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Problem



10%
Egypt creates

20 million
waste tires

annually barely 10 percent
of those are

recycled
According to Wamda



Waste tire 
Hazards

-Oil Leakage 

-Fire



Solutions



Solutions

Used as a furnace fuel due to
its high calorfic value

Cement Furnace Fuel1

Molding rubber powder for
production of rubber tiles

Rubber Tile
Producion2



Rubber Tile
Benefits 



Sound and shock
absorbent
Nonconductive
Comfort
Bacteria-resistant
Slip-resistant
Resilient in high-
impact areas

Chang, L.T. et al., 2004
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Critical
Parameters

Pressure

Percentage of

components

Temperature



Rubber tile Components

Black rubber powder

Colorful pigment (Iron oxide)

Poly urethane (PU) Glue
Strøbech, C., 1990



Relation between
percentage of

rubber to PU glue
and young’s modulus

Percentage of components

60% rubber, 40% glue is perfect
percentage according to youngs

modulus

Strakšys, A., et al., 2018 



Relation between
percentage of rubber

to PU glue and
compressive strength

Percentage of components

65% rubber, 35% glue is perfect
percentage according to

Compressive strength

Strakšys, A., et al., 2018 



Relation between
temperature and

compressive strength

Temperature

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

strength decreases

Strakšys, A., et al., 2018 



Relation between
pressure, Density and
thickness reduction 

PressurePressure

As pressure increase, Density
increase and thickness decrease

Lucignano, C., et al., 2012



Relation between
pressure and

tensile strength 
LIFESTYLE

BY SAWYER

Pressure

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

Lucignano, C., et al., 2012



Relation between
pressure and

Hardness
LIFESTYLE

BY SAWYER

Pressure

As Pressure increase, Hardness
increase 

Lucignano, C., et al., 2012



Summary

The Suitable pressure for
molding tire is 3.5 Mpa

      F = PA = 10.8 ton

The Suitable molding
temperature is 75 c

The Suitable
percentage of rubber
is 60-65%

The Suitable
percentage of glue
is 35-40%



Communication
with chinese
companies



According to
jucaimachine co.

The percentage of
PU glue : rubber  

is 
1:6 (17% : 83%)

It means one ton powder
need about 170 kg

Percentage of components



Datasheet of 25 ton
machine from (JINGYUAN

Group CO.,Limited)

Pressure



From data sheet we
obtained unit Area

pressure=20.41
kg/square cm

F = fs * A = 20.41 * 20 * 16.5 * 10
=  67353 N = 6.7 ton

Pressure



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 
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Mold



1st Practical test

60% rubber- 40% glue



2nd Practical test

83% rubber - 17% glue 



Conclusion
From tests

Molding Force is 8 ton

 Molding temperature
is 75 c

Percentage of rubber
to glue 6:1 (83% : 17%)
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Mold Manufacturing

Steel block Sheet metal



Mold
Development

 We have used the
 3D printing technology 

Mold Development



Mold Material

Manufacturing, S.D., 2016. 



Mold infill types

Triangular infill Rectangular infill Hexagonal infill

markforged.com



Mold infill percentage



30% infill test



30% infill test



50% infill test



Final Mold
Design



Mold
Manufacturing



Final Mold
ABS Material

Triangular infill
60% infill



Final Mold
ST-37 Material
20mm Thickness

Laser cutting
3 heaters
400 Watt



Machine Design



Design methodology

1. Components Constrains
2. FEA 
3. Empirical equations 
4. Recommendations  & Previous work



Machine Versions

Version 3Version 2Version1

High cost
more options

low cost
skill dependent

High cost
 reliable design





Final
Design



Stress
Analysis



Maximum stress
acting on machine is

129.76 Mpa 



Maximum Strain is
4.533e-04



Factor of safety is
2.5



Hydraulic Design



Hydraulic
Circuit
Design





Rexroth



Rexroth



M Motor



Rexroth



Rexroth



Tiles Tests 



This test detect the affect of
spreading flame from a small

ignition source such as a
dropped match

Pill Flammability Test

knowledgebank.materialbank.com



Method: 
Taking 8 samples each sample

subjected to source of ignition such as
electrically heated nut then detect

the diameter of nut effect which must
be less that 25mm to pass this test 

   Pill Flammability Test

knowledgebank.materialbank.com



Check skid resistance under
variable condition such as wet

or dry floor using British
pendulum device to determine

the coefficient of friction 

 Skid Resistance Test



This test used to detect the
hardness of tile using

durometer which have range
from 0-100 SHORE A

 Hardness Shore Test 



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

it 

Compression Test



Cost Estimation 



 
Productivity= 16tile/operation

 1 operation take 8 minute

ABS Mold

Productive
Machine 



Hydraulic system cost

Hydraulic cylinder cost



Hydraulic system cost

Hydraulic equipment cost



Mold cost



Frame cost



 (7254.7$ - 8078.2$).

Total Cost
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