sag when horizontal for 3 days, however not breakable!! 

4/8/09- Next trial, a small 1 ¼” dia. tube test pour with RT 327 mixed with 1% by wt!!!glass beads to see if they stratify or remain well mixed.   
1% seemed like a lot on a volume basis.  The idea is to increase brittleness with perhaps a 2stage pour with a line of glass beads if they stratify.  This mix remained well mixed except for a thin 1/8” foamy layer.  Sections ¼” thick did break when struck solidly , 1/2” section did not. 
Another trial with same tube, 10% by wt beads, big degass.  65C during initial cure.  Pinkish instead of orange with 1% by wt tint.  Foamed badly during slightly heated cure, expanded 1.5” out of tube, ~25% ,  maybe longer degass would help.
4/10/09
Additionally, BJB suggested a Shore 84D hardness polyurethane called TC-854 which sets up pretty hard since it is between 72D and 95D.   450 cps.     It does not tolerate moisture so they suggest a 80-100F. preheat of materials so  I   preheated the  mold to 40C.   Mixed 80gm A to 48gm. B no color this time.   Pressurized cure  for 1 hr.    7 min work time. 
 Nice result. Definitely much harder than   327.    After 4 days at RT to allow aging to full hardness, clamping the base in a vice with the metal insert installed, a solid blow did not break it.     Flipping it over so the vice held the top 1/3rd  a solid blow did break it at the vice line.    
4/14/09  TC-854- added 1 gm orange to 80 gm part A, mix 48 gm part B, degas,  pour in pre-heated 40C mold, 50 psi cure.   Overnite,  Very nice part.  

4/15/09 Ericson Iteration, TC-854, try 2 step pour,  40gm A + .5gm orange,  24 B,  degas, preheated mold 40C, pour to approx 1” above insert, 50 psi 1 hr. min. -- reheat mold, same portions as above, pour balance, 50 psi cure.    See if results in preferred break-line.    Alas,  the bond line was too strong,  J.Ericson hit it pretty hard, didn’t break.
4/17/09 sawed existing TC-854 part at intended break line, glue back together with E-30 CL epoxy, see how well it bonds.  Potentially incorporate into 2/3 step pour.  Broke without a hard hit.  Fragility?    
4/21/09  Poured 50/30gm. mix TC-854 +.5 gm YELLOW outer , preheated mold 50C, 50 psi 1hr.  1 full squeeze E-30CL epoxy filler,  let set 2 hr, preheat 50C.  30/18 gm. TC-854 + .3 gm Orange, 50 psi.    Check for acceptable bond strength and thickness.  Again, broke too easily, gentle hit with palm.   
4/23/09    Poured 50/30gm. mix TC-854 +.5 gm Orange outer , preheated mold 50C, 50 psi 1hr.  ½  squeeze U-09FL (flexible Urethane Epoxy) filler, be sure to clear bubbles from mixer tube,  30/18 gm. TC-854 + .3 gm Yellow, 50 psi.       Check for acceptable bond strength and thickness. 

 THIS WORKED GREAT.    Normal bumps and pushes no problem, can even bend fin slightly.   At RT,  Jon hit it solidly and it broke along the bond line at the thicker end of the section. Fin stayed attached by the thinner section at the trailing edge.   PHOTO.
4/28/09 
1.  Poured 50/30 gm. TC-854, + .6 gm orange.  Mold preheated to 50C.  Mix vigorously, degas, pour till ~0.5 “ above insert location. 

2.  50 psi  1 hr. 

3.   ½ squeeze, (~1cc?) Be sure to clear bubbles from mix tube,  Loctite U-09FL, let set  2 hr.

4.   Poured 30/18 gm TC-854 + 0.3gm orange. Mold reheated to 50C.  Mix , degas
5. 50 psi 1 hr min. 
6. fin should RT age for 4-5 days for max strength.    

7. sand smooth, 
8.  use fixture to trim base to proper angle 

9.  install insert, Use  a 0.343 reamer to smooth insert hole, put screw into insert-   gently press or tap into position, no adhesive required.  
5/1/09    0 deg C 1 hr soak,  fracture check,  seemed much stronger and did not break when firmly hit with palm of hand several times.  U-09FL was ~0.1” ave. thickness.  4/23 trial U-09FL thickness was 0.05-.08” in forward area that  fractured.   
5/1/09  Same as 4/28 – BJB  TC-854 50/30gm.  + 35/21gm. ratios poured.  U-09FL layer kept ~.07”, this fractured nicely when firmly hit.  Important to keep U-09FL layer less than 0.1”  
~7/09 - exc.  0.5 gm Smooth-On fluorescent yellow  added to TC-854 50/30.  0.3 gm Smooth-On fluorescent orange added to  35/21 outer pour.  U-09FL layer kept under 0.1”

 Procedure of 5/1 followed for 10 fin production. U-09 layer kept clear.
8/10/09 - Accidentally put top of mold on backwards so insert in wrong location.  

This was #6/10 of  multicolored “production” run, so it became a good trial fracture part.  I installed the insert, mounted the insert stub  in a vice and hit the fin with the palm in a slow firm way.  It resisted slightly then fractured.  Very nice result.   U-09FL layer about 0.1” thick, slightly thicker than ideal.  

10/20/09      Compilation of  Production Run procedure

1. Mold preheated to 50C.   Poured 50/30 gm. TC-854, + 0.5 gm Smooth-On flourescent yellow Ignite pigment. Mix vigorously, degas, pour till ~0.5 “ above insert location. 

2.  50 psi  1 hr. 

3.  Loctite U-09FL,  ½ squeeze, (~1cc?) Strive for bondline thickness less than 0.1”.  Be sure to clear bubbles from mix tube,  let set  2 hr.

4.  Mold reheated to 50C.   Poured 30/18 gm TC-854 + 0.3gm Ignite orange. Mix , degas

5. 50 psi 1 hr minimum.   Let sit overnight in mold.  Gently release from mold.

6. fin should RT age for 4-5 days for max strength.    

7. sand smooth, 

8.  use fixture to trim base to proper angle 

9.  install insert, Use  a 0.343 reamer to smooth insert hole, put screw into insert-   gently press or tap into position, some  adhesive may be required.  

10.  Carefully clean mold and reapply EasyRelease 200.  Refit insert blank and carefully reassemble mold.  Refit allen key shaft, seal shaft entry with Silicon grease.

