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Abstract - Significant advances have been made in 
various fields including advances in additive manufacturing 
and fabrication of complex geometries using semisolid 
materials. This paper presents a detailed review of the 
design and fabrication of an end-effector system specifically 
for semi-solid material-based additive manufacturing is 
provided. The focus of this study is to develop an efficient 
hopper system for semi-solid and controlled material 
distribution in addition to incorporating an auger shaft into 
the system to facilitate mixing and control of material flow 
through the nozzle. To validate the performance of the 
proposed system, experimental measurements were carried 
out to determine the maximum flow rates under operating 
conditions, theoretical calculations were also used to 
analyze the flow behavior and predict how the large flow is 
expected. Experimental and theoretical results were then 
compared to verify the accuracy and reliability of the 
system. The findings of this study demonstrate the successful 
design and operation of an end effector system capable of 
efficiently handling semisolids for additive manufacturing 
applications. Experimental and theoretical validation 
demonstrates the system's ability to achieve a constant mass 
flow rate, precise control, and reliable fabrication. New 
avenues have been opened for raw materials. 
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1. INTRODUCTION 

The field of additive manufacturing has witnessed an 
extremely good increase in current years, revolutionizing 
conventional production methods by allowing the 
fabrication of complicated geometries with greater 
performance and accuracy. In particular, the usage of 
semi-solid materials in additive manufacturing has gained 
enormous interest due to its potential to supply 
components with improved mechanical intricacies. 
However, achieving precise control over the shelling out 
and going with the flow of such substances poses precise 
challenges that necessitate the improvement of specialized 
end effector structures. 

This studies task makes a specialty of the design, 
fabrication, meeting, and testing of an end-effector 

mechanism specially tailor-made for semi-solid material-
based additive manufacturing. The key goal is to increase a 
system capable of efficiently handling the meting out and 
float of the semi-solid material at the same time as 
ensuring constant and managed deposition via the nozzle. 

1.1 Design and Modeling 

The preliminary section of the mission involved the 
design of a hopper-style layout for the end effector. The 
hopper layout turned into important as it determines the 
slope and length of the hopper, which in flip impacts the 
material waft traits. With the entire period of the entire 
system constant at 425 mm length and the diameter of the 
nozzle set at 25 mm, the layout considerations have been 
based on optimizing the hopper's dimensions to gain the 
desired overall performance. 

The subsequent step was designing the auger shaft, 
which plays a vital position in blending and regulating the 
flow of the semi-strong material through the nozzle. The 
diameter and length of the hopper system determined the 
calculated pitch of the auger shaft, making sure of efficient 
sediment blending and controlled flow. 

To facilitate the design method, Autodesk Fusion 360, a 
complete computer-aided design (CAD) software, become 
applied to model the entire assembly. This 3-D version 
served as a virtual representation of the end effector 
mechanism, allowing thorough visualization and analysis 
of its additives earlier than the producing level. 

1.2 Manufacturing and Testing 

The fabrication technique uses 3D printing techniques 
to convert the virtual design into a physical prototype. 
This method provided the benefit of speedy and effective 
manufacturing, allowing for iterations and changes based 
totally on the analytical consequences. 

Subsequently, the prototype was subjected to rigorous 
experimental testing to evaluate its overall performance. 
The experimental statistics were compared with 
theoretical values obtained through calculations, allowing 
the validation of the end effector system. This validation 
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manner helped verify the system's capability to attain the 
favored mass flow quotes and established its reliability 
within the semi-solid material-based additive 
manufacturing technique. 

The outcomes of this study undertaking keep massive 
implications for the additive manufacturing enterprise, 
especially within the domain of semi-solid material 
processing. The development of a specialized end effector 
system capable of exactly controlling the allotting and 
glide of semi-solid materials opens up new possibilities for 
fabricating intricate additives with improved mechanical 
accuracies. By providing a comprehensive exploration of 
the layout, fabrication, and validation system, this study 
contributes to advancing contemporary additive 
manufacturing techniques for semi-stable substances. 

2. COMPONENTS 

2.1 Hopper 

The hopper serves as the field for the semi-solid 
material used within the additive manufacturing manner. 
It has a funnel-fashioned design and is fabricated from 
Carbon Steel to face up to the material's homes. The 
hopper permits controlled and constant dishing out of the 
material, making sure of a constant glide for layer-by-
means-of 3D printing. Its layout, together with the slope 
and length, is essential in optimizing the design with the 
flow characteristics. 

2.2 Auger Shaft 

The auger shaft performs an essential task ultimately in 
the end effector system because it allows the integration 
and law of the semi-solid material. It is housed in the 
hopper and driven by using a wiper motor. As the shaft 
rotates, it mixes the material thoroughly, making sure of a 
homogenous composition. Additionally, the auger shaft 
regulates the mass drift flow of the material through the 
nozzle, contributing to unique manipulation during the 
printing manner. 

2.3 Wiper Motor 

While no longer explicitly cited inside the preliminary 
undertaking description, the wiper motor is a vital 
element in the end effector system for semi-solid material-
based additive manufacturing. It is answerable for 
controlling the motion of the auger shaft, which helps 
maintain the cleanliness of the nozzle orifice. The wiper 
motor guarantees that the nozzle remains unobstructed, 
preventing any ability disruption within the material waft 
and making sure of steady printing. 

 

 

2.4 Nozzle  

The nozzle is an essential part of the 3D printing 
procedure, chargeable for depositing the semi-solid 
material onto the printing floor in a desired shape. It is 
designed with a particular diameter (25 mm in this 
assignment) to regulate the go-with-the-flow and attain 
the desired layer thickness. The nozzle's role is to 
precisely manage the deposition of the material, making 
sure of accurate and controlled fabrication of the desired 
geometries. 

2.5 End Cap 

The end cap serves as the closure for the hopper, 
preventing the material from overflowing out of the 
system. It is designed to securely seal the hopper to 
preserve managed surroundings for the material. By 
preventing material  spillage or leakage, the end cap 
guarantees the integrity of the additive manufacturing 
system and avoids any disruptions that could affect the 
quality of the material additives. 

Overall, everything in the end-effector system has a 
particular characteristic related to dealing with, 
manipulating, and deposition of the semi-solid material. 
Together, they work in tandem to enable the proper and 
controlled additive manufacturing of intricate geometries, 
contributing to the achievement of the project. 

 

Fig -1: Assembly of the End-Effector System 

3. WORKING 

i. Material Addition and Inlet: The system begins by way 
of adding the semi-solid material into the hopper volume. 
This can be carried out thru an inlet pipe, making an 
allowance for guide loading or pumped input. The hopper 
serves as the container for the material, ensuring a 
managed and steady delivery for the additive 
manufacturing method. The material is introduced into the 
hopper, wherein it is stored and organized for the next 
processing. 

ii. Mixing Action: Once the material  is inside the hopper, 
the auger shaft comes into play. The auger shaft is 
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designed to rotate, offering a mixing action to the semi-
solid material. This blending movement is vital to preserve 
the material’s favored consistency and prevent it from 
sticking to the hopper's internal surfaces. The rotational 
movement of the auger shaft guarantees thorough 
blending, ensuring a homogenous composition of the 
material inside the hopper. 

iii. Auger Shaft Speed and Mass Flow Rate: The velocity 
of the auger shaft plays a massive position in regulating 
the mass flow rate of the material via the nozzle. By 
adjusting the rotational velocity of the auger shaft, the 
system can manipulate the flow at which the material is 
dispensed through the nozzle. Higher speeds commonly 
result in improved waft costs, even as slower speeds can 
lessen the flow rate. This capability lets in for particular 
control over the material deposition at some point of the 
additive manufacturing manner, allowing the advent of 
tricky geometries with accuracy. 

iv. Computer Control and Shape Creation: The end 
effector system is generally PC-controlled, providing a 
high degree of precision and versatility in shaping 
systems. The PC interface permits the regulation of the 
rated rate of the end effector, which determines the rate at 
which the material is allotted. Additionally, the velocity of 
the auger shaft can be adjusted to in addition refine the 
management of the material  flow. By manipulating these 
parameters within the X, Y, and Z axes, the system can 
create pathways with the favored shapes and dimensions, 
layer by layer. 

In summary, the end effector system operates by using 
introducing the semi-stable material into the hopper, 
which undergoes blending via the rotation of the auger 
shaft. The velocity of the auger shaft regulates the mass 
flow rate of the material through the nozzle, even as PC 
management allows for the particular shaping of objects in 
three dimensions. This coordinated functioning of the 
system enables controlled and accurate additive 
manufacturing of components using semi-solid materials. 

4. DESIGN OF HOPPER 

The design of the hopper for the end effector system began 
with figuring out three key angles: the effective angle of 
internal friction (Θe), wall friction attitude (Θx), and 
conical hopper perspective (�c), primarily based at the 
Mass Flow Diagram for conical hoppers via Schulze 
(2007). 

 

 

Chart -1: Mass Flow Chart for Conical Hopper (Schulze 
2007) 

The effective attitude of internal friction (Θe) represents 
the slope or shear electricity of the material. For concrete, 
the literature survey yielded a steady cost of 30° for this 
attitude [2]. The wall friction perspective (Θx) refers to the 
angle at which the material slides against a particular wall 
surface end. The literature indicated a constant value of 
19° for the wall friction angle among concrete and metal 
interfaces [4]. Based on the Mass Flow Diagram, the 
conical hopper attitude (�c) became determined to be 30°, 
representing the angle between the vertical route and the 
tilted exit wall. 

 

Fig -2: Determination of Hopper Angle 

Other variables along with the full period, extruder 
diameter, and internal diameter above and beneath the 
hopper cross-sections have been additionally calculated. 
The general duration became supplied by means of the 
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organization as a requirement and set to 450 mm, whilst 
the extruder diameter turned into fixed at 25 mm. 

An empirical relation between the height of the hopper 
and the overall length of the frame become determined 
throughout the research segment. It became discovered 
that the peak of the hopper (h) is the same as one-fourth 
of the whole length of the body. Applying this relation, the 
peak of the hopper changed into calculated as h = 450/4 = 
112.5 mm. It become also decided that the height of the 
hopper (h) is identical to the period of the body 
underneath the hopper cross-segment. 

Considering the inner diameter of the nozzle as 25 mm 
and providing a 2 mm clearance, the internal diameter of 
the auger shaft was selected as 35 mm. This sizing of the 
auger shaft changed primarily based on the necessities of 
the nozzle's dimensions. 

Based on these layout calculations and dimensions, the 
hopper turned into modeled using Autodesk Fusion 360, 
which allowed for the visualization and analysis of the 
hopper's geometry. 

 

Fig -3: CAD Model of the End-Effector System 

By considering the required angles, dimensions, and 
empirical family members, the hopper layout turned into 
correctly formulated, permitting the following ranges of 
fabrication and checking out for the cease effector device. 

5. DESIGN OF AUGER SHAFT 

The layout of the auger shaft for the end effector system 
consists of figuring out the diameter and pitch. In this 
project, the auger shaft diameter changed into decided to 
35mm based on the nozzle's internal diameter and a 2mm 
clearance. 

To calculate the pitch of the auger shaft, an empirical 
relation become used. In this case, the pitch was decided 
to be identical to the diameter of the shaft [4]. This implies 
that the gap between adjacent threads of the auger shaft is 
the same as the diameter itself. 

 

The pitch of an auger shaft refers to the distance between 
corresponding factors on adjacent threads. It is a critical 
parameter as it determines the rate at which the material  
is transported along the shaft. By having the pitch identical 
to the diameter, the layout ensures that the material is 
successfully blended and regulated as it moves via the 
auger shaft. 

 

Fig -4: Pitch and Diameter Relation 

Having a steady pitch and diameter simplifies the layout 
and fabrication method for the auger shaft, because it 
eliminates the need for complicated calculations or 
customizations. It additionally lets in for easier 
manufacturing and assembly of the cease effector device. 

 

Fig -5: CAD Model of the Auger Shaft 

By figuring out the diameter as 35mm and setting the 
pitch equal to the diameter, the design of the auger shaft 
guarantees efficient mixing and managed mass waft rate of 
the semi-stable material  at some stage in the additive 
manufacturing method. 

6. MANUFACTURING 

For the manufacturing of the end effector device, the 
decision was made to make use of 3-D printing technology 
for prototyping purposes. PLA (Polylactic Acid) turned 
into selected because of the material  for 3-D printing. PLA 
is a famous thermoplastic polymer known for its 
biodegradability, low toxicity, and ease of use in 3D 
printing packages. It is derived from renewable sources, 
which include cornstarch or sugarcane, making it an 
environmentally friendly preference. 

Due to the height of the model being near half a meter, it 
turned vital to diminish the design to make certain it could 
match the obstacles of the three-D printing workspace. A 
scaling aspect of 25% became carried out to the version, 
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reducing its usual dimensions while keeping the design 
proportions. 

The use of 3-D printing allowed for the introduction of a 
bodily prototype with complex information and precise 
geometries. The layered additive manufacturing process of 
3-D printing enabled the fabrication of complex shapes 
and internal structures that would be hard to obtain with 
the use of conventional production techniques. 

The general printing time for the scaled-down model 
became approximately 1 day, 2 hours, and 17 minutes. 
This duration represents the cumulative time required for 
printing all of the layers of the model, deliberating the 
layer peak and printing pace settings. During the printing 
procedure, the 3D printer systematically deposited and 
fused PLA filament layer via layer till the entire model 
turned into form. 

By employing 3-D printing technology and deciding on 
PLA as the printing material, the production process for 
the end effector system changed into green, rate-effective, 
and allowed for fast new release and refinement of the 
layout. The resulting prototype supplied a tangible 
representation of the system, facilitating further checking 
out and validation of its capability and overall 
performance. 

 

Fig -6: 3D Printed Parts of the End-Effector 

6. EXPERIMENTAL AND THEORETICAL ANALYSIS 

To compare the functionality and overall performance of 
the end effector device prototype, experimentation 
become carried out with the usage of dry fine sand as an 
alternative material. This become necessitated by the 

delicate nature of the scaled-down 3D published auger 
shaft, which could not resist the trials of managing actual 
concrete material. Additionally, the hopper frame, being 
made of PLA, changed into no longer appropriate for 
holding dense, wet concrete. The experimental manner 
worried filling the hopper with dry first-class sand and 
rotating the auger shaft as soon as, similar to one entire 
revolution. This rotation became intended to simulate the 
combination and meting out the process of the semi-solid 
material. The experiment repeated for 5 instances, 
ensuring sufficient factors for analysis and lowering the 
effect of any capacity inconsistencies. 

 

Fig -7: Experimental Testing Values of Mass Displaced 
 

After every check, the weight of the disbursed sand 
material  become cautiously measured and recorded. This 
allowed for the quantification of the mass glide price 
achieved by the end effector system at some stage in each 
rotation of the auger shaft. 
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To decide the average mass flow charge, the recorded 
weights from the five tests have been summed and divided 
via the number of assessments conducted. This common 
practice represented the experimental mass flow rate 
performed by the system. 

By evaluating the experimental mass flow with the flow 
rate with the corresponding theoretical values, the 
performance of the end effector system may be verified 
and assessed. The theoretical values had been received 
through calculations primarily based on the layout 
parameters, consisting of the dimensions of the hopper, 
auger shaft, and nozzle, as well as the rotational pace and 
pitch of the auger shaft. 

The comparison of the experimental and theoretical mass 
go with the flow prices allowed for an evaluation of the 
system's efficiency and the accuracy of the layout 
calculations. Any discrepancies among the experimental 
and theoretical values ought to provide insights into 
potential regions of improvement or optimization for the 
end effector system. 

Overall, the experimentation phase provided valuable 
statistics on the shelling out of the overall performance of 
the end effector system using dry high-quality sand 
instead material. The outcomes received through this 
checking-out manner contributed to the validation and 
verification of the system's capability and the evaluation of 
its suitability for semi-stable fabric-based totally additive 
manufacturing applications. 

7. RESULTS 

The experimental and theoretical calculations for the mass 
flow rate of the end effector system were conducted, and 
the obtained values were compared. The experimental 
mass flow rate was found to be approximately 46.6 
grams/sec (at 60 RPM), while the corresponding 
theoretical value was calculated to be around 43.8 
grams/sec (at 60 RPM). The small difference between the 
experimental and theoretical values indicates a high level 
of accuracy and reliability in the design and fabrication of 
the end effector system for semi-solid material-based 
additive manufacturing. 

8. CONCLUSION 

In this paper, we offered the layout, fabrication, and 
experimental validation of an end effector system for 
semi-solid material-based additive manufacturing. The 
system comprised a hopper for material  storage and a 
mainly designed auger shaft to combine and modify the go 
with the flow of the material  through the nozzle. The 
layout parameters for the hopper, which include the 
effective angle of inner friction, wall friction angle, and 
conical hopper perspective, were decided based totally on 
empirical members of the family and literature survey. 

The auger shaft became designed with a diameter of 
35mm and a pitch equal to the diameter, ensuring efficient 
blending and managed mass go with the flow rate. 

Through the usage of 3-D printing technology, we 
efficiently fabricated a scaled-down prototype of the end 
effector system using PLA material. While the delicate 
nature of the auger shaft limited trying out with real 
concrete material, we carried out experiments with the 
usage of dry satisfactory sand rather. The experimental 
mass float rate turned into determined to be in near 
agreement with the corresponding theoretical rate, 
demonstrating the correct design and functioning of the 
cease effector system. 

These outcomes imply a hit cognizance of an effective end 
effector device for semi-stable material-based additive 
manufacturing. The design and fabrication process, 
coupled with experimental validation, have confirmed the 
feasibility and reliability of the proposed system. The 
findings of this observation make a contribution to the 
advancement of additive manufacturing technologies for 
the fabrication of complex geometries using semi-stable 
substances. 

In future paintings, in addition, optimizations and 
upgrades can be explored to improve the system's overall 
performance, including investigating alternative 
substances for the hopper and auger shaft to enable trying 
out with real concrete. Additionally, the system could be 
integrated into an entire additive manufacturing setup to 
explore its capabilities in fabricating elaborate structures 
and useful additives. 

Overall, this research assignment has supplied precious 
insights into the design and fabrication of a cease effector 
system for semi-stable fabric-primarily based additive 
manufacturing, showcasing its capacity for numerous 
packages within the discipline of advanced production. 
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