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Abstract: The paper describes the application of conceptual 
design and design selection method to deliver changes in 
design of existing horizontal spun type molding machine that 
manufactures non homogenous material distribution and low 
strength pipes. Two steps of design are outlined in this paper 
concept generating and decision making in early design phases 
which includes problem exploration, idea generation, concept 
evaluation, and design improvement.One of the concepts was 
selected using scoring techniques and detail design is carried 
out which includes detail drawings and 3D model of machine 
elements. Topology optimization is performed in inner rotating 
core support structure which is considered as a main 
component to perform mixing, compressing and giving final 
shape of product. Study result shows that systematic method 
performed in design phase improved the product concepts, 
resulting in generation of more creative solution. 
Keywords: Sulfur Polymer Concrete (SPC), Concept design, 
Topology optimization. 
 

1.  INTRODUCTION  
 
Sulfur polymer concrete is relatively new material 

used to replace Portland cement for making drain pipes 
currently being manufactured by horizontal spun 
technology which produces non homogenous material 
distribution and low strength pipes [1]. Spun technology 
also produces big noise during operation. Due to 
drawbacks of existing machine there is a necessity to 
design molding machine with improved technology for 
assuring homogenous compaction of material. Therefore 
overall project is intended to design new machine 
incorporated with vibration and rotation functionalities 
which can produce high compressive strength and 
durable pipe. 
 

 
Fig. 1. Conventional machine to be replaced 

 

2.  DESIGN PROCEDURE OF NEW MACHINE 

 

2.1 Design Specification 
Design specification for the new machine was 

obtained from the existing pipe manufacturing company 
in South Korea. From the discussion with company a 

prototype machine will be developed which can 
manufacture the pipe of size shown in Fig. 2. 
 

 
Fig. 2. Dimensions of pipe to be manufactured  

 
Design requirements are the set of terminologies 

which are used to develop the final approach of a system. 
They can be classified into physical, structural, 
functional, cost requirements. Considering those 
classifications, target prototype must fulfill the following 
requirements 

1. Homogenous compaction of material 
2. Can be easily operable  
3. No cosmetic cracking at surface 
4. No leakage  
5. Able to produce product varieties 

Therefore to have a chance of reliable durable 
product to be manufactured, system must be long lasting, 
requiring low maintenance, low cost and designed by 
sequential design process is preferred.  
 

2.2 Design Procedure 

The practical design of molding machine starts with 

collection of necessary parameters, study of design 

specification. In this phase several existing technologies 

and patents are reviewed to omit the patents and getting 

review of technology. Conceptual designs are created and 

realized by means of 3 dimensional CAD model to verify 

the functionalities of generated concepts. Concepts are 

designed in terms of performance, cost and ease of 

manufacturability. Generated conceptual designs are 

visualized to verify the kinematic behavior and 

production steps of SPC pipe. Similarly all of the 

innovative concepts are visualized and evaluated by 

means of evaluation criteria for selection of the best 

design. 
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Fig. 3. Schematic of design process 

 

Detail design was carried out from selected 

conceptual design which includes detail drawings of each 

components and 3D CAD model of machine. After 

making detail design prototype will be built for 

validation in real environment. 

 

2.3 Conceptual Design 

The goal of concept generation is to thoroughly 

explore the space of the product concepts that may 

address the target specification. Concept generation 

includes a mix of external search, creative problem 

solving, and systematic exploration of the various 

solution fragments. The result of this activity is three 

generative concepts, each typically represented by a 

concept model and working mechanism.Five concepts 

are generated via CAD model where each machine 

satisfies the design requirement as shown in Fig. 3 

 

 
Fig. 4. Conceptual design of concrete pipe making machines 

 
Concept 1 shows the concept machine having 

vibration base to give the vibration energy on the fresh 
inserted concrete. Vibration table is equipped with motor 
which is able to change the desired amplitudes, 
frequencies, during change in pipe size. Therefore, it is 
important to keep the mixture constant whatever the sizes 
of pipes are to have a uniform product density. Rotation 
is carried by the electric motors mounted at the top. 
Rotation is to provide more compaction and shaping of 
concrete. Placement of electric motor is at the top where 
the inner die system is movable in up down motion.  

Concept 2: This unique concept is used to make 
circular as well as rectangular pipes. The positioning of 
the pipe is vertical mount system where the vibration is 
given from the base which is alike to the vibration as 
mentioned in concept1. This machine is able to provide 
not only vibration but also rotation. Outer die is fixed in 
the vibration table and inner die is movable which can 
move by means of rotation of shaft coupled with electric 
motor mounted at the top. In the inner die there are slots 
to couple the shaft with inner die so that when the shaft 
rotates the torque is transmitted to the inner die. So the 
product is speculated to perform better than existing 
products till now.  

Concept 3: This model looks similar as concept 1 but 
the difference is inner core is equipped with vibration 
motor inside of it. Inner part consisting of two parts can 
be assembled and disassembled easily in the different 
steps of manufacturing process as shown in figure. 
During the first two steps the inner part generates 
vibration to remove air voids and compaction by 
rotation; whereas in the last two steps vibration is 
stopped and only small inner die portion is rotated for 
giving the smooth surface finish to the inner part.  The 
smooth surface finish is given at last step to ensure no 
permeability from the inner part of sewage pipe. The 
updown motion of inner core is provided by hydraulic 
mechanism whereas the rotation of inner part is provided 
by means of electric motor. 

Concept 4: This system for the concrete pipe making 
machine utilizes a precisely manufactured inner core that 
contains spiral shaped screw to generate pressure in the 
concrete of the inner mold. This setup consists of 
vibration table where preferably arranged electric 
vibrators are mounted at the frame of Tab.  Vibration 
table is designed in the way that different size of pipe can 
be manufactured in the same Tab.  To manufacture 
different sized pipe, only the changeable part is the upper 
plate of vibration Tab.  The outer die and spigot end is 
fixed on the table at the first step then inner part is moved 
to its position and concrete is fed into the inner zone. 
Core starts to move in upward direction by compacting 
concrete. The core part can be adjusted to slide up and 
down from the small clearance hole at the center of Tab.  
The novel benefit of this machine is that it has vibration, 
compaction and centrifugal rotation mechanism by 
means of vibratory table and screw core respectively. 
The uniform distribution of vibration allows the concrete 
consolidation in the optimum manner and distribution of 
particles will be uniform. 

Concept 5: This machine serves to cast pipes of 
concrete in horizontal pattern. Machine includes inner 
mold part and outer mold part. The inner core is 
displaced in horizontal axis after the production of pipe 
and outer die, finished pipe along with spigot end are 
taken to next place for storage. After the solidification of 
concrete, outer cover is taken to another place and 
finished pipe is taken out from die. Manufacturing steps 
of this embodiment is concrete is fed from the upper part 
of the die where there are holes to inject the pressurized 
concrete. Several holes are made to reduce the 
manufacturing time and for uniformity of concrete flow 
throughout the pipe cavity. Tiny air holes are also made 
at the upper part to remove the trapped air inside the 
cavity. 
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2.4 Concept selection 
Best and feasible design is selected from the number 

of conceptual solutions mentioned in Fig. 3. Design 
selection is based with the different design selecting 
methods and customer requirements. Concept scoring 
technique is used to select best model from the generated 
designs. To reflect the result of best selected concept, 
relevant issues are considered and compared with each 
model to satisfy the design requirements. Rating of 1 to 5 
is given according to relative performance by comparing 
with reference model whereas 1 to 9 is used to give 
weights for selection criteria. Each weight is given to 
individual selection criteria and focus on more refined 
comparisons with respect with each criterion determined 
by weighted sum of the ratings given by,    
 

   Sj =  rijwi
n
i=1                                  (1) 

 
Where, n is the number of selection criteria, rij is the 

rating of concept j for ith criterion, and wi is the rating of 
the ith criteria. The overall performances of the 
alternative designs are ranked based on their total score.  
 

 
Fig. 5. Molding machine and its parts representation 

 
The relative strengths and weaknesses of alternative 

concepts can be identified by investigating the concept 
scoring matrix which can be seen in Table 1. The concept 
scoring method can help designers to identify the 
strengths and weaknesses of alternative designs; and by 
combining of the advantages of different designs, a 
designer can achieve an improved design to fulfil 
functional requirements. This technique is efficient, 
because when functional requirements are changed, only 
the weighting information needs to be adjusted to reflect 
the change; and, most of the scoring information can still 
be used. [2]  

In the Tab. 1, concept 4 gets the highest score 
comparing with the all model so it is implemented 
further. After the selection of best conceptual design, 
detail design for the selected model is carried out (Fig. 
3). At this point, the whole system is reanalyzed with 
kinematic behavior for the realization of product concept 
to practice into reality.  

Drive system of motor and linkages are fixed. Size of 
system is fixed to make the prototype pipe. Detail design 
includes 3D model of whole structure which can be able 
to manufacture pipe. 
 

3. TOPOLOGY OPTIMIZATION  
 

Topology optimization is carried out to remove 
material from the moving parts of developed molding 
machine for reducing energy consumption during 
operational time [3]. Inner rotating core as a main 
moving part is selected for the optimization because it 
has to perform the dynamic action during the 
manufacturing process and being main consumer of 
power due to its heavy weight. Material of outer part 
cannot be removed due to necessary action for 
manufacturing therefore topology optimization of inner 
structure is done to remove unnecessary mass. 
Optimization process used in current research is followed 
by several design steps firstly by making design domain 
of CAD model in CATIA. Next, Hypermesh was used to 
import model for finite element modeling where loads 
and constraints are applied. Furthermore, Hyperview and 
Hypergraph were used to display and plot the data for 
results interpretation. 

Results of optimization runs performed with 
individual loads applied separately help to identify 
preferred load path with respect to the type of load 
applied.[4] Finite element analysis is used in first stage 
before performing optimization for analyzying the 
initially generated design.  

Optimization is performed by taking design space of 
rib from the traditional model. Optimization problem is 
expressed as Minimize f (Volume), Subject to stress ≤ 
2.5e8 N/m2, Displacement ≤0.0357mm.  

 

 
Fig. 6. Topology optimization procedure 

 
Tab. 1. Concept scoring matrix 
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Finite element analysis is done to find out the stress 
and displacement by performing analysis on existing 
model [5]. Stress and displacement used in optimization 
problem are taken from the analysis of initial model and 
are applied as constraints for optimization problem. The 
rib design space is created and has been meshed with 
solid tetrahedral elements. Upper part which is in 
connection with shaft has been restrained and the load 
has been applied at the side areas which are in contact 
with the cylinder. 

After the optimization has processed, model is 
adjusted for a series of steps until the convergence is 
reached. The resulting geometry proposal obtained from 
optimization process can be seen in Fig.  6. The graph 
shows the convergence value in each level of iterations to 
determine the maximum allowable limit of volume 
contained in the material under boundary conditions. 
When the value tries to become stable for several 
iterations then the convergence criteria is considered as 
fulfilled and the target is accomplished. The pattern of rib 
is completely different than the proposed design at the 
first phase. The convergence graph shows below the 
objective function as minimizing volume. In 31 iterations 
the volume is converged from the single design domain 
to feasible geometry in design space. Main objective is 
focused to minimize the geometry by considering stress 
and displacement as a constraint.  By applying the entire 
prerequisites information convergence graph is obtained 
as follows 
 

 
Fig. 7. Result of topology optimization 

Although the topology results appear reasonable, the 
design is not ready to hand over to the machine shop for 
fabrication. The results of the topology studies are 
merely rough geometric proposals, and some 
interpretation is required to create the final design. 
OptiStruct has the ability to export the topology results as 
an IGES file using an export feature so that the geometry 
can be opened and traced over in a CAD environment. 
For the interpretation of the ribs of inner die, the 
optimized shape was created using CATIAV5. To 
capture the shape of the proposed design, sketch was 
done over the generated rough model for creation of the 
CAD model, and the interpretation can be seen in Fig. 7. 
 

  
Fig. 8. CAD topology with weight comparison 

The design retains the features proposed by 
OptiStruct to get better and efficient performance within 
the minimization of weight. The obtained design was 
rotated in circular pattern in six places to support the 
outer structure as same orientation with traditional 
design. The generated model after the optimization was 
found to be 9.5 percent lesser in weight than initial 
design. Displacement analysis is also done to check the 
performance of structure. Initial displacement result is 
0.035 mm during the full loading condition in whole 
structure whereas final displacement result is 0.034 mm. 
The slight reduction in displacement verifies that 
although significant weight is reduced by topology 
optimization; displacement can also be minimized by 
proper distribution of material in given design space. 
 
4.  CONCLUSION 

 
Main focus was concered with developing 

mechanical model of SPC pipe molding machine and its 
mechanisms with good functionality. This research 
proposed a new concept of inner die of molding machine 
capable of performing conveying, mixing, compacting 
and surface finishing during production of concrete 
pipes. Due to the new design concept and by following 
proper design process, the proposed design can be a 
milestone to satisfy the requirement of the pipe 
manufacturing companies. Optimization process 
presented in this study has shown that use of optimized 
ribs could be more advantageous in terms of energy 
consumption in manufacturing process and rigidity of the 
die structure. The mass reduction in optimized model is 
compared with traditional geometry and is found to be 
9.5% lesser. Future works will be considered on size 
optimization of generated rib. Although there is a 
widespread use of different type of optimizations 
however this type of research work contribute towards 
providing structural optimization strategies that are 
valuable for design process of machine components. 
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