Table of Contents

I 11 0o 1 od £ o] o [T PR TSP 1
2. Problem SAtEMENT.......cc.i i e nreas 3
T O o] 1= ox {1V X TSP PRTR USRI 4
4. Review of Thermoforming PrOCESS ........ccuoiiiiiiieiieiesee et 5
5. Analysis of Current Mold Cavity DEeSION .......ccooeriiiiiriiiie e 11
5.1 Identifying the Target of ModifiCation ..........ccooceeiiiiiiiiiii e, 11
5.2 Theoretical FIOW ANAIYSIS ........ooviiiiiiiieie e 12
5.3 Computational FIUuId DYNAMICS .......cociieiiiieiieie e 17
5.4 EXPEITMENTALION ......oviiiiiiiiitie ittt sttt sttt et e et e e et e e nbesneesbeebeeneenrens 25
5.4.1 Physical EXperimental SELUP .......ccoovieiiiieiie e 27
5.4.1.1 AII PrESSUIE SOUICTE. ....ccitieuiaieesieeieaieesteesteastesseestesseessesssesssesseessesseessessseseens 27
5.4.1.2 FIOWMELEr SEIECLION .......oiviiiiiiiie et 28
5.4.1.3 BIACK BOX....ctiiuiiiiiiiiieie ettt 29
5.4.2 EXPerimental PrOCEUAUIE..........cuiiiaieiie ettt 30
6. DESIGN AILEIALIONS ...c.eeieiiiieiiie ettt sttt sttt sbe et eneesbeebesneenreas 34
6.1 General DeSIgN CRANGES........coiuiiiiiieie ettt st sbe e ree e 34
6.1.1 FOIMING INSEIT.....eiiiiiitieiiiie ettt b e re e sbe e enes 35
6.1.2 ENQraving INSEIT......ccouiiiiiieieiie ettt ettt e b 39
6.1.3 StACKING RING...coiiiiiiiiiiii et ae s 40
6.2 PrOtOLYPE TESTING ...veteeiieieeiie ittt sttt sttt et e bt e b e ne et e e besneenre e 42
7. ECONOMIC ANAIYSIS ....oiieie ittt et et e s sae e re e s aaenteeneenres 48
ST O] o[]S P TR PR PRRP 53
8.1 FUurther CONSIARIALIONS ........ccviieieieiesie ettt bbb e 54
9. RECOMIMENUALIONS .......iitiitiitieiieie ettt bbb s et e e be b b be et b e e eneesee e b 55
9.1 Primary ReCOMMENUALIONS..........ciieiiieieiie ittt nne e 55
9.2 Secondary RECOMMENUALIONS .........c.cciiieiieiieie et 55
10, RETEIBINCES ... ittt ettt ettt et b et et sbe et e nb e be e b e 57
Appendix A — AutoCAD Drawings of Design Modifications
A.1 Test P-16 Forming Insert — DWG. 400669-UIUC..........cccoeiieiiiiiiiecece e A-1
A.2 Conical Drill Bit = DWG. Con DIl A ..o A-5
A.3 Test P-16 Engraving Insert —= DWG. 47673-UIUC..........cccccceiiiiiiiie e A-6

A.4 Test P-16 Stacking Ring — DWG. 400275-UIUC...........cccooiiiiiiinineesereese e A-8



