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Problem




E t creates
IYP = 10%
20 million
waste tires
barely 10 percent
CJ-nnUG“y of those are
recycled

According to Wamda



Waste tire
Hazards

-Oil Leakage

-Fire




Solutions




Solutions

n Cement Furnace Fuel 5 Rubber.T|Ie
Producion
Used as a furnace fuel due to Molding rubber powder for

its high calorfic value production of rubber tiles



' Benefits




e Sound and shock

absorbent
e Nonconductive
e Comfort
e Bacteria-resistant
e Slip-resistant
e Resilient in high-
impact areas

Chang, L.T. et al., 2004



Stages of prolem solving

Start

Collecting data and
researches

False

Testing Data

Purposea
Methodology

design

Hydraulic Design a new Design a
circuit with mold with a machine
control new ldea structrual




Collecting
Data and
Research
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e Percentage of
components

Critical

Parameters

e [emperature

e Pressure



Rubber tile Components

Black rubber powder

Colortul pigment (Iron oxide)

Poly urethane (PU) Glue

Strebech, C., 1990



Percentage ot components

Amount of rubber particles, wt.%
% 8 8 75 70 65 60

Relation between 25| NPT

2.0F | 4 2.0

percentage of
rubber to PU glue

15} { 41.5

and young's modulus

Young's modulus, MPa
Young's modulus, MPa

05F » _ f 4 0.5
-
e

) el
60% rubber, 40% glue is pertect 1015 20 25 30 35 40
percentage according to youngs Amount of PUR adhesive, wt.%
modulus

Straksys, A., et al., 2018



Percentage ot components

Relation between
percentage of rubber
to PU glue ana

compressive strength

65% rubber, 35% glue is pertect
percentage according to
Compressive strength

Amount of rubber particles, wt.%

90 80 o 60 20
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Amount of PUR adhesive, wt.%

Straksys, A., et al., 2018



Temperature

Relation between
temperature and

compressive strength

The best moulding temperature is
about 75°C, over that compressive
strength decreases

Curing temperature, °C

Compressive strength, MPa

20 30 40 50 60 70 80 90

9 “ 9 &
#b.:-h

S . 108 T

7 - | 17 £

6 16 Z

4l Compressive strength at break » 4 &

=— Compressive strength at yield

.

30

40 50 60 70
Curing temperature, “C

50 90

Straksys, A., et al., 2018



Pressure

—— Densty
1.2+ ol 5 U —&— Thickness Reduchion
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As pressure increase, Density Moukding Pressure (MPa)

increase and thickness decrease

Lucignano, C., et al., 2012



Pressure

Relation between
oressure and

tensile strength

As Pressure increase, tensile strength
increase, leading to good adhesion

Tensile Strength (MPa)
© o o o
w = on (#)

O
N

0.1 //
o0
1.0 1.5 2.0 2.5 3.0 3.5

Moulding Pressure (MPa)

Lucignano, C., et al., 2012



Pressure

60 -
Relation between . T S e
oressure and i,
Hardness i .. f
: 40- -”f:
As Pressure increase, Hardness 35 | _ . . . —
iIncrease 1.0 1.9 2.0 2.5 3.0 3.5

Moulding Pressure (MFa)

Lucignano, C., et al., 2012



Summary

e The Suitable pressure for
molding tire is 3.5 Mpa
F = PA =10.8 ton

e The Suitable molding
temperature is /5 ¢

o The Suitable o The Suitable
percentage of rubber percentage of glue
is 60-65% is $5-407%



Communication
with chinese
companies




Percentage ot components

According to

jucaimachine co.

The percentage of
PU glue : rubber
IS
1:6 (17% : 83%)
It means one ton powder
need about 170 kg



Pressure

The datasheet of the XLB-25T is as below table,
from the datasheet you can see that this press is
very small, normally for experiment use only. Not
suitable to produce rubber tiles in bulk.

Clamping Pressurs
Unit Area Pressure:
Hydraulic Cylinder: |1pc Datasheet of 25 tO n

Maximum Stroke of
Plunger:

e T T machine from (JINGYUAN

Quantity:

Motor: 1pcs 2.2Kw Motor o o
Heating Type|Electricity G frou P CO .,LI m Ited )
Available:
Control Method: Automatic Control Mold Open and

Close Manually Push and Pull Mold

in and out

0
Max 200 C for Electricity type

T 2 =%

Weight: About 800kgs
s L

Time:

Production ead|10-15Days




From data sheet we

ololteTIt VNI - _ (* A — 20.41* 20 * 16.5 * 10

pressure=20.41 — 67353 N = 4.7 ton
kg/square cm




Due to conflict in components percentage
between research and manufacturing companies
and to ensure the validity of other parameters
we have to do practical testing



Design a Prototype

Testing Data



st Practical test

60% rubber- 40% glue




2nd Practical test

83% rubber - 17% glue




 Molding Force is 8 ton

e Molding temperature
is /5 ¢

Conclusion

From tests ° Percentage O'F rUbber
to glue 6:1(83% : 17%)




Development
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Mold Manutfacturing

Steel block Sheet metal



Mold Development

We have used the
3D printing technology



Mold Material

Material Tensile Bending stress Melting Heat Deflection
strength Temperature Temperature
(Mpa)
(Mpa) ("C) ("C)
PLA 61-66 48-110 157-170 49-52 at 0.46 Mpa

160 at 0.46 MPa

190-270 98 at 0.46 Mpa

Manutacturing, S.D., 2016.



Mold intill types

Triangular infill Rectangular infill Hexagonal infill

markforged.com



Mold intill percentage

90% 80% 70% 60%
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ill test

30% inf



30% infill test




50% infill test




Final Mold

Design




Mold |
Manutacturing

RS«



Final Mold

ABS Material
Triangular intill
60% intill




Final Mold
ST-37 Material

20mm Thickness

Laser cutting

3 heaters
400 Watt




Machine Design




Desigh methodology

1.
2.
3.
4.

Components Constrains
FEA
Empirical equations
Recommendations & Previous work



Machine Versions

VersionT Version 2 Version 3

e High cost o low cost e High cost
e more options e skill dependent e reliable design










2
n
2
"
-
<




Maximum stress

acting on machine is
129.76 Mpa




B TR
4 5338-04
L 4.080e-04
3.626¢-04

Maximum Strain is iy N

2T 20e-04

4.533e-04 e

. 181 3e-04




Factor of safety is

2.5




Hydraulic Design
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Hydraulic T
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Hydraulic circuit design

Component Equation Selected Data

P = 1320 bar

Cvylinder F =P . Apiston Apiston = 78.54 cm2

Dpiston = 100mMm
Drod = S56mm

V=2 cm/sec

) =9 L/

Pump Q =V . Apiston V.= 6.89 cm>
AZPW-1-008R
Electric motor Pelectric= P . Q. . Fs Pelectric = 3 KWatt = 4hp
Directional Control valve 4/3 DCV Type G Size 6
Pressure relief valve - Seton 160 bar

Tank Volume Volume = (3:5) * Q Volume = 40 L
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Electric motor selection

e | 1 - ey M : L
¥ i L .
. r P S b | e Tiw - Ll:wv .y
E ¥ ¥ & ¥ i e
b " 1 o
"EE .. i = - <4 W [ o o | =) | Ewre T
]
e LS T v LY Foae T & el e ey . T i s o = = g
-
- ' - ey r Il 1 Tress w T »
2 2 E E 2 E 3 E E
v L = - . 3 *LE "
E E - E
] B = 1 F] N | T
4 b
& 1 L] 1 (] N 1
E * E E E
1 B - - v " Y n
E # # 2 E ] E
' 1 1 1 T ' . 1 L] 1%
E g
1 | ¥l 1 L] &
- E
¥ 1 L]
E 2 E 2 4 E
§ L L ' 1
E ]
- v . "
E .
- - - & - L
E - E - E E
L 5 8 - L " "
E * £
" y - j ¥ L v ' v '
k. L
2 ¥ " s
.
E E 3 E E
4 3  J 1 " '
E - E 2 - - -
' L L ' " 1 i 1
k. L E
- 5 ' u . .
E - L
a = 1 1 i I
E - - 3 E E
w - " 1 1 ] i
2 1 E
. . . '
L 4 & k.
1 i L]
E " - 4
1 L] | ' . i
4 L E
- - 5 3
4 A L L
K N - " 5 -
. E r
1 ] . ] 1 “a&
E E E - E
. - . . - - ’
4 # # + E E
| . 1 | . | 5 | | 5 1 | | 5.8

M Motor



Direction control valve selection

engineering
RE 23 163/09.99 mannesmann
Replaces: 02.99 Rexroth

4/3, 4/2 and 3/2 directional valves
with wet pin DC solenoids,
Type WE 6 ../.S

Nominal size 6

Series 6X

Maximum operating pressure 315 bar
Maximum flow 60 L/min

Standard industrial valve

H5911/98

Rexroth

Type 4WE 6 E6X/SG24N9K4/NV with plug-in connector



Relief valve selection

engineering

l | Imannesmann

RE 25 402/03.98

Replaces: 08.97 Rexroth

Pressure relief valve,
direct operated,

Type DBD

Nominal sizes 6 to 30

Series 1X

Maximum operating pressure 630 bar
Maximum flow 330 L/min

/A 5585/96

' Rexroth
Type DBD...1X/...

H
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Pill Flammability Test

This test detect the aftect of
spreading tlame trom a small
ignition source such as a

dropped match

knowledgebank.materialbank.com



Pill Flammability Test

Method:

Taking 8 samples each sample
subjected to source of ignition such as
electrically heated nut then detect
the diameter of nut ettect which must
be less that 25mm to pass this test

knowledgebank.materialbank.com



Skid Resistance Test

Check skid resistance under =

variable condition such as wet %
: " <

or dry tloor using British :
pendulum device to determine

the coeftticient of friction



Hardness Shore Test

This test used to detect the
hardness of tile using

durometer which have range
from 0-100 SHORE A




Compression Test

This test is done to know the
maximum load applied that
our tile cannot stand against

It



Cost Estimation

UL D™
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Productive
Machine

Productivity= 16tile /operation
] operation take 8 minute

ABS Mold




Hydraulic system cost

Hydraulic cylinder cost

Cylinder (double acting)

Diameter

160mm (less cost)

200mm (more safety)

Cost ($)

382.9

510.5




Hydraulic system cost

Hydraulic equipment cost

Cost (5)

Equipment . . | .
TP Made 1n china (yuken) | Made in Germany (Rexroth)

Hydraulic unit 1062.8 1758.7




Mold cost

Equipment

Fixed cost ($)

Material cost ($)

3-D printing Machine

1500

4380




Frame cost

Equipment

Cost (9)

Frame 2.3*1.81*%1.96m

3829




Total Cost

(7254.7$ - 8078.29).
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