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Abstract 
The design structure matrix is very well known for its capability in design, understanding, and optimizing product or process 

architectures. It is an approach that focuses on each element of a very complex system and presents their interactions. In this regard, 
the present work employs a design structure matrix to improve productivity and maintain the high quality of the pure copper circuit 
breaker. The manufacturing of high-quality products in the casting industry especially in recent days is complex and challenging as it 
involves numerous tasks. To analyze how the system works, all the design and process parameters are listed and used as input for the 
product development. The pure copper circuit breaker analysis shows that the process parameters like molten metal temperature, 
castings per hour, and melting heating rate were the main controlling elements. With the adoption of the right procedure and technique 
with the help of DSM, the engineers can make the right decision to improve the production without compromising the quality. 
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1.0 Introduction 

Currently used project management techniques like project evaluation and review technique and critical path method have 
been found to be useful when the projects are smaller and the number of systems involved is less. The larger the project the diagrams 
obtained from these techniques become quite complicated and look incomprehensible. Take an example of an automotive vehicle, it 
consists of thousands of small sizes, medium-size and large-size components. Almost all companies strive to have a major market 
share by introducing the latest and advanced products into the market. The advanced products with good quality and economical are to 
cater to the changing demands by the consumers. However, the main point is getting the developed product to the market as early as 
possible or in simple words short lead time. This is very important because a decade back many North American automotive 
companies suffered and received a lot of criticism for poor lead time. The design freeze time presents companies go from freezing a 
design, going into production and launching the product. Most American automotive companies had a design freeze time of ~40 
months. On the other hand, the Asian automotive companies had a small design freeze time to market due to which they gained a large 
market share compared to their North American counterparts. However, as of day lot of improvements have been carried out and a 
result of this was the minimization of design freeze time to ~25 months from ~40 months [1,2]. A set of activities in which a 
manufacturing industry comes up with a new idea of a new product performs design and simulations, develops it using appropriate 
techniques and commercializes the developed product is known as product development. Product development of even a single 
component is not an easy job and requires the collaboration of many departments and engineers. For this job, the product is divided 
into different systems and then various teams of engineers are formed to work on each system or subsystems. Coordination and 
interaction between each team are very important for the proper flow of information. However, if any one of the team falters in their 
task, then it can have serious consequences on other teams leading to complete failure. One can see that most of the companies have 
been struggling with many issues related to product development and conventional project management techniques won't serve the 
purpose as they don't show any relationships between the tasks. 

 
Keeping the concerns related to automotive or any industry the latest representation and analysis tool like design structure 

matrix (DSM) has been employed for obtaining relationships between the tasks or components of a system. Comprising of an equal 
number of rows and columns the elements in DSM are represented as shaded elements in the design matrix. Based on the elements the 
DSM can be classified into, people-based DSM, component-based DSM, activity-based DSM and parameter-based DSM. Using these 
tools one can obtain an optimal way for revamping the complex tasks, find out issues in the process and finally provide solutions to 
overcome the issues [3]. Boudouh and Bendada [4] provided a review of the design structure matrix employed for the product 
development process. A brief description of different types of DSM models and DSM analysis involving partitioning or sequencing 
was provided. A complete description of how DSM is used for product development optimization was presented. Hao et al [5] 
provided a brief overview of the design structure matrix to study the product development process. The article started with a brief 
introduction to DSM and continued with a section on building DSM. Further one example was discussed on how an optimal sequence 
of design activities could be obtained using DSM. Overall, the work was presented to optimize the product development process so 
that the cost and time involved are reduced. Tuholski and Tommelein [6] presented a case study on the utilization of DSM software 
for seismic retrofit. The objective of their work was to minimize the cost, should have minimal impact on the occupants of the 
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building and minimal impacts on plumbing and electrical systems. The DSM helped identify the interaction between system and sub-
system levels, which helped identify and remove useless activities. Overall, all these works have highlighted the importance of the 
DSM process in various fields to optimize the product development process, which in turn helped reduce the lead time and cost of the 
product. Keeping this overview in mind this work is focused on the application of the DSM process in the optimization of the pure 
copper circuit breaker product development process. To carry out all the work, commercial software Project DSM 2.0 was utilized and 
the results obtained were discussed. An effort has been made to construct 3D maintenance data in order to escape the complexity of 
consulting manuals any time a problem occurs, thus reducing needless exhaustion, and to build a structure by combining PLM and 
ERP modules to simplify processes and systems. [7,8].  In an FMCG business, GA and ant colony algorithm have been successfully 
used to work with data linked to excess loads. [9, 10].  
 
2.0 Motivation for research 

This work was taken after detailed research and practices adopted in the product development process of various components 
in a leading non-ferrous foundry in India. This company particularly deals with non-ferrous metals like copper and its alloy for various 
engineering applications. The product development process is a non-stop process here and continuous introduction of new components 
is being carried out. It was observed that the company followed traditional project management techniques like project evaluation and 
review technique and critical path method. To fresh perspective and improve the process by decreasing lead time and cost the present 
work was prompted to study how DSM can help here. There are several reports which utilized DSM for the product development 
process with some case studies [11,12]. These works showed that DSM helped in restructuring the process and minimized the 
feedback, eventually leading to improved system understanding. This product development process of pure copper circuit breaker was 
opted, and the commercial software Project DSM 2.0 was used to study the interactions and dependencies of different systems [13]. 
Shashi Kumar M. E. and R. Venkatram presented a case study where the application of DSM was adopted for analyzing the functional 
elements for a brake assembly system for superior performance [14]. To be specific, this is activity-based DSM, which means the 
activity networks are developed based on the activities and how the information flows and their dependencies. Further, the DSM is 
capable of providing the information in a visual and compact format. This will not only help in the fast development of components in 
minimal time but also help engineers of different departments resolve the conflicts.   

 
3.0 Case study of circuit breaker 

The general product development process of an automotive component starts with planning, studying the availability of 
resources, design, simulation, fabrication of the component, inspection and approval for a pilot for production. However, as far as this 
study concerns the last point related to pilot production is omitted, the primary requirement is how fast the engineers can develop the 
component in the short lead time. The research work is carried out according to the steps mentioned below, 
 
Step 1: Selection of component (or system) and scope  

As mentioned, in this step pure copper circuit breaker is selected as a component for the DSM study. This is a new product as 
it was still in the development process and prototype samples had to be sent for customer approval. So it was the right time to start 
with DSM studies and provide a fresh perspective on this component.  
 
Step 2: Making the list of activities associated with the system.  

In this step, the activities concerned with the system are selected and listed based on the many elaborated discussions with the 
engineers associated with it. Along with these different documents pertaining to the product development process in this non-ferrous 
foundry were reviewed carefully. Table 1 shows the list of activities that have to be accomplished in this product development 
process. All the activities are drawn based on the current practices employed for different component product development processes 
in the non-ferrous foundry. Specifically, in the case of foundry products, the activities start with die drawing preparation/die design as 
it is one of the tasks using which fabrication of copper components is done later. The drawing preparation is followed by simulation of 
the die model using commercially available simulation and optimization software. The simulation result provides information on 
whether the die designed is optimal enough to develop good casting. Poor die design can lead to defects like shrinkage porosity and 
uneven metal filling in the cast pure copper circuit breaker. Followed by die drawing preparation and simulation the next step is to 
fabricate the casting using the appropriate tool steel material. Overall, 24 activities pertaining to the circuit breaker product 
development process are listed in Table 1. All these activities are restricted to only product development-related components and 
regular products that do not follow the same set of activities as mentioned in Table 1. This is followed by the addition of all these 
activities into commercially available DSM software ProjectDSM 2.0 as shown in Fig. 1 & 2. All the activities required for the 
development of circuit breakers as mentioned in Table 1 are included in the DSM software.  
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Fig. 1 Addition of circuit breaker elements in the DSM software. 

 
Step 3: Defining the flow of information between the activities of the system. 

To show the flow of information the activities dependencies have to be defined and this was done by having interactions with 
the engineers associated with it. The proper sequence of the process, right from the design stage and final stage where thorough 
inspection of the developed product. However, one should understand each engineer has his perspective and knowledge base and it is 
necessary to arrive at a common interpretation. Taking input from engineers and subject experts the flow of information from one 
activity to another is fed into the DSM software as shown in Fig. 3. The dependency between the activities needs to enter at this step 
and each activity can be related to not just one but multiple activities. A more accurate picture of the flow of information between the 
activities is presented in Fig. 4. The spaghetti graph depicts how the flow of information among the different activities and each 
activity is associated with one or more activities. For instance, the castings/hour feeds the information to sandblasting/hour, 
fettling/hour, deburring/hour, machined visual inspection/hour and CNC machining/hour. This means the information is flowing from 
castings/hour to different other activities. In another case, molten metal temperature feeds the information to melting heating rate, 
conductivity test, shrinkage test, pouring rate, NDT testing, and composition testing after melting. To determine the influence of CNC 
machining/hour the knowledge of castings/hour, riser cutting/hour, deburring/hour and sandblasting/hour is required.  

 
Table 1 

List of elements in circuit breaker 
1 Die drawing preparation 
2 Simulation of die design 
3 Die fabrication 
4 Melting heating rate 
5 Molten metal temperature 
6 Melting time 
7 Metal density test 
8 Composition test after melting 
9 Shrinkage test 
10 Die temperature 
11 Pouring rate 
12 NDT testing 
13 Conductivity test 
14 Foundry line inspection 
15 Castings/hr 
16 Riser cutting/hr 
17 Fettling/hr 
18 Deburring/hour 
19 Sand blasting/hr 
20 Visual inspection/hr 
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21 CNC machining 
22 Machining line inspection 
23 Machined Visual inspection/hr 
24 Dimension inspection/hr 

 
On the other hand, understand the dimension inspection/hour, the knowledge of castings/hour, machined visual 

inspection/hour and CNC machining/hour is necessary. Yassine and Braha [15] reported a similar example where a spaghetti graph 
showed a complex system and how one activity feeds another. Further, one should understand that steps 2 and 3 are highly iterative 
and based on the understanding of the activities, they could undergo a series of modifications. Before presenting these activities, a 
series of discussions and interviews with engineers was conducted, and the outcome was listing these 23 activities for DSM studies.          
 

 
Fig. 2 Concurrent relationship between elements and system. 

 
Step 4: Construction of matrix based on the flow of information between the activities. 

A square matrix or n×n matrix is built by the software so that the flow of information between the activities is presented. The 
rows and columns formed in the matrix are presented with the tasks to be accomplished in the project. As mentioned, the number of 
rows is equal to the number of columns and diagonal activities do not have any interpretation. The diagonal elements have no 
significance in this matrix and hence they are blacked out. Here the row entries are the information input while the column entries are 
the information output.  

 
Fig. 3 DSM document depicting the dependencies between the system elements. 
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Fig. 4 Spaghetti graph depicting the flow of information among the elements. 

 
Step 5: Partition of the DSM matrix 

This is an important step as it involves restructuring activities and strives to formulate them into lower triangular form in the 
DSM matrix. This means that the DSM matrix is manipulated so that the number of feedbacks is reduced or eliminated. Once the 
partitioning of the DSM matrix is completed, the activities are divided into series, parallel and coupled tasks. There are few instances 
of series tasks that are identified first and the execution is carried out sequentially. In cases of coupled tasks, planning is necessary and 
the piece of missing information is estimated. Consider Fig. 5 which shows the partitioned DSM of the circuit breaker system in which 
series and coupled tasks are observed. Take the die drawing preparation case, which starts with the simulation with die drawing output 
and this output is fed into die fabrication activity. This iteration process among the activities will continue until the congregation 
occurs. In general, all activities' partitioning is conducted to move the majority of the feedback marks seen in the DSM matrix from 
upper diagonal to lower diagonal. As seen in Fig. 5 the rearrangement of activities and most of the interaction of activities are limited 
in four separate blocks. However, one can see that five interactions are outside these blocks and one could go for alternative 
rearrangement. This decision is highly dependent on how these interactions affect the activities and technical factors. Further, we can 
identify the activity that does not need input from other activities and identified with empty rows. After identification such activities, 
one can leave them further consideration. However, from Fig. 5 it is quite clear that no such activity is independent of others; hence, 
this step in DSM partitioning is not applicable. Similarly, in another step, the empty column represents that these activities deliver no 
information to others. As seen in the DSM matrix, metal density test and die fabrication is seen with empty columns and can also be 
removed as they have no significance.  
 

 
Fig. 5 Partitioned DSM of circuit breaker system. 
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After performing these operations one can consider that the DSM partitioning is completed [16]. Further, Fig. 6 shows the 
circuit breaker system's significant activities and highly significant activity is molten metal temperature. Technically speaking the 
molten metal temperature plays a huge role in the quality of the castings [17,18]. If the temperature is low then it can cause low 
fluidity and lead to defects like shrinkage. On the other hand, the high temperature can lead to the formation of porosity defects in the 
castings, affect the grain size, and form hot cracks in the die. Additionally, an attempt has been made to show the improvement of the 
mechanical and fracture properties of an Al 7075-T6 coated with an Electroless Nickel coating, indicating that the material proeprties 
can be greatly enhanced post casting methods [19]. As per the DSM results, molten metal temperature plays a major role in defining 
the castings' quality and cost. 
 

 
Fig. 6 DSM matrix showing significant element of circuit breaker system. 

 
4.0 Conclusions 

The present work employs activity-based DSM process to understand the interactions and dependencies in the pure copper 
circuit breaker. The DSM provides good visual information of product development activities and explains the exchange of 
information from one activity to others. Low and high dependency activities are sorted out, which is quite useful for resource 
allocation and how time or importance to be spent on it. The most important activities like molten metal temperature, melting heating 
rate and castings/hr are obtained from the DSM analysis and this implies that these are the most significant activities which need 
utmost attention from the engineers.  
 
References 
[1] O. Senoz, W. Daughton, A. Gosavi, E. Cudney, An evaluation of professional quality measurement systems for the automotive 

industry, International Journal of Engineering, Science and Technology, 3 (2011) 101-108. 
[2] A. Gosavi, W. Daughton, O. Senoz, V.A. Samaranayake, Consumer perception of US and Japanese automobiles: a statistical 

comparison via consumer reports and J.D. Power & Associates data, International Journal of Engineering Management and 
Economics, 6 (2016) 1-18. 

[3] K.T. Ulrich, S.D. Eppinger, Product Design and Development. ISBN 0-07-247146-8, 3rd Edition, 2004, McGraw-Hill, New 
York. 

[4] T. Boudouh L. Bendada, Product development process improvement: A review of Design Structure Matrix methods, MATEC 
Web of Conferences 112 (2017) 08017. DOI: 10.1051/matecconf/201711208017. 

[5] Z. Hao, Product development processes management based on design structure matrix (DSM) method, 4th International 
Conference on Wireless Communications, Networking and Mobile Computing, Dalian, China, 12-14 Oct. 2008, DOI: 
10.1109/WiCom.2008.1810. 

[6] S.J. Tuholski, I.D. Tommelein, Design Structure Matrix (DSM) implementation on a seismic retrofit, Proceedings for the 16th 
Annual Conference of the International Group for Lean Construction, Manchester, UK, 16-18 Jul. 2008, 471-484. 

[7] B. N. Prashanth, Kingshuk Roy, “To select the best tool for generating 3D maintenance data and to set the detailed process for 
obtaining the 3D maintenance data”, AIP Conference Proceedings 1859, 020049 (2017); doi: 10.1063/1.4990202. 

[8] B. N. Prashanth R. Venkatram, “Development of Modular Integration Framework between PLM and ERP Systems”, Materials 
Today: Proceedings 4 (2017) 2269–2278. 

[9] Srinivas Rao T,”A performance evaluation of GA algorithm to solve a VRP problem with excess loads for a FMCG company”, 
AIP Conference Proceedings 2080, 050006 (2019); https://doi.org/10.1063/1.5092934 Published Online: 08 March 2019. 

[10] Srinivas Rao T,” An Ant Colony and Simulated Annealing Algorithm with Excess Load VRP in a FMCG Company”, IOP 
Conference Proceedings IOP Conf. Series: Materials Science and Engineering577 (2019) 012191 IOP Publishing 
doi:10.1088/1757-899X/577/1/012191. 

[11] R.M. Zhu, D.B. Tang, Product development process integration using design structure matrix, Advanced Materials Research, 
118-120 (2010) 800-804. 



 

  

 
 

 

ISSN:2277-7881; IMPACT FACTOR :6.514(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:4(1), April:2021 

Online Copy Available: www.ijmer.in 
Digital certificate of publication:http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

 

 
64 

 

[12] C.A. Shajahan, N. Firoz, M. Sadhikh, V.R. Pramod, Ashim, Managing iterations in product development process using 
dependency structure matrix, Journal of Physics: Conference Series, 1355 (2019) 012024. 

[13] http://projectdsm.com/ as available on January, 2019. 
[14] Shashi Kumar M. E. and R. Venkatram, Application of Design Structure Matrix for Reducing Complexities in Brake Assembly: 

A Case Study, International Journal of Advanced Research in Engineering and Technology, 11(11), 2020, pp. 662-670. 
http://www.iaeme.com/IJARET/issues.asp?JType=IJARET&VType=11&IType=11 

[15] A. Yassine, D. Braha, Complex concurrent engineering and the design structure matrix method, Concurrent Engineering, 11 
(2003) 165-176. 

[16] T.R. Browning, Applying the design structure matrix to system decomposition and integration problems: A review and new 
directions, IEEE Transactions on Engineering Management, 48 (2001) 292-306. 

[17] D. Dhaneswara, J.F. Fatriansyah, R. Ramadhan, A. Ashari, The effect of melting temperature aluminum metal casting using 
mixed degasser based sodium fluoride and sodium nitrate, MATEC Web of Conferences 269 (2019) 07001. 

[18] T. Maruyama, M. Tamaki, G. Nakamura, K. Nakamura, Effect of molten metal temperature on mold filling in evaporative 
pattern casting, International Journal of Metal casting, 13 (2019) 611-617.  

[19] Mohan Kumar, S., Pramod, R., Shashi Kumar, M. E., Govindaraju, H. K. Evaluation of fracture toughness and mechanical 
properties of aluminum alloy 7075, T6 with nickel coating, Procedia Engineering, Volume 97, 2014, Pages 178-185. 

 
 



Filename: 7 
Directory: C:\Users\DELL\Documents 
Template: C:\Users\DELL\AppData\Roaming\Microsoft\Templates\Normal.dotm 
Title:  
Subject:  
Author: Windows User 
Keywords:  
Comments:  
Creation Date: 4/16/2021 4:41:00 PM 
Change Number: 3 
Last Saved On: 4/19/2021 9:16:00 PM 
Last Saved By: Murali Korada 
Total Editing Time: 21 Minutes 
Last Printed On: 4/29/2021 1:02:00 PM 
As of Last Complete Printing 
 Number of Pages: 7 
 Number of Words: 3,409 (approx.) 
 Number of Characters: 19,436 (approx.) 

 


