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A Rapid Replacement Mold for 3D Texture Shoes
Production Processes
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Abstract

Shoe industry is in the trend of rapid fashion; to seize the business opportunities, short
development cycle becomes one of the critical factors. To make shoes, it is required to sample
around 3~10 pieces for designer to verify the unique texture, tough and the reliable tests most
of which relies on mold injection, vamp not included. Nevertheless, the cost of a mold
relates to its quality. How to keep the developing process short and the cost low brings your
products competitiveness in shoe industry.

This study applies the innovative design theory - TRIZ (Theory of Inventive Problem
Solving) along with experienced mold designer to propose a concept for rapid and mutual
mold. It can be utilized for the multiple design and fabrication of mold for soft plastic material
to get different material texture at the preliminary design phase. Combining various inserts
built by 3D printing, it not only shortens the lead time of mold and also lowers the
manufacturing cost to achieve the goal of rapid batch production at the prototype phase.

Calculation has been conducted based on facility, material, manufacturing cycle time and
insert cost to compare one insert design by CNC machining and 3D printing.
a. Facility cost: NTD 2.2 million for CNC machining and NTD 331K for 3D printing,lower
cost 85%
b. Insert material cost: The cost of the same volume, the traditional material in ALUM
ALLOY cost 20 times higher than the photosensitive tree Ester 3D uses.lower cost 94.5%
c. Manufacturing cost:  the traditional manufacturing takes 28 hours while rapid printing
takes 5 hours only to save 82% machining cycle.
d. Machining cost: 55K for traditional manufacturing and 3K for rapid priniting.

The plastic material that shoes applies includes TPR, TPU, PU, Rubber, EVA, PVC,
EVA MD, etc. The current 3D printing uses photosensitive tree Ester that is not yet mature to

develop a series of different types. However, applying 3D printing technology for insert



production could shorten lead time of mold and complete PU or TPU prototype in quite a

short time to achieve both goals of short developing timeline and low cost consideration.

Keywords: Rapid Tooling, Rapid Prototyping, Digital Light Processing, TRIZ.
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model
Display panel

Resolution

Lamp

Image Size

AEAA B
WNERE

B A K

Optical Output
Power

SMRL / EE

Photo

5%

Phrozen DIP one

0.65" DarkChip™3DMD
1080p(1920=x1080)
Maximum WUXGA
Osram® 2 gk 3 88
400-680mm & &

140 x B0 xH1Tmm /75 pm

225 x 410 x 800 mm / 12

’

NT/3, 6000

MiiCraft 125

DLP4710 (0.47" ) TI DMD
1080p(1920x1080)
16:9
UV LED
405mm & #%

125 x 70 x H120 mm / 65 pm

30-63 um
0.05-0. 2mm
.SLC -~ . ZIP

{ PNG )~ .CWS~ . MII

24V DC - 3.754
100~240V AC/24 - 20 / G0Hz

430 x 430 x 590 mm / 36.5
kg

-

NT/43, 0000

TR kR AR ]
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3028 LA R H R R R

{12 ¥ % & (MPa) 6543
#BER (C) 51

AL kR ¢ https://www.carbon3d.com/materials/

d TR M SRR R R A S MRS TR R 7 A %Y R

W RRIDEF LR E PR IR AF PR TR .

(1) >+ H# 1: £ Carbon EPX 81 A f* ey » H 4 & A % % § # > 24 4 140°C

SRR R fomt B iR B 89 B Carbon ® B B g BB T B FE it gl

PO Fded 29 #57 (34 7R 4o%it 45 D) -

EPX 81

# 29 : Carbon EPX 81 s ## 2%

%A (gcm’) 1.187 glem’

8 HEF (%) 5.240.7%

A B (Shore D) 90

# B8 8 @ 0.45 MPa/66 psi, ASTM

140°C
D648
#8258 B @ 1.82 MPa/264 psi ASTM

131°C
D648
#PE thik (60, 130 °C), ASTM E831 93 ppm/°C

7oA kR - https://www.carbon3d.com/materials/
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frfe R (%)

B 44 : EPX81 %A i“ g2 BN £ T4 &k ¢ http://www.carbon3d.com/materials/epx-epoxy

»F 44k 20 & Carbon CE 221 e AT f“ fiffig » H A = 4 5 § fefia - - faseiisk sy
Bfa b o Hig & T L F BB 4 B > ¥ L HEE 4 mR BRI L 231°C ot
HERE P B A BESE ARKRLBEESCE21 L LA ETLT R

5 R B et Al o PR Ao & 30 #f T (FRim R Aetit R E)

# 30 : Carbon CE 221 ##7 Hi £ 5

%A (glem’) ‘ 1.210 g/cm®

®HHEF (%) 3.3+0.8%

A B (Shore D) ‘ 92

#9252 % @ 0.45MPa/66 psi, ASTM

231°C
D648
#E7ER @ 1.82 MPa/264 psi ASTM 201°C
| D648
#958 thi (100, 180 °C), ASTM E831 90 ppm/*C

TR kR https://www.carbon3d.com/materials/
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PR FORBE A AL Y AR 3D A IR R M

7

B RIS B R RAL ) A AT £ 0 £ 3L 4A .

W 46 JMT2010 & § tforl £ % TR R R P R

% 31:JIMT2100 % 8 8 §opl & %2 844

R £ 7424 B XYZ (mm) 200 x 100 x 200 mm

Bt B F 18X—120X

#E &£ £ Max (kg) 18 kg

FRRR MR R
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BIEHFAR (Uum) 0.014 um
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5 kg/H=28mm

AL KR - Keyence 5 A A T8 ik
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35 | Transformation of Physical or
Chemical States of an Object
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Phase Transitions gl v BT AR chE -
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Composite Materials
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4% D: EPX81-TDS
& i https://lwww.carbon3d.com/materials/epx-epoxy/

DOC #1039

VE

carbonResin EPX 81 TECHNICAL DATA SHEET, LAST UPDATED 1/24/2017

Tensile Properties—ASTM D638-Type V, Imm/min Metric us.

Tensile Modulus 3140 £ 105 MPa 455 =15 ksi
Ultimate Tensile Strength 88 = 3 MPa 13204 ksi
Elongation-at-Break B2 07% 52=07%
Flexural Properties —ASTM D720, 0.lmm/mm-min Metric us.

Flexural Strength 119+ 21 MPa 17+ 3 ksi
Flexural Modulus (chord, 0.5-1% strain) 3250 + 45 MPa 471+ 6.5 ksi
Impact Properties Metric us.

Notched 1zod (Machined), ASTM D256 235 Jfm 043 = 0.09ft-1bfin.
Unnotched lzod, ASTM D812 291 £ 48 J/m 55 = 0.9 ft-Ibfin.
Thermal Properties Metric us.

Heat Deflection Temperature @ 0.45 MPa/66 psi, ASTM D48 140 °C 284°F

Heat Deflection Temperature @ 1.82 MPaf264 psi ASTM DE4S 131°C 268 °F
Coefficient of Thermal Expansion (-60, 60 °C), ASTM ES31 65 ppm/°C 36 ppm/°F

(60, 130 *C), ASTM EBH 93 ppm/°C 52 ppm/°F
(130, 200 °C), ASTM EB3 160 ppm/°C 89 ppm/°F

Heat Capacity, 23°C, ASTM E1269 119 Jig-"C 0.284 BTU/b-°F
Electrical Properties Metric

Dielectric Strength, ASTM D142 22.4 kW mm

Dielectric Constant, TkHz, ASTM D180 304

Dissipation Factar, 1kHz, ASTM D150 000668

Volume Resistivity, ASTM D257 308E + 14 ohm-cm

General Properties Metric

Hardness, ASTM D2240 90, Shore D

Density Cliquid resin) 132 gfem®

Density, ASTM D792 1187 glem?
‘Water Absorption, 23°C, 24 hours, ASTM D570 016%
‘Water Absorption, 23°C, long term ASTM D570 0.80%
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fiti E: CE 221-TDS

% ik https://www.carbon3d.com/materials/ce-cyanate-ester/

. DOC # 74 REV' B
carbonReSln CE 221 TECHNICAL DATA SHEET, LAST UPDATED 1/24/2017

Tensile Properties—ASTM DE38-Type V, Tmm/min Metric Us.
Tensile Modulus 3870 £ 140 MPa 561+ 20 ksi
Ultimate Tensile Strength 92 £ 13 MPa 13 = 2 ksi
Elongation-at-Break 33+08% 33+£08%
Flexural Properties —ASTM D790, 0.0Tmm/mm-min Metric .S,
Flexural Strength 131+ 27 MPa 19 * 4 ksi
Flexural Modulus (cheord, 0.5-1% strain) 3780 = 113 MPa 548 = 16 ksi
Impact Properties Metric Us.
Motched |zed (Machined), ASTM D256 15+ 1Jfm 0.28 £ 0.02 ft-Ibfin,
Unnotched lzod, ASTM D4812 291 = 46 Jfm 55 = 08 ft-lbfin.
Thermal Properties Metric Us.
Heat Deflection Temperature @ 045 MPa/66 psi, ASTM D648 2n°C 448 °F
Heat Deflection Temperature @ 1.82 MPa/264 psi ASTM DE4B 200°C 394 °F
Caefficient of Thermal Expansion (-80, 100 *C), ASTM EB31 52 ppm/°C 29 ppm/°F

(100, 180 °C), ASTM EB31 90 ppm/°C 50 ppmy/*F

(180, 200 °C), ASTM EB31 147 ppm/°C B2 ppm/°F
Heat Capacity, 23°C, ASTM E1269 117 Jig=C 0.279 BTU/Ib=°F
Thermal Conductivity, ASTM C518 Q167 Wim-k 0097 BTUShr-ft-"F
Electrical Properties Metric
Dielectric Strength, ASTM D148 220 kVimm
Dielectric Constant, 1kHz, ASTM D150 312
Dissipation Factor, 1kHz, ASTM D150 000456
Volume Resistivity, ASTM D257 2 24E+14 ahm-cm
General Properties Metric
Hardness, ASTM D2240 92, shore D
Density, ASTM D792 1210 glem®
Water Absorption, 23°C, 24 hours, ASTM DS70 0.21%
Water Absorption, 23°C, long term ASTM D570 055%
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K S EARLADLRF LD 748 & https://www.covestro.tw/

Desmophen® 670 BA

Characterization

Slightly branched hydroxyl-bearing polyester.

COVQStI’Ol

N

As a co-reactant primarily with Desmodur® N 75 and N 3390 in the formulation
of weather-stable flexible coatings.

Form supplied

approx. 80 % in butyl acetate

Specification

Property Value Unit of measurement Method

Hazen color value <150 DIN EN 1557

Acid value 1.8%1 mg KOH/g DIN EN 1SO 2114

Viscosity at 23°C 3,000 + 400 mPa's DIN EN ISO 3219/A.3

Non-volatile content 80 1 % DIN EN ISO 3251

1 g resin/

1 h 125 °C, convection oven

Hydroxy! content 35+0.3 % DIN 53 240/2

Water content £0.1 % DIN 51 777/1
Other data*

Property Value Unit of measurement Method

Equivalent weight approx. 485

Density at 20°C approx. 1.11 almil DIN EN 1SO 2811-2

Flash point approx. 32 °C DIN EN 1SO 2719

*These values provide general information and are not part of the product specification.
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DOSEPERLADL

7 #% & https://www.covestro.tw/

CY . e
(=4zs5) Bayer MaterialScience

Desmodur N 3300

G it Ji iy B - R R (HDI =28 4%)

PERVTE R T

iz TR 65 Z MR ER A R b A1 [ 1h5m) 20 45

F= g

e #E WE LY WA=

NCO & 21.810.3 % DIN EN ISO 11909

kiR, 23°C 30004750 mPa's DIN EN ISO 3219/A.3

fo{§(HAZEN/APHA) <40 DIN EN 1557

HDI ffk <0.15 % DIN 55 956

Hih g

Rtk HE JERAL PRy 2

KiEE, 25°C £ 2500 mPas DIN EN ISO 3219/A.3

=Py #1193

A 74 158 °C DIN 22719

W, 20°C ¥51.16 g/ml DIN 53 217/2

*PLEEHEA—RBEE, BT aigdas.

HERRTERRTE Desmodur® N 3300 mJ LLFIEEZE . WL, 5 &HFIREIHN .
ZRZBE. ZIE T, W Z %M. . P2, §
LR TIEER. HOmE. T, WA, 1004 §FHA N ALk
RAYSEHITHRE. —5S LIAHF R RIFIEGE. B
IR ET I e 0 b AR e k. AT I IR E RS POAH (KA
KT 0.05 %, LRGSR IR EREE
YEH .
Desmodur® N 3300 AN#:FE 2[4 4 40% LLUF . JbRHE 1%
(e, A HBAEAT S5 T HE 2t BLIE S AT

FisEagan Desmodur® N 3300 — i 5 LU Fr= @i . EBl: Desmodur®

N 100. N 75, N 3200, N 3400, N 3600 % Desmodur® Z 4470
KR iR RSN Desmodur® L, HL #1 IL 5% FikR R
NS Desmophen® 670 2EHAs £ 7tEE:; Desmophen® A

KB IGTEERS . (R0 AT RS AR . Desmodur® N
3300 532 L BN soRESE = dh i Desmophen® 651 ol JEf# %
JLRESEF= 4N Desmophen® 550 U A%
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