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Abstract - This research investigates the optimization of
extrusion breaker plate design by transitioning from straight
holes to tapered holes. Extrusion processes are vital in various
industries, and the efficiency of these processes heavily relies
on the performance of breaker plates. The objective of this
study is to assess the impact of hole geometry on extrusion
performance. A thorough literature review reveals gaps in
understanding the effects of hole geometry on extrusion
processes, motivating the need for this research. The
methodology involves fabricating breaker plates with tapered
holes and conducting experiments to compare their
performance against plates with traditional straight holes.
Throughput, pressure profiles, melt temperature, and product
quality are among the parameters measured during
experimentation.  The  results demonstrate  notable
improvements in  extrusion performance with the
implementation of tapered holes, including enhanced flow
characteristics and pressure distribution. The discussion
interprets these findings within the context of existing
literature, emphasizing the potential benefits for industrial
applications. This research contributes to the advancement of
extrusion technology by offering insights into optimized
breaker plate design, with implications for improved
efficiency and product quality.
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1.INTRODUCTION

Extrusion processes play a crucial role in a wide range of
industries, including plastics, food processing, and
pharmaceuticals, among others. Central to the efficiency and
quality of these processes is the design of extrusion equipment,
particularly the breaker plate. Breaker plates are essential
components that help control the flow of material through the
extrusion die, ensuring uniformity and consistency in the final
product. One key aspect of breaker plate design is the
configuration of the holes through which the material passes.
This research aims to address this gap by investigating the
impact of transitioning from straight holes to tapered holes in
extrusion breaker plate design. By systematically analyzing the
performance of breaker plates with tapered holes in
comparison to traditional designs, this study seeks to provide
valuable insights into the optimization of extrusion processes.
Through a combination of experimental work and theoretical
analysis, we aim to elucidate the underlying mechanisms
driving the observed effects and explore the potential
implications for industrial applications. The findings of this
research have the potential to inform the design and operation

of extrusion equipment, leading to improvements in efficiency,
product quality, and overall process performance. Furthermore,
by advancing our understanding of breaker plate design, this
study contributes to the broader field of extrusion technology
and lays the foundation for future research endeavors aimed at
further enhancing the capabilities of extrusion processes

2.Methodology

The methodology for extrusion breaker plate design project is
a systematic process that involves the following steps:

1. Define the problem statement and the design
objectives, such as the desired flow rate, pressure
drop, mixing quality, and stress limits of the breaker
plate.

Collect the relevant data and information, such as the
extruder geometry, operating conditions, material
properties, and existing breaker plate design.

Perform a parametric study to explore the effects of
different hole sizes and configurations on the flow
characteristics, stress distribution, and deformation of
the breaker plate.

Use an optimization algorithm to find the optimal
breaker plate design that satisfies the design
objectives and constraints, while maximizing the
number of holes.

Validate the optimized design using numerical
simulations and experimental tests and compare the
results with the existing design and the customer
expectations.

Document the design process and the outcomes and
present the final design to the customer.

This methodology is based on the best practices and case
studies of extrusion breaker plate design, as well as the
methods and tools mentioned in the previous answer. The
methodology can be adapted and modified according to the
specific needs and requirements of each project.

3.Mathematical Formulation

Let Q represent the volumetric flow rate of material
through the extrusion breaker plate. In the case of a breaker

plate with straight holes, the flow rate QS can be expressed
as:

Qs=As-V
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Where:

AS is the total cross-sectional area of all straight holes, s e B i

V is the average velocity of material flow through the ' "
straight holes.

For a breaker plate with tapered holes, the flow rate Qt is -
given by: oo 2 B i o

L
Qt=f At(x).v(x)dx
0

8 ——]

Where: Fig. 1(b): Breaker plate with Straight holes 2D Drawing
At(X) is the cross-sectional area of the tapered hole at
distance X from the inlet, Tapered Holes:
V(X) is the velocity of material flow at distance x,
L is the length of the tapered hole. BREAKER PLATE - TAPER HOLES

The cross-sectional area At(X) of the tapered hole can be
defined by a taper function, such as:

At(x) = A0—k-x

Where:

AQO is the initial cross-sectional area of the hole at the inlet,

K is the taper rate.
By substituting the expression for At(x) into the integral
for Qt, we can derive an equation for the flow rate
through the tapered hole design. This mathematical
formulation allows for quantitative analysis of the flow
characteristics and performance differences between N
breaker plates with straight and tapered holes. y

Fig. 2(a): Breaker plate with tapered holes 3D Design

4.Results and Design:

Comparison of breaker plate designs:

4t st B

SCALE 3

Straight holes vs. tapered holes, showing geometry ~_-l
and dimensions. o

Fig. 2(b): Breaker plate with tapered holes 2D Drawing

Straight Holes: .
8 Material:

BREAKER PLATE - STRAIGHT HOLES .
The Common Materials used for Breaker Plates are.

1. 420 Stainless Steel
2. C-267 Hastelloy
3. Stainless Steel 316
4. ENSB
5. EN24
420 Stainless Steel and C-267 Hastelloy are very expensive
materials which costs small-scale industry. Stainless Steel
316, EN8 and EN24 are commonly used in industries for
Breaker Plate.
Stainless Steel 316 is known for its corrosion resistance,
EN 8 for its medium carbon content and machinability, and
EN 24 for its high strength and toughness properties.

Fig. 1(a): Breaker plate with Straight holes 3D Design
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Table 1: Chemical Composition

Carbon | Silicon | Manganese | Phosphorus | Sulphur | C Nickel lybd Iron
(P) (s)

(© (si) (Mn) (cr) (Ni) (Mo) (Fe)

Material

SS316 p = < 16.0- 10.0-
0.08% 1.00% = 2.00% =0.045% | 0.030% 18.0% 14.0% 2.0-3.0% | Balance
<

0.45% 0.40% 0.60-1.00% < 0.050% 0.050% Balance

1.30- 1.30-

. .10~ <
EN24 0.44% 0.35% | 0.45-0.70% | <0.035% | 0.040% 1.80% 1.80% | 0.20-0.35% | Balance

Chart 1: Chemical Composition

Chemical Composition
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Table 2: Physical and mechanical properties

Tensile Induced | Tensile Strength
SR - Pressure | Temperature
o Material Strength (MPa) 0 Stress at Temperature
) (MPa) (MPa) at 700°C (MPa)
1 55316 480 - 620 35 700 430 350
2 ENS 700 - 850 35 700 300 500
3 EN24 850 - 1000 35 700 176 650

Chart 2: Physical and mechanical properties

Physical and Mechanical Properties
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Induced Stress Tensile Strength at
Mpa Temperature in Mpa at 700
°C

HSS316 MENS MEN24

Displacement and stress Analysis:

Fig. 3: Breaker plate with Straight holes

i
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Fig. 4: Breaker plate with tapered holes

Surface treatment:

For the breaker plate, we aim to achieve a surface hardness
of 50-60 HRC (Rockwell C scale) through case hardening,
with a targeted case depth of approximately 0.5 to 2.0 mm.
This level of hardness ensures enhanced wear resistance and
durability, crucial for withstanding the harsh conditions of the
extrusion process. Achieving this hardness value involves
selecting appropriate case hardening methods such as
carburizing or nitriding, along with precise control of process
parameters such as temperature, time, and carbon potential.
By adding this targeted hardness and depth, we aim to prolong
the service life of the breaker plate and improve its
performance in extrusion applications.

5.CONCLUSIONS

Based on Stress Results: Straight Hole Breaker plate is
showing Higher induced stresses 489.967 MPa that is way
more than UTS of 350 MPa at 700°C.

Conical (Tapered) Hole Breaker Plate is showing lower
induced stresses 176.6 MPa and it has UTS of 650 MPa at
700°C.Based on Above Results Life of the Conical Hole Plate
will be doubled that around 15 to 16 months.

So, the Conical Breaker Plate is the good for our

Manufacturer.

Life testing of this new plate will take 10 months to 1 year so

results are pending till today.

In conclusion, the design of extrusion breaker plates plays a
crucial role in the efficiency and productivity of extrusion
processes. Optimizing the design of breaker plates involves
maximizing the number of holes of different sizes while
maintaining stress and deformation values within allowable
limits. The edge-to-edge thickness between successive holes

is also a critical factor to avoid excessive deformation due to
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stress generation. Structural analysis using software tools like
ANSYS can help evaluate stresses, strain, deformation, and
buckling load, thereby aiding in the design optimization.
Moreover, the use of stiffeners in plated structures can
enhance its buckling and post-buckling characteristics.
Prototyping tests and simulation techniques are also beneficial
in identifying potential issues and implementing
improvements. Overall, a well-designed breaker plate can
increase productivity from the extrusion machine, provide
uniform melting and mixing of the polymer, and potentially
extend the life of the breaker plate. Therefore, continuous
research and development in this area are essential for

advancements in the extrusion industry.

6.REFERENCES

1. A Structural Improvement of Breaker Plates and Analysis
of their Dynamic Properties in Polymer Tube Extruders.

2. Making The Breaker Plate of An Extruder an Efficient
Mixing Device.

3. https://www.theworldmaterial.com/bs970-080m40-en8-

steel/

4. smithmetal.com/pdf/engineering/en8.pdf

5. Single screw extrusion control - University of
Manchester.

https://pure.manchester.ac.uk/ws/files/31781458/Single
Screw_Extrusion_Control.pdf.

6. A Structural Improvement of Breaker Plates and Analysis
of their.... https://www.scientific.net/ AMR.79-82.2211.

7. Breaker Plate Structural Analysis & Optimization | Hi-
Tech FEA. https://www.hitechfea.com/structural-
optimization-of-breaker-plate-for-auto-screening-
machine.html.

8. Modelling and Structural Analysis of Stiffened Plate in
Vertical.... https://link.springer.com/chapter/10.1007/978-
981-15-7827-4_10.

9. Numerical Analysis to Investigate the Effect of

Solidification Parameters on the Pull-In Effect of

Continuous Casting Dr. R S Fegade, RG Tated, RS

Nehete, Applications of Computation in Mechanical

Engineering, 313-325.

Finite Element Analysis of Direct Chill Casting using

Concept of Element Birth and Death,

DGP Dr. R. S. Fegade, R. G. Tated, R. S. Nehete,

International Journal of Recent Technology and

Engineering 8 (4), 2967-2975.

11. Critical Review On Pull-In Of Aluminum In Continuous
Casting, Dr. R. S. Fegade, Dr. R. G. Tated, Dr. R. S.
Nehete, INTERNATIONAL JOURNAL OF
SCIENTIFIC & TECHNOLOGY RESEARCH 8 (11).

12. Improving the Aluminum Rolling Ingot Recovery using
Tgm Technique
RSN Dr. Ritesh S. Fegade, Rajendrakumar G. Tated,
International Journal of Innovative Technology and
Exploring Engineering.

13. REVIEW ON EFFECT OF VELOCITY AND FIN
PITCH ON AUTOMOBILE ENGINE CYLINDER FIN

10.

14.

PPSW Prof. Devendra J. Waghul de, Dr. R.S.Fegade,
Prof. V.A.Rane, INTERNATIONAL JOURNAL OF
RESEARCH AND ANALYTICAL REVIEWS 6 (1),
2348-1269.

DESIGN AND ANALYSIS OF OVERLOAD TORQUE
LIMITER WITH ELECTRO MECHANICAL CLUTCH
RF Sushil Shinde, Amit Patange, Harshad Nil, Vinayak
Thorat, International Journal of Advanced Technology in
Engineering and Science.

© 2024, IJSREM | www.ijsrem.com

| Page 4


http://www.ijsrem.com/
https://www.researchgate.net/publication/240837978_A_Structural_Improvement_of_Breaker_Plates_and_Analysis_of_Their_Dynamic_Properties_in_Polymer_Tube_Extruders
https://www.researchgate.net/publication/240837978_A_Structural_Improvement_of_Breaker_Plates_and_Analysis_of_Their_Dynamic_Properties_in_Polymer_Tube_Extruders
https://www.semanticscholar.org/paper/MAKING-THE-BREAKER-PLATE-OF-AN-EXTRUDER-AN-MIXING-Santanach-Gramann/ae5d855de87e8216a1185a32a5abe4f6e61d21db
https://www.semanticscholar.org/paper/MAKING-THE-BREAKER-PLATE-OF-AN-EXTRUDER-AN-MIXING-Santanach-Gramann/ae5d855de87e8216a1185a32a5abe4f6e61d21db
https://www.theworldmaterial.com/bs970-080m40-en8-steel/
https://www.theworldmaterial.com/bs970-080m40-en8-steel/
smithmetal.com/pdf/engineering/en8.pdf
https://pure.manchester.ac.uk/ws/files/31781458/Single_Screw_Extrusion_Control.pdf.
https://pure.manchester.ac.uk/ws/files/31781458/Single_Screw_Extrusion_Control.pdf.
https://www.scientific.net/AMR.79-82.2211
https://www.hitechfea.com/structural-optimization-of-breaker-plate-for-auto-screening-machine.html.
https://www.hitechfea.com/structural-optimization-of-breaker-plate-for-auto-screening-machine.html.
https://www.hitechfea.com/structural-optimization-of-breaker-plate-for-auto-screening-machine.html.
https://link.springer.com/chapter/10.1007/978-981-15-7827-4_10.
https://link.springer.com/chapter/10.1007/978-981-15-7827-4_10.
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:YsMSGLbcyi4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:YsMSGLbcyi4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:YsMSGLbcyi4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:UeHWp8X0CEIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:UeHWp8X0CEIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:Y0pCki6q_DkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MsQrqfoAAAAJ&sortby=pubdate&citation_for_view=MsQrqfoAAAAJ:Y0pCki6q_DkC

