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ABSTRACT 

This paper focuses on providing economical methods for manufacturing of hot die steel inserts, for various optimized 

solutions developed the constraint of the existing manufacturing setup is also considered. The techniques are implemented 

on a pressure die casting moving die insert component. The present optimized solution is derived for manufacturing rope 

length minimization of the die casting inserts (moving and fixed die) to get optimized solutions at every stage. The 

implementation of combined electrode, combined assembly machining and the cluster plate machining techniques are the 

key development done in the research. Combined electrodes, assembly machining along with cluster machining of the 

electrodes reduce the total physical operational time of the die which will ultimately leads to saving the overall 

manufacturing cost and increase the profit The proposed solution opens up new avenues for similar automobile 

components by setting benchmark to decrease the rope length associated to manufacturing and increase the profit. 

Keywords: assembly machining concept, cluster plate machining, combined sparking, electrode discharge 

machining 

I. INTRODUCTION  

Aluminum [1] [2][3][4] is the general alloy used for manufacturing of die-casting inserts process[5][6] today. The main 

significant benefit of aluminum die cast parts is due to its light weight, the lightness of aluminum die cast parts makes 

automotive and aerospace applications as the basic ideal choice.  

 In mass and batch production system these are also mainly used in die casting process for development of several 

products principally automobile component (Refer Figure 1).The manufacturing rope length[7] depend upon the 

complexity and hardness  [8] of the job. All the activities are interrelated with each other. Any addition of activity leads to 

the addition of the manufacturing cost as well as the increasing rope length.  

Possible optimized techniques are made considering that even an addition of activities by any manufacturing section, will 

not allow creation of bottle neck in the system. The overall effect of the optimize design will try to nullify the effects of 

the increased task left out by any manufacturing section and as well as increase the efficiency and profit of the 

manufacturing setup. 

  The optimization is brought by three major concepts viz: Combine electrode concept[9], combined assembly 

machining concept and cluster plate concept which allows the effect combined sparking and combined machining. All of 
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the above methods of optimization are not possible to implement on one single insert. Depending upon the span area of 

the component area and the total machining depth, the suitable technique may be applied. Hence the concept is made to be 

understood by taking bay various different inserts. 

II. GENERAL STEPS IN DIE CASTING DIE DESIGN 

The general steps that are observed in the tool room where all kinds of complicated manufacturing of inserts are done. 

These components may be in form of crank cases, engine head cover, butterfly valve, steering column, carburetors and so 

on. The general process followed by the tool room is as follows: 

 

 
Fig.1. Aluminum Die Casted Automobile Component. 

 

a) Design data provided by the customer to the design department. 

b) Simulation and study of the component. 

c) Die design layout. 

d) Process engineering of the die. 

e) Material procurement. 

f) 2D and3D machining of the die. 

i. Insert programming 

ii. Stock model creation of the left out material 

iii. Electrode Design. 

iv. Electrode Programming. 

v. Electrode Sparking[10][11][12][13] 

h) Assembly of the machined components. 

i) Spotting of the manufactured inserts on spotting machine. 

j) First trial and post trial corrections. 

k) Die finalization.  

m) Die dispatch. 

 

Hence from the above operations which are mandatory for manufacturing the scope for optimization can be found where 

there is bottle neck observed in the manufacturing line. Hence the optimization can be done on: electrode design, electrode 

programming, electrode sparking and the operation related to it which stands the objective of the paper. 

III. COMPONENTS UNDER ANALYSIS 

There are two components under discussion for the explaining the above mentioned concepts. The combined electrode 

concept is made to understand with the help of crank case of two- wheeler whereas the cluster plate machining and 

combined sparking are made to understand by plastic mould used for street lighting. Figure 2a, 2b and 3 shows the same. 
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The shape and size of all the components are different. The aesthetic changes in the shape of the components are 

observed due to customer’s feedback and technical trouble shooting while working. This leads to alteration of the 

component area does not have a major impact on the manufacturing rope length of the job. Re-visiting the old machined 

geometries (insert programming), the electrode design [14][15] and electrode programming [15][16] will be allowing of 

exploring of implementation of new techniques that which can increase the productivity along with the profit 

 

Fig.2a. Crankcase of two-wheeler (Fixed die) 

 

Fig.2b. Crankcase of two-wheeler (Moving die) 

 

 
Fig.3. Combined electrode concept for fixed die insert 
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.Hence the combined electrode concept which is mentioned in section 4 is an outcome of revised design for couple of 

time and the presented design is the most optimized design, whereas the cluster machining explained in section 5 is 

exceptional case of the cluster machining and combined sparking. 

IV. COMBINED ELECTRODE CONCEPT 

Figure 3 and Figure 4 shows the combined electrode concept which was implemented on both the fixed as well on 

the moving die insert. From figures 3 and 4, it is clear that combined electrode concept has a major advantage over the 

separate electrode designed over the same place. Combined electrode [17][18][19] concept addresses the concept 

increasing the sparking area in one single go(during sparking), rather than covering the same area in multiple numbers of 

electrodes. The advantage obtained in such designed is majorly observed in roughing and finishing electrodes. Insert 

which has thin ribs to be sparked, having depths around 90~120mm shows the actual benefit of the using the combined 

electrode concept. Sparking single rib on Electrode discharge machining (EDM) machine may take around 8 hours by the 

EDM process where as sparking 10 ribs [20] simultaneously make take around 10 hours. 

 

 
Fig.4. Combined electrode concept for moving die insert 

 

Hence the point here to be notified is that cover more areas in the electrodes in the design. This helps in reducing the all 

the activities related to a single electrode. The numbers of activities that are related to one single electrode are as follows: 

a) Electrode design 

b) Electrode manufacturing drawing. 

c) Electrode sparking drawing. 
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d) Process sheet generating for the designed electrode in Enterprise resource planning (ERP) Software. 

e) Band saw cutting of the raw material size for  electrode manufacturing. 

f) Final sizing of the block for machining. 

g) Electrode-programming in computer aided machining (CAM) software. 

h) Tool list generation of the tool path made. 

i) Dialing of the block on computer numerical control (CNC) machining. 

h) Actual manufacturing of electrode. 

i) Electrode polishing and de-burring. 

j) Electrode dialing on EDM machine. 

k) Generating EDM program for desired co-ordinates. 

l) Actual sparking on the EDM machine. 

 

Hence even adding one single electrode will increase activities “a-l”. Hence on designing, the electrode by combined 

electrode concept reduces the actual numbers of individual electrodes designed earlier. This helps in reduces the 

associated cost for the activities mentioned above. 

In the initial design there were around 6 electrodes which were straight away reduced to 1 electrode. Table I shows 

the benefits which are obtained by implementation of the combined electrode design. 

 

 
 

 

Fig.5. Individual electrode design 

 

TABLE I.  COMBINED ELECTRODE SAVINGS 

Summary of the  all the processes 
Net saving   

in Rupees 

1. Electrodes design -7772.15 

2. Generation  of  process sheet  350.00 

3.Band saw time  for  rough  block 

cutting 
800.00 

4. Block setting time on CNC machine 600.00 
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5. Programming with tool list 

generation 
800.00 

6. Sparking time on EDM  30,500.00 

Total saving 25,277.85 

Net saving of 

Combined electrode concept vs. individual old 

electrode designed at the same place = Rs 25,277.85 

  

 

The results shows after implementation of combined electrode concept, the physical number of electrode are reduced.  Six 

electrodes are significantly reduced to only one single electrode. The major saving that the manufacturing system gets is 

the number of hours that are saved in EDM. Sparking of six different individual electrodes will be reduced to only one 

single electrode in the case of combined concept. Nearly 75% of the total saving is contributed by the EDM sparking. 

Refer Figure 6. 

 
Fig.6. Net savings under combined electrode concept 

 

V. COMBINED ASSEMBLY MACHINING CONCEPT 

Depending upon the physical shape of the inserts (fixed and moving die) and the available space if there is no scope of 

designing combined electrode, then we can at least take the advantage in savings in all of the activities before the sparking 

activity of electrode in EDM section. This concept is similar to the combined electrode only the benefit of sparking cannot 

be taken.  

-19% 1%

2%

1%

2%

75%

Electrode Design

Generation  of  process sheet

Band saw time  for  rough  block cutting

Block setting time on CNC machine

Programming with tool list generation

Sparking time on EDM
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Fig.7. Individual electrode design 

 
Fig.8. Electrode design in assembly machining concept on cluster plate 

 
Fig. 9.  Assembly machining in DELCAM Software 
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TABLE II.  Net savings offered by assembly machining concept 

Summary of the  all the processes 
Net saving 

in Rupees 

1. Electrodes design 98.61 

2. Generation  of  process sheet  175.00 

3.Band saw time  for  rough  block cutting 400.00 

4. Block setting time on CNC machine 200.00 

5. Programming with tool list generation 600.00 

6. Actual tool list generation from 

DELCAM output 
796.66 

Total savings 2,270.28 

Net saving in 

Cluster plate design vs. individual old electrode = Rs 

2,270.28 

 

 

The electrodes are produced from one block in the same fashion as in case of the combined electrode. Successful running 

of tool path will churn out multiple electrodes from one single block. The initial rough block/s is placed on the cluster 

plate which has holes/oblong slots which placed on equidistance with a pitch of 20mm in X direction. Depending upon the 

location of the electrodes in the block necessary holes is drilled and “heli coils” are inserted in those holes. Screws are 

used for clamping the electrode on the cluster plate. Figure 7 shows the various small electrodes designed across both the 

inserts. 

 

Figure 8 shows the individual electrode designed assembled on the cluster plate which is treated as single electrode for 

programming. As discussed earlier in section 4 that all activities from “a-l” will be applicable for all 8 electrodes shown in 

figure 8 if machined individually. In the case of the assembly machining concept as shown in Figure 9 the entire 8 

electrode will be manufacture from one single block/s. Hence there will be savings of 7 X (a-l) activities. Figure 9 shows 

the programs made in “DELCAM” interface. Table II shows the total benefits that are obtained using combined machining 

concept. Figure 10 shows the % gain the across the various processes implemented in the combined electrode design.  

 

 
Fig.10. Net savings using assembly machining concept 

. 
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 Cluster plate machining and sparking 

The concept of combined machining is seen in section 5 where the electrodes which are sparked separately are machined 

together. In cluster plate machining concept the sparking of electrodes on the metal insert is further carried on the 

machined electrode placed on the cluster plate itself. All the operations of the electrodes placed on the plate (cluster) are 

carried simultaneously. Figure 11 shows the insert on which the cluster plate machining with the combined sparking is to 

be performed whereas Figure 12 shows the actual stock model left in CNC machining where electrode design is needed. 

The pink color zones shown in Figure 12 are actual areas where electrodes are to be designed. Depending upon the area of 

stretch the electrodes are designed.  

 
Fig.11. Insert on which cluster plate machining and sparking is performed 

 

 
Fig.12. Programming done in DELCAM interface 

 

Figures 13 shows the actual blocks used for electrode machining on the cluster plate. Similarly Figure 14 shows the actual 

designed electrodes on the cluster plate setup. Figure 15 shows the actual machined electrodes on the CNC machine. The 

setup shown in Figure 15 is directly used on the EDM machine for sparking the metal insert. The setup gives more 

advantage in saving the setup time for electrodes where as combined sparking saves times as mentioned in the combined 

electrode segment. Figure 16 shows the actual sparking done on the EDM machine. 

 

 
 

Fig.13. Blocks clamped on cluster plate 
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Fig.14. Electrode design in Pro Engineer 

 

 
Fig.15. Machined electrodes 

 

 

Fig.16. Sparking setup on EDM machine 
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VI. RESULTS AND DISCUSSION 

The results generated from the Table I, which is the savings obtained in the combined electrode design. Here from the 

results generated it is clear that in combined electrode design concept there the cost of the raw block used for 

manufacturing will be more as compared to individual cost electrodes, hence the negative (Rs -7772.15) value shown 

Table I, justifies the same. Similarly the high positive value (Rs 30,500.00) is obtained from the electrode sparking 

activity. This is because the simultaneous sparking of several electrodes which was not in the earlier case.  Out of the 

complete saving in the combined electrode concept, 75% of the complete saving is obtained from combined electrode 

sparking whereas 19% loss is seen in the case of electrode design. Rest all the activities mentioned in Table I are having 

almost the same percentage which is around 1%. Also refer pie chart shown in Figure 6.  

In the second method, i.e. cluster plate machining concept shows that the electrode design shares around 4% of the 

complete saving done. Similarly the time required for process sheet generation shows around 8% saving where as the band 

saw time saved is around 18% of the total savings. The time required for setting the block on CNC machine share around 

9%, whereas the time required for tool list generation is around 18% of the total saving. Lastly the saving in time required 

for generation of the complete tool list from the DELCAM out shares around 35% of the total savings. Refer pie chart 

shown in Figure 10. 

There are 3 methods discussed in the process length optimization of the aluminum die casting inserts made from hot die 

steel. Methods such as combined electrode concept combined assembly machining setup and cluster plate machining. The 

combined electrode design reduces manufacturing rope-length by chopping of the numbers of fixed activities associated 

with lower numbers of electrodes. Hence in combined electrodes the physical numbers of electrodes are also less and the 

numbers of activities are also less. The area covered in the combined electrode concept is more which also reduces the 

insert polishing process. If the area covered by the insert is complete as in the case of shown in Figure 3 and 4 in that case 

the finishing operation done in CNC milling [19][21] [22][23][24] [25][26] [27][28]machine can be completely skipped 

and the same can be done in EDM. On doing so the cost associated in CNC finishing operation is completely saved. 

Further there may be some specific areas on the insert which may not be finished in CNC[29][30][31][32] and needs to be 

finished in EDM machining. In such cases if the span area is less then combined electrodes can‘t be designed as those may 

not be economical. Hence a separate electrode has to be designed in such cases. When separate electrodes are designed 

then the economical advantage can be taken machining then in assembly setup. In assembly machining the numbers of 

electrode assembled n the cluster plate is treated as a single electrode hence the numbers of individual programs that 

would have been created are reduced. Hence as the numbers of programs are reduced the physical numbers of all the 

activities related to the electrodes are also reduced. After machining the electrodes are loosened and sparked individually. 

Further the advantage which was not possible by assembly machining is completed by the cluster plate machining. In this 

method the sparking is also done on the metal insert keeping the existing setup undisturbed. The cluster plate is directly 

clamped on the EDM machine and used for sparking; doing so helps in reducing the dialing and setup time which was 

required for those individual electrodes which were present in the assembly. The cluster plate machining helps to take the 

advantage which was not possible in assembly machining. Hence may depicted from all the results generated above that 

depending upon the component profile area the suitable method may be applied for optimizing the rope length and the cost 

associate with it. All the three methods have their own advantage over the other.  

VII.  CONCLUSION 

Techniques such as combined electrode concept, combined assembly machining concept and cluster machining and 

sparking concept are used for optimization of manufacturing rope length of aluminum die casting die. 

1. Combined electrode concept offers reduction of the total numbers of electrodes as compared to electrodes designed 

individually at the same span of area. 

2. The total numbers tool path programs that are needed for electrode manufacturing are less since the electrodes are 

combined. 

3. Pre manufacturing activities related to electrodes are reduced, hence chocking of the manufacturing system is not 

observed. 

4. In the case of the combined electrode concept the cost of the raw block is greater than that of the individual block used for 

machining. 

5. In the case of combined electrode concept the greatest advantage is observed in saving the sparking and the cost 

associated with it. 
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6. Cluster plate machining will again reduce the actual number tool path programs. 

7. Total number of physical electrode moving in the manufacturing system is also less. 

8.  Setup time required for placing the electrode on the CNC machine is also less. 

REFERENCES 

[1] A. A.R., A. Lars, B. Franco, F. Elena, and T. Giulio, “Evaluating the Tensile Properties of Aluminium Foundary Alloys 

through References Casting- A Review,” Welding, Join. Cast. Adv. Mater., vol. 10, no. 9, pp. 1–12, 2017, doi: 

https://doi:10.3390/ma10091011. 

[2] T. Committee-CENT/TC132, “Aluminium and Aluminium Alloys. Mechanical Potential of Al-Si Alloys for High 

Pressure, Low Pressure and Gravity Die Casting.,” Belgium, 2014. 

[3] E. Fiorese, D. Richiedei, and F. Bonollo, “Analytical computation and experimental assessment of the effect of the 

plunger speed on tensile properties in high-pressure die casting,” Int. J. Adv. Manuf. Technol., vol. 91, no. 1–4, pp. 463–

476, 2017, doi: 10.1007/s00170-016-9758-y. 

[4] D. Krupka, “Catalogue of European standards in the aluminium and aluminium alloys field,” Afno, no. August. pp. 1–32, 

2016, [Online]. Available: http://www.european-aluminium.eu/media/1708/catalogue-cen-tc-132-august-2016.pdf. 

[5] G. B. Meir and D. Ph, “Fundamentals of Die Casting Design,” Chicago, 2012, pp. 1–269. 

[6] D. B. . Richardson, T. Z. . Blanzymski, E. N. . Gregory, A. R. . Hutchinson, and L. M. . Wyatt, “Manufacturing methods,” 

in Mechanical Engineer’s Reference Book, 1994, pp. 16-1-16–112. 

[7] V. Kumar, J. Madan, and P. Gupta, “A system for design of multicavity die casting dies from part product model,” Int. J. 

Adv. Manuf. Technol., vol. 67, no. 9–12, pp. 2083–2107, 2013, doi: 10.1007/s00170-012-4633-y. 

[8] NADCA Product Specification Standards for Die Casting, “NADCA Product Specification Standards for Die Castings / 

2015 Tooling for Die Casting 2,” in NADCA Product Specification Standards for Die Casting, 2015, pp. 1–22. 

[9] N. A. D. C. ASSOCIATION, Design and Development Source Book-Product Design for Die Casting, 17th ed. NORTH 

AMERICAN DIE CASTING ASSOCIATION, 2015. 

[10] Y. S. Liao and Y. P. Yu, “The Energy Aspect of Material Property in WEDM and its Application,” J. Mater. Process. 

Technol., vol. 149, no. 1–3, pp. 77–82, 2004, doi: 10.1016/j.jmatprotec.2003.10.031. 

[11] J. E. Abu Qudeiri, A. Saleh, A. Ziout, A. H. I. Mourad, M. H. Abidi, and A. Elkaseer, “Advanced electric discharge 

machining of stainless steels: Assessment of the state of the art, gaps and future prospect,” Materials (Basel)., vol. 16, no. 

6, 2019, doi: 10.3390/ma12060907. 

[12] K. H. Ho, S. T. Newman, S. Rahimifard, and R. D. Allen, “State of the Art in Wire Electrical Discharge Machining ( 

WEDM ),” Int. J. Mach. Tools Manuf., vol. 44, pp. 1247–1259, 2004, doi: 10.1016/j.ijmachtools.2004.04.017. 

[13] K. H. Ho and S. T. Newman, “State of the art electrical discharge machining (EDM),” Int. J. Mach. Tools Manuf., vol. 43, 

no. 13, pp. 1287–1300, 2003, doi: 10.1016/S0890-6955(03)00162-7. 

[14] W. Geng and H. Liu, “A novel approach of automatically designing EDM electrodes for machining uncut regions,” 

Comput. Aided. Des. Appl., vol. 15, no. 4, pp. 465–475, 2018, doi: 10.1080/16864360.2017.1419636. 

[15] W. Geng, Z. Chen, K. He, and Y. Wu, “Feature recognition and volume generation of uncut regions for electrical 

discharge machining,” Adv. Eng. Softw., vol. 91, pp. 51–62, 2016, doi: 10.1016/j.advengsoft.2015.10.005. 

[16] J. S. Lo and C. T. Jiang, “Compensation method for profile deviations caused by the complex shape of electrodes in 

orbital electrical discharge machining,” Int. J. Adv. Manuf. Technol., vol. 103, no. 1–4, pp. 841–848, 2019, doi: 

10.1007/s00170-019-03601-9. 

[17] T. Sriani, G. S. Prihandana, and H. Aoyama, “Electrode Design for Orbiting EDM: An Experimental Approach,” Appl. 

Mech. Mater., vol. 758, pp. 159–163, 2015, doi: 10.4028/www.scientific.net/amm.758.159. 

[18] T. A. El-Taweel and M. S. Hewidy, “Enhancing the performance of electrical-discharge machining via various planetary 

modes,” Int. J. Mach. Mach. Mater., vol. 5, no. 2–3, pp. 308–320, 2009, doi: 10.1504/IJMMM.2009.023397. 

[19] J. Sahu, S. S. Mahapatra, and C. P. Mohanty, “Multi-response optimisation of EDM parameters using data envelopment 

analysis,” Int. J. Product. Qual. Manag., vol. 15, no. 3, pp. 309–334, 2015, doi: 10.1504/IJPQM.2015.068472. 

[20] M. Zahiruddin and M. Kunieda, “Analysis of Micro Fin Deformation Due to Micro EDM,” Procedia CIRP, vol. 42, no. 

Isem Xviii, pp. 569–574, 2016, doi: 10.1016/j.procir.2016.02.253. 

[21] S. M. Shinde and K. S. Bhole, “Review of accuracy improvement techniques in high speed 5 axis machining,” 2015, doi: 

10.1109/ICNTE.2015.7029906. 

[22] M. Campus and P. Martin, “Advances in Integrated Design and Manufacturing in Mechanical Engineering II,” Adv. 

Integr. Des. Manuf. Mech. Eng. II, no. January, pp. 1–5, 2007, doi: 10.1007/978-1-4020-6761-7. 



 

JOURNAL OF ALGEBRAIC STATISTICS  

Volume 13, No. 2, 2022, p. 1143 - 1155 

https://publishoa.com  

ISSN: 1309-3452                                                                  

 

1155 

 

 

[23] Y. Altintas and J. H. Ko, “Chatter stability of plunge milling,” CIRP Ann. - Manuf. Technol., vol. 55, no. 1, pp. 361–364, 

2006, doi: 10.1016/S0007-8506(07)60435-1. 

[24] X. H. Niu, X. L. Meng, Z. T. Zhang, R. Zhao, and B. F. Shen, “Modeling and analysis of plunge milling force based on 

orthogonal experiment,” Appl. Mech. Mater., vol. 391, pp. 372–375, 2013, doi: 

10.4028/www.scientific.net/AMM.391.372. 

[25] X. Niu, L. Cui, B. Hao, S. Liu, Z. Zhang, and X. Meng, “Analysis of plunge milling force and tool deformation on Cr12,” 

Adv. Mater. Res., vol. 652–654, pp. 2173–2177, 2013, doi: 10.4028/www.scientific.net/AMR.652-654.2173. 

[26] M. Otkur and I. Lazoglu, “Trochoidal milling,” Int. J. Mach. Tools Manuf., vol. 47, no. 9, pp. 1324–1332, 2007, doi: 

10.1016/j.ijmachtools.2006.08.002. 

[27] M. Šajgalík et al., “Analysis and prediction of the machining force depending on the parameters of trochoidal milling of 

hardened steel,” Appl. Sci., vol. 10, no. 5, pp. 1–19, 2020, doi: 10.3390/app10051788. 

[28] I. Szalóki, S. Csuka, S. Csesznok, and S. Sipos, “Can trochoidal milling be ideal ?,” Manuf. 2012. Int. GTE Conf., no. 

November 2012, 2012, doi: 10.13140/RG.2.1.4235.7286. 

[29] G. Gómez et al., “Comparison between milling roughing operations in full slotting manufacturing: trochoidal, plunge and 

conventional milling,” IOP Conf. Ser. Mater. Sci. Eng., vol. 1193, no. 1, p. 012003, 2021, doi: 10.1088/1757-

899X/1193/1/012003. 

[30] M. Bey and A. Cherfi, “Finishing of freeform surfaces with an optimized Z-Constant machining strategy,” Procedia CIRP, 

vol. 77, no. September, pp. 271–274, 2018, doi: 10.1016/j.procir.2018.09.013. 

[31] M. Balazs, “Study of z-level finishing milling strategy,” Researchgate, vol. 2, no. July, pp. 83–90, 2012. 

[32] P. Izol, M. Tomas, and J. Beno, “Milling strategies evaluation when simulating the forming dies’ functional surfaces 

production,” Open Eng., vol. 6, no. 1, pp. 98–105, 2016, doi: 10.1515/eng-2016-0013. 

 

 

 

 


