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> BACKGROUND OF STUDY » FACTORIAL DESIGN OF EXPERIMENT

PA12 Polymer Eyewear 1. Injection Moulding of PA12 Eyewear Components
Operator-Dependent Inconsistent Finish (Frames and Temples)
Relying on Operator’s Peeling, Grginy Texture 1
Experience, High Variability Surface and Micro-Scratches

2. Trimming of Part Line
(Norton Handy Roll abrasive, 38 mm x 25 m)

N ~

3. Selection of

Unknown Roughness Tumbling Media

Control /

Limited Literature
\ Data

Lack of Quantitative Data Limited Studies on Established
between Roughness (Ra) & Tumbling Parameters and
Tumbling Parameters Surface Roughness
1 Wood Barrel Tumbling Ceramic Wet Tumbling
Reworks and Rejects Dry finishing; large horizontal hexagonal wooden drums Barrel-type tumbler with ceramic abrasive cone + water
High Defect Rates Leading to ‘ l
Costly Reworks
(Rotational speed: 40 rpm (constant) \ KRotationaI speeds: 30 rpm and 45 rpm \
> METH@D@LQGY F Loading levels: 25, 50, 75, 100 pieces -Loading levels: 25, 50, 75, 100 pieces
_ ] Duration levels: 12, 24, 36, 48 h Duration levels: 30, 60, 90, 120 min
1.0 Sample Preparation 3.0 Pre-coating -Experimental runs: 16 -Experimental runs: 16 / speed (32 total)
. !Pjectic_)n m?uldetdl_PA12(fframe§ Ultra-sonic Cleaning *Replicates: 5 per run ‘Replicates: 5 per run
* irimming Of part linés (frame *Total roughness measurements: 80 *Total roughness measurements: 160

temple) N | / 7 | /
éonstant conditions: \ éonstant conditions: \

Same environmental conditions and Same environmental conditions and

equipment calibration; same PA12 batch equipment calibration; same PA12 batch

and injection moulding  conditions; and injection  moulding  conditions;

standardised wood media and size; same standardised ceramic media and size;

handling and coating procedure; same same handling and coating procedure;

@eoimen dimensions. / @me specimen dimensions. /

g 4. Pre-coating Cleaning and Drying A

Novatec ultrasonic cleaning line; NGL solution; 10 min at ~35 °C; distilled water rinse;
centrifugal drying at 30 °C for 8 min total

- l /
‘ Wy 4 5. Coating Process A
50 pCS at 45 rpm Primer 27M01107 + Catalyseur 20102 + Thinner 274
at 30 min Mix ratio = 1.00 : 0.15 : 0.80 by mass | Polyurethane varnish 20076; shiny finish
- —a Reciprocating spray unit; spindle ~43 rpm; cure 48 h at 22 °C
: \ /
4.0 Coating l
¥ 5 - ‘( ) f .
\. -' Hand spraying
Al ’ the inside of Characterization and Evaluation
Ier - the frames

» EVALUATION
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Recipr'cating
unit for spray

coating b .
- /I-\ Cross-Hatch Adhesion | /B. Surface Roughness T+ 4 C. Scanning Electron 4 D. Visual Inspection
Test : Measurement o - Microscopy (SEM) ISO 13076 800 + 100 lux;
- ASTM D3359 Method B GelSight tactile profilometry Tescan Vega 3 Au/Pd Viewing Distance
Mean Surface Roughness, Ra (um) VS Tumbling Parameters 6 x 6 lattice; 3 test locations ISO 4287 Outputs: Ra and sputter coating 25-45 cm;
Wood Media Tumbler K \ Rz; J QSO 16700 (200x% to 5000x) \_ Zones A, B, C -

381+

> ANALYSIS OF RESULTS | SeramicMedia wood Media o SEM RESULTS

50 pcs at 45 rpm at 30 min 24h with 25 pcs
GelSight Roughness Analysis - Ceramic Media ' ' s

d Untumbled Sample
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1.0 - 2 undulation 1= ‘ } Elaking

0.5 - E
Loading (pcs) 25 50 75 100 25 50 75 100 25 50 75 100 25 50 75 100
Duration (hr) 12 24 36 48

1gh pm)
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200 pm x 1000 S0 pm_ x 5000 10pum X p | T 7T p— x 1000 50 um x 5000 10 um

24h W|th 100 pcs

1 50 pcs at 45 rpm at 30 min

. 90 min @ 45 RPM o 2 B 8 8 1 x 2 200 pm x 1000 S0pm_______

W wmn@3oreM ] 50 pcs at 45 rpm at 120 min
SUMMARY @F KEY F[NDIN@S Optimum Tumbling Conditions

Ceramic Media Tumbler
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x 5000 10 pm X 2 A [LNTY 1 P— x 1000 50 pm x 5000 10 pm

B 60 min @ 30 RPM

1.5

Ra (pm)

- 120 min @ 45 RPM

1.0 . 120 min @ 30 RPM

Wood media produced smoother and more consistent surface texture O Ceramic at 45 rpm for 60 —

Height (pm)
oup o @ o B o

sl I while Ceramic media resulted in more aggressive abrasion. 90min with 25 — 50 pcs
SEM analysis confirmed reduction in surface defects at longer O Ceramic at 30 rpm for 30-60
Speed (rpn?io “ H Q Qg ,&g«; ,.gg; S .@h e Dp NP 5&, .@, Do NP \ o 2 3 UL PR ' durations min with 50 — 100 PCS
Loading (bes) 2 & b O s & S e © e GelSight results showed consistent trends in Ra and Rz [ Ceramic tumbler at 30 rpm with
Duration (min) 0 & S o? measurements 75 pcs for 30-45 mins then 1in

Optimal surface finish achieved within Ra range =~ 0.6 — 1.2 um wood tumbler for 12 hours.
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