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1. Abstracts:  

One of the established process where in metal is plastically deformed with the help of 

temperature and pressure is hot forging. In closed die hot forging, the dies are subjected to the 

high temperature and contact pressure. The die cost ranges from 10% to 15% of whole forging 

process cost, so die cost plays an important role in the overall process cost.  To increase the 

profit by reducing the forging cost it is necessary to improve the die life and material utilization 

in closed die hot forging process. The selection of die material is based on its ability to retain 

the hardness and toughness at elevated temperature. One among them is chromium die steel 

which can retain its hardness upto 425 0C. The die life is not only depending on the material 

used but also on the process parameters like preform size, number of blows, forging force, 

temperature, coefficient of friction and so on. To the enhance lifecycle of a die the die stress 

and forging force should be minimized during closed die hot forging process. The die stress 

and forging force are depended on the preform size and shape, and for the economical forging, 

it is necessary to optimize the preform volume. For the volume of the preform, it is necessary 

to consider the volume of the finished part, the scale and the volume of flash. Burning loss and 

machining allowances are also to be considered to achieve the high quality of the forged part. 

It is very difficult to accurately calculate the volume requirement for the preform and it is 

impractical and uneconomical to do the sample try-outs on the shop floor. Now a day’s finite 

element analysis (FEA) is very useful for the simulation of the closed die hot forging process 

to optimize the preform volume and to reduce the forging force and effective stress of preform. 

Most forging operations are of a non-steady-state type in terms of metal flow, stresses and 

temperatures these variables vary continuously during the process. The finite element analysis 

is useful to optimize the forging load and effective die stress. In the hot forging process, 70% 

of die failures are only due to abrasive wear. The chromium based die material DIN 1.2714 is 

available in hardened and tempered metallurgical conditions. The hardness of DIN 1.2714 is 

in the range of 39 HRC to 42 HRC. 

The failure mechanism of hot forging die is mainly abrasive wear assisted by thermal cyclic 

load. By increasing the surface hardness and hence the wear resistance once can improve the 

die life. The main objective of this research is to optimize the preform volume and improve the 

die life by increasing the surface hardness. In this study finite element analysis (DEFORM 3D) 

is utilised to reduce the forging force, effective stress and improve the yield of material for the 

economical forging. Four preform have been designed in CreO 4.0 and analysed for the 

completely filled cavity of die at the end of the simulation process using DEFROM 3D. The 

plasma nitriding process has been selected for improving the surface hardness of DIN 1.2714 

die steel from 42 HRC to 65 HRC. Around 9% of material yield improvement is observed by 
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using the FEA analysis and the life of plasma nitrided DIN 1.2714 die steel material is increased 

by two fold than that without plasma nitriding, which resulted in an overall profit increase of 

15%.  

2. Brief Description on state of art of the research topic: 

Forging business has a very good future in India and is attributed to the special characteristics 

of the forged parts. Forging process classified in two categories that are i) cold forging & ii) 

hot forging. As per the Association of Indian Forging Industry (AIFI), out of these two 

processes about 93% of parts are manufactured by hot forging process. The Indian forging 

industry is an integral part and a major contributor to the manufacturing sector. Forgings are 

required by almost the entire manufacturing sector, from general engineering, capital goods, to 

power generation and distribution (transmission line), to name a few, which are the backbone 

of the manufacturing sector. The Indian forging industry is recognized globally for its technical 

capabilities. The overall contribution of closed die forging parts is about 69% in the 

manufacturing of forged part through hot forging process.  Anchor shackle as shown in figure 

1 is used in the transmission line. Excellent mechanical property is required for anchor shackle 

to handle the tensile and compressive loads so it is generally manufactured by closed die hot 

forging process.  Forged components exhibit good strength because closed die forging refines 

the grain size & grain structure and orient the flow lines in the direction of the force [1-2]. To 

reduce the manufacturing cost and improve the material utilisation the die design and preform 

design are utmost important in closed die hot forging process.  

 

Figure 1 Anchor Shackle 

D J Mynors et al. [3] examined and illustrated the principles used in manually designing dies 

for commercial steel forgings and the profile shape have been considered as have all the 

possible factors that can influence a die design. Victor Vazquez and Taylan Altan [4] suggested 

the die design for the near net or net shape forged part and reduced 30% to 40% wastage of 

material in the form of flash. The finite elements methods or finite volume methods have been 

used for the development of the forging die to control the forging load, die stress or to reduce 

the material requirement for the forged parts [5-9]. To control the flow lines, grain size and 

proper distribution of the forging load on the dies the following guide lines are necessary to 

follow [10-12]:  

https://auto.economictimes.indiatimes.com/tag/association+of+indian+forging+industry
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1) The blocker is slightly narrower than the finisher in the top view by approximately 0.5 

to 1.0 mm and has larger fillet & corner radii to enhance metal distribution. 

2) The areas of the various blocker cross sections are augmented from those of the finisher 

by the flash allowance. 

3) To enhance the metal flow toward the ribs, an opening taper may be useful from the 

centre of the web toward the ribs. 

4) In the case of steel forgings, whenever possible, the ribs in the blocker sections should 

be narrower but slightly higher than those in the finisher sections to reduce the die wear. 

5) As per theory [13], while calculating surface area of the die block, it should be ensured 

that the distance between the outer peripheries of impression and the die edge should 

not be less than 1.5 times the maximum depth of the impression. 

The closed die hot forging process is divided into four stages. Figure 2 shows the stages of the 

closed die hot forging process [14]. In the first stage, the preform initial geometry is heated 

above the recrystallization temperature in the furnace. In the second stage, it is transferred from 

the furnace to the bottom die. The simple geometry of preform is converted into the complex 

geometry of the finished part during the third stage. The blow of the top die is occurred and the 

gravitation energy is converted into the impact energy in the third stage. The finished part is 

removed from the die and the water-based lubrication is applied on dies that causes thermal 

loading. In the final fourth stage, the forged part is transferred to the mechanical press and 

placed into the trimming die where excess flash material is removed [14-16]. During the closed 

die hot forging process high mechanical and cyclic thermal loads are acting on the die so that 

excessive wear takes place [16-17].  

 

Figure 2 Stages of closed die hot forging process 

The failure of die in closed die hot forging process are due to abrasive wear, plastic 

deformation, thermal fatigue and mechanical fatigue [18]. About 70% of die failure is due to 

only abrasive wear [19] so to predict the die life it is necessary to analyze the wear mechanism. 

 Siamak Abachi et al. [17] analyzed the hot forging process performed on mechanical crank 

press and suggested 6.5 x 10-23 Pa-1 value of wear coefficient for the die material AISI L6 by 
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comparing the results of finite volume method with the measurement of worn die. Taylan Altan 

et al. [18] studied the warm forging/extrusion process for the manufacturing of pinion. They 

had developed a method for the measurement of abrasive wear and plastic deformation of the 

die which was made from DURO – F1 material and concluded that without predicting the 

plastic deformation it was impractical to predict the abraive wear of the die during the extrusion 

process. They also suggested that the forming process can be improved effectively by the FEM 

analysis. 

 

R Rajiev and P Sadagopan [19] analyzed the closed die forging process with the help of 

commercially available Deform software and suggested an average wear coefficient of                  

9.39 x 10-13 Pa-1 for the H13 die insert used on a mechanical screw press. Andrzej Maciol et al. 

[20] presented a modified Takagi – Sugeno fuzzy identification method for the prediction of 

forging die wear based on the useful data collected from the experts in the absence or limited 

availability of data. M. Hawryluk et al. [21] developed the 3D reverse scanning method 

combined with SEM and hardness tests for the quick determination of die wear during the hot 

forging process. They selected W360 die material with 0.2 mm gas nitrided with 1200 HV 

hardness for the production of truck valves on the crank press machine. They concluded that 

this method is very precise and economical than the conventional methods used for the wear 

measurements of a hot forging die.  

 

A lot of work has been done in the area of wear analysis and improving the wear coefficient of 

hot forging die to increase its life by correcting/improving the die design, preform design, or 

reducing forging load. There is also a scope of improving the die life by increasing the surface 

hardness of hot forging die. M. G. DE Flora and M. Pellizzari [22] studied the wear behaviour 

of 55NiCrMo7 at elevated temperatures. They compared the 31 HRC hardness with the 41 

HRC hardness of the same die material. They performed rolling sliding hot wear tests on the 

AMSLER tribometer at 600 0C and 700 0C. The high hardness material showed the better wear 

behavior at 600 0C but at 700 0C the thermal crack nucleation rate is found to be higher for less 

hard material while harder steel showed higher crack length.  

 

Mehmet CAPA et al. [23] enhanced the life of AISI H 13 hot forging die by plasma nitriding, 

using a 350 kN mechanical press. They maintained the nitriding parameters like vacuum 

pressure, temperature, N2 / H2 ratio and varied the nitriding time from 2 to 16 hours. They 

found the highest die life for the 10 hours of plasma nitriding process. The die life has increased 

more than eight times than the die without plasma nitriding.  
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M.Koble et al [24] performed the practical test of a coated hot forging die to improve the quality  

of the forged part. They used multilayer coating with the composition of TiC / TiCN / TiN for 

4 μm thickness. No adherences occurred between the part and the coated die. Also, enhanced 

die life is observed with the use of graphite-containing lubricant. 

 

Ravindra Kumar et al. [25] studied the effect of plasma nitriding on the performance of  AISI 

H13 forging dies and punches used in the fully automatic and semi-automatic hot forging 

process. They observed that the performance of dies and punches increased by four times with 

a semi-automatic process whereas two and half times increase is observed with a fully 

automatic process. They also concluded that the performance of dies and punches depends on 

the service condition like die and punches temperature, effective cooling process and the 

repetition time of the blow. 

 

S. Legutko et al. [26] investigated the effect of hybrid layers (nitrided layer/ PVD coating) on 

the lifetime of the hot forging dies and concluded that the die life has been increased three to 

four times. It was observed that the CrN coated dies and punches have less wear and higher life 

than the TiAlN coated dies and punches.   

 

R. Iamtanomchai and S. Bland [27] examined the wear and enhanced the hot forging die life 

with the help of FEA and 0.1 mm deep nitriding surface hardening process. The microhardness 

was increased up to 69 HRC of SKD61 die material and the die life was increased by 104 % to 

126%.  

 

M. Podgraaajsek et al. [28] done a failure analysis of hot forging insert protected by diffusion 

layer and PVD coating.  They concluded that only the PVD layer was not sufficient to improve 

the fatigue resistance but with the help of the improved plasma nitriding process and die 

designing the service life of the die insert was extended.  

 

N. Saklakoglu et al. [29]  used four hard-facing electrodes to improve the wear resistance of 

AISI 1.2714 die material. They used the tungsten inert gas welding (TIG) process for the 

deposition of Fe based hard-facing layer on the die material. They reported that the electrode 

(Capilla 733) with a higher value of C with Cr, Mo and W exhibited the best wear resistance 

property.  

 

Dong-Gyu Ahn et al. [30] developed a locally selective deposition technology with a transition 

layer (TL) using a direct energy deposition (DED) process to improve the wear resistance of 
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hot forging dies. They found that with this method the wear resistance and the quality of the 

product improved dramatically. 

 

Findings from literature review: 

According to the literature review, more than 70% of tool replacements are due to premature 

die wear. Another 25% are due to mechanical fatigue, and the remaining 5% are due to plastic 

deformation and thermal-mechanical fatigue. Therefore, the die wear is the dominating tool 

failure factor for the forging tool replacement during the mass-production. A lot of work has 

been done in the area of wear analysis and improving the wear coefficient of hot forging die to 

increase its life by correcting / improving the die design, preform design, or reducing forging 

load with the help of FEA technique. 

Several researchers studied the effect of hybrid layers like nitrided/PECVD coatings [31], CrN 

[32] coatings, alumina sol-gel coating [33] and the PN + Cr/CrN [34] coating to enhance the 

life of hot forging dies and they found that the die life was increased with these methods. 

Most of the researchers considered mechanical press, hydraulic forging machine, automatic or 

semiautomatic forging press, or the screw press. 

3. Research Gap and Problem Definition: 

 Research Gap:  

There is a paucity of data to improve the die life for the closed die hot forging process 

performed on belt type one ton drop hammer which converts the gravitational energy 

into impact energy during closed die hot forging process. 

 Problem Definition: 

Cost of forging tools have proved to be one of the most important factors in the overall 

process cost. Die costs range from 10% to 15% of the whole process cost and prediction 

of forging load and effective stress in closed die hot forging operation is difficult. Most 

forging operations are of a non-steady-state type in terms of metal flow, stresses and 

temperatures these variables vary continuously during the process, so with the help of 

FEA simulation optimize the preform volume to minimize the forging load, effective 

stress and improve the die life through the plasma nitriding process. 

4. Objective and Scope of work: 

The aim of this research work is to investigate the hot forging die to improve its life and 

improve the material yield to increase the profit of manufacturer. The major objectives are as 

follows: 
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a) Development of die and preform design for improvement of die life and material 

utilization.  

b) Optimize the preform volume to improve the material yield 

c)  Improvement of die life in hot forging process through application of coating 

5.  Original contribution by the thesis: 

The original contribution by the thesis is investigation of the closed die hot forging process for 

improving the die life with the help of die and preform design.  In this study, die for the anchor 

shackle is developed as per following guidelines that are based on past experience and the 

instruction given in the ASM handbook, volume 14A [10].   

1) The distance between the outer peripheries of impression and the die edge should not 

be less than 1.5 times the maximum depth of the impression. 

2) Undercut radius = 3 mm  

3) Internal and external draft angle are 70 and 50, respectively 

4)  Fillet radius and corner radius are in the range of 5 mm to 8 mm and 2mm to 4 mm, 

respectively.  

As per the component, the rectangular cross-section of the die has been selected for actual 

forging of Anchor shackle [35]. The CAD model of die has been prepared by using Creo 4.0. 

Figure 3 shows the cad models of top and bottom die with actual photograph. 

               

                                                          (a) Top die 

                                                     

                                                        (b) Bottom die 

Figure 3 Top and Bottom die of anchor shackle 
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The die life is not only depending on the die design but also on the die material used, preform 

size, forging load, temperature, number of blows, coefficient of friction and so on. In hot 

forging die material, high thermal conductivity and hot yield strength are required while low 

coefficient of thermal expansion and young’s modulus are required against the impact load at 

elevated temperature. The die material cost is in the range of ₹190/kg to ₹220/kg. The 

chromium content in DIN 1.2714 die material has high tensile strength with the toughness and 

easily available in Indian market at low cost as ₹170/kg, so DIN 1.2714 material is selected for 

the anchor shackle die. Table 1 and 2 shows the chemical compositions and mechanical 

properties of DIN 1.2714 die steel. 

Table 1  Chemical composition of DIN 1.2714 die steel 

 
C Mn Si Cr Ni Mo V P S 

0.54% 0.65% 0.25% 1.13% 1.68% 0.4% 0.12% 0.012% 0.008% 

 

Table 2  Mechanical Properties of DIN 1.2714 die steel 

 
Density           

(x 1000 kg/m3) 

Poisson’s 

ratio 

Tensile 

strength (MPa) 

Elastic Modulus 

(GPa) 

Yield strength 

(MPa) 

Elongation 

(%) 

Reduction 

in area (%) 

7.84 0.27 – 0.3 1470 205 1045 5 - 25 69.7 

 

After selecting the die material and die design the preform design is done.   The initial simple 

geometry, which transformed into a complex geometry is known as preform. To minimize the 

material requirement, it is necessary to control the preform volume precisely. Figure 4 shows 

the geometry of the anchor shackle. The geometry of the anchor shackle is complex and 

calculating the actual theoretical volume is difficult. The approximate theoretical volume of 

the finished forge part is 72346 mm3. It is required to add 3% burning loss and 27% flash 

volume [10] into the finish part’s volume to determine the final volume of the preform, so the 

minimum required volume of the preform is 94050 mm3 for the forging of anchor shackle. The 

length of the forged part is 107 mm and with the help of the volume constancy rule, 36 mm 

diameter of cylindrical geometry of preform is finalized. 

 
Figure 4 Drawing of Anchor Shackle 

The above volume of preform is fairly accurate and to reduce the rate of rejection it is necessary 

to optimize the volume of preform. AISI 1015 Carbon steel with 0.16% carbon, 0.47% 
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Manganese, 0.02% Phosphorus and 0.03% Sulphur is the material of anchor shackle. FEA 

analysis is used for the optimization of the preform volume. Four preforms have been designed 

as per the following dimensions and figure 5 shows the CAD model of all the preforms. 

Preform 1: Ø36 mm × 100 mm long 

Preform 2: Ø36 mm × 105 mm long 

Preform 3: Ø36 mm × 110 mm long 

Preform 4: Ø36 mm × 95 mm long 

     

                                Preform 1       Preform 2         Preform 3       Preform 4   

Figure 5 CAD model of Preforms 

Deform 3D software is used for finite element analysis of closed die forging process. The whole 

process is divided into five stages for accurate analysis [36]: 

1.  In the first stage, the perform is transferred from the furnace to the top of the bottom 

die. It is purely the heat transfer stage. The austenitic temperature of the preform is 

considered. There is no plastic deformation taking place during this stage. 

2. During the second stage, the preform is precisely positioned in the blocker cavity. It is 

also a pure heat transfer stage. Heat transfer between the preform and bottom die is 

considered in this stage. It is known as the dwell period. The total time for this stage is 

man average 10 seconds.   

3. In the third stage, the plastic deformation of the preform is taking place in the blocker 

cavity. In this stage, the simple geometry is transformed into prerequisite geometry.  

4. At the end of the third stage preform is transferred to the finisher cavity. It is the second 

stage of the dwell period. The total time for this stage man average is about 20 seconds. 

5.  In the final stage again plastic deformation is taking place in the finisher cavity. For the 

complete filling up of the die cavity, the total number of blows of a one-ton hammer is 

calculated by the FEA software. 
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 The following assumptions are made in the finite element analysis:  

The die material DIN 1.2714, temperature 350 0C, coefficient of friction is 0.3 for lubricated 

forging, fine meshing of dies is to be assumed and the characteristics of 1-ton hammer have 

been considered for the FEA.  

Figure 6 shows the meshing of preform, top die and bottom die in Deform 3D. The size ratio 

and the minimum element size for the preform is 1 and 4 mm respectively while for the top 

and bottom die they are 2 and 5 mm. Mesh results are given in table 3. 

    

 

Figure 6 Meshing of (a) Preform 1  (b) Top die   (c) Bottom Die 

Table 3 Objects Mesh Results 

Object Number of 

nodes 

Surface 

polygon 

Tetrahedral Mesh  

elements 

Size 

ratio 

Minimum element 

size (mm) 

Preform1 1265 1320 5324 1 4  

Top die 6993 6182 32791 2 5  

Bottom die 6391 6154 28235 2 5  

 

The formation of the initial preform into final complex geometry with flash has been analysed 

after the successful completion of simulation process. Figure 7 shows the simulation results for 

the die filing at the end of simulation process.  

                                      

           Preform 1                     Preform 2                 Preform 3                     Preform 4 

Figure 7 Die filling of all preforms after simulation 

The last step of the simulation of the closed die hot forging process is needed to upload in the 

DEFORM 3D simulation software for the die stress analysis.  The number of blows for the 

fully filled cavity of the die are taken as three. From the simulation of the closed die hot forging 

process and die stress analysis the preform 1 with diameter 36 mm x 100 mm long is considered 

for the anchor shackle forging. The weight of each die block is 180 kg and the cost of plasma 

           (a) Preform1            (b) Top Die                         (c) Bottom Die 
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nitriding process is lower than the PVD, CVD, PVD with Hybrid layer coating, the CrN coating 

and the direct energy deposition processes studied from the literature review so for the 

improving surface hardness of DIN 1.2714 die steel material from 42 HRC to 65 HRC the 

plasma nitriding process has been selected. The process parameters of the plasma nitriding are 

as per following: 

 Temperature                       : 480 0C 

 Process Time                      : 18 Hrs. 

 Gas Pressure                      : 3 – 4 Torr 

 Gas Ratio N2 : H2              : 1 : 3 

 After Nitriding – 

 Surface Hardness              : 1000 – 1100 Hv (65 to 67 HRC) 

 Case Depth                         : 200 – 250 microns 

A hexagon makes CMM (Coordinate measuring machine) has been utilised for the 

measurement of die cavity of as received DIN 1.2714 die steel and the plasma nitrided DIN 

1.2714 die steel and compared the die life for 3000 pieces of anchor shackle forging using one-

ton hammer machine.  

 

6. Methodology of Research: 

To achieve the objectives of this research work the methodology developed is given in figure 

8. First of all the die material is selected from the literature survey and the experience of the 

die maker of the industry. As per the guidance of die maker and the die design rules mentioned 

in the standard the anchor shackle die is developed. 

 

Figure 8 Methodology of research work 
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The preforms have been design and model in CreO 4.0 and analysed the closed die hot forging 

process with the finite element analysis software. The DEFORM 3D is utilised for the 

simulation of the closed die hot forging process. The preform volume has been optimised to 

improve the material yield by ensuring the fully filled die cavity through the simulation process. 

After analysing the simulation result, the actual die is developed with the vertical machining 

centre (VMC). Once the die is developed than the die life has been compared between as – 

received DIN 1.2714 die steel and plasma nitrided DIN 1.2714 die steel for the 3000 pieces of 

anchor shackle. The CMM is used to measure the dimensions of die cavity before and after the 

forging process. The regression analysis has been done in MATLAB to determine the die life 

for the plasma nitrided DIN 1.2714 die steel.  

7. Results and Discussions:  

Closed die forging operation is complex and to express it with quantitative relationships is also 

difficult. Quality of finish-forged part depends on the forging parameters like metal flow, 

friction at workpiece and tool interface, the amount of heat generated and transferred during 

plastic flows. It is necessary to determine the accurate volume of preform including flash to 

transform the initial simple geometry of preform into a complex geometry of the finished 

forged part without causing material failures to be cold shut, partial filling, cracks and scale 

pits. If preform volume is incorrect, the filling of die cavities may be partial or excessive 

forging loads may occur. The main objective of this thesis is to improve part quality, optimize 

the forging load and effective die stress and improve the die life. These objectives can be 

achieved by controlling preform volume and increasing the surface hardness of die through 

plasma nitriding process. 

Preform volume is analysed with the help of FEA. As the preform volume increases, the 

quantity of flash is also increased. Figure 8 shows the formation of flash at the end of simulation 

process. The flash for the preform 4 is minimum while that of preform 3 is maximum. The FEA 

results are summarised in table 4. 

                            

           (a) Preform 1              (b) Preform 2                 (c) Preform 3             (d) Preform 4 

Figure 8 Flash formation for all preforms 
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Table 4 FEA results for all preforms 

Preform 
Dimensions(mm) Observations 

Diameter Length Die  filling 

1 36 100 Fully Filled 

2 36 105 Fully Filled 

3 36 110 Fully Filled 

4 36 95 Partially Filled 

 

From the FEA results the preform 4 (ø 36 x 95 mm long) is the first choice for saving the 

material because the flash quantity is minimum but at the intermediate stage of the simulation 

the partially filled die cavity is found and it is also conformed from experiment. Figure 9 shows 

the comparison between the simulation results with the actual closed die forging process for 

preform 1. 

                    

               (a) FEA analysis of preform 4                                      (b) Actual forged part of preform 4 

Figure 9 Comparison of   (a) FEA analysis with (b) Actual forged part of preform 4 

Preform 1 (ø 36 x 100 mm long) is the best choice as the flash quantity is medium and no such 

partially filled cavity is found during the simulation as well as from the experiment. Figure 10 

shows the comparison between the simulation results with the actual closed die forging process 

for preform 1.  

                                    

  (a) FEA analysis of preform 1                                               (b) Actual forged part of preform 1 

 

Figure 10. Comparison of   (a) FEA analysis with (b) Actual forged part of preform 1 
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Flash is an essential part and its size is very crucial for ensuring filling of die cavity. Flash is 

also significant factor for the optimization of preform, so accurate flash design is required to 

ensure die filling during closed die hot forging operation. Here, the material yield has been 

improved and  reduce the wastage of material in the form of flash. Table 5 shows the 

comparision of the preforms volume.  

Table 5 Comparision of volumes for all preforms 

Preform Dimensions (mm) Volume (mm3) 

Dia. Length 

1 36 100 101736 

2 36 105 106822.8 

3 36 110 111909.6 

                  

     

                                               =      (111909.6 – 101736) x 100 / 111909.6    =  9.09%  

Material cost of AISI 1015 is ₹50/kg. For the preform 3 cost of the material is ₹ 45 and that 

of preform 1 is ₹41.  

Saving in the Material cost = (Cost of preform 3 – Cost of preform 1) x 100  

                                                                   Cost of preform 3  

                                           = (45 – 41) x 100 / 45   = 8.9% 

By saving the 9.09% volume of the preform, the 8.9% saving in the material cost is also 

achieved which will help to increase the profit of anchor shackle manufacturer. Preform 1 is 

selected for the forging of 3000 pieces of anchor shackle. 

Forging force and effective die stress are also analysed with the help of DEFORM 3D 

simulation software. Figure 11 shows the forging force and effective die stress (Von Mises) for 

the preform 1.  

Table 3 shows the results of FEA for all preforms. Larger the preform volume needs higher 

forging force. The effective die stress rises when the geometrical dimensions of preforms are 

increased.  

             

Figure 11 Forging force and effective die stress for preform 1 

Saving in the volume =   (Volume of Preform 3 – Volume of Preform 1) x 100                     

                                                              Volume of   Preform 3   
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Table 3   FEA results for the maximum effective die stress and forging force of all preforms 

Part 

Preform Size 

(mm) 

Preform 

Volume 

(mm
3

) 

Max. Effective Die 

Stress (MPa) 
Forging Force (kN) 

Bottom Die Top Die Bottom Die Top Die 

Preform 1 Ø 36mm x 100 mm length 101736.0 4220 2940 243 259 

Preform 2 Ø 36mm x 105 mm length 106822.8 2950 2960 222 256 

Preform 3 Ø 36mm x 110 mm length 111909.6 3210 3270 306 306 

Material wastage is less when preform 1 is selected because the flash formation for the preform 

1 is minimum but chances of the failure of the bottom die will be increased because maximum 

effective stress is induced on it. So, to reduce the material wastage and improve the die life the 

plasma nitriding process is selected. It helps to increase the surface hardness from 42 HRC to 

65 HRC upto 250 microns. 

Hexagon make Coordinate Measuring Machine (CMM) is used to measure the die cavity before 

and after the forging operation. Figure 12 (a) and (b) shows the CMM measurements of forging 

die. The reference point for the CMM measurement is same throughout the measurement 

process and it is also shown in figure 12 (c). 

                                                           

(a) Without plasma nitriding     (b) With plasma nitriding          (c) Reference point for CMM 

Figure 12 CMM measurements of die cavity 

Locations at which the maximum wear is occurred have been identified through CMM 

measurement. Figure 13 shows the locations at which the CMM measurements have been taken 

for the comparison of die life between as received DIN 1.2714 die steel and with plasma 

nitrided DIN 1.2714 die steel. 

C1 to C3 and C7 & C8 represent the circle diameters whereas the P2 to P3, P3 to P4 and P4 to 

P5 represent the thickness where the maximum wear take place during the closed die hot 

forging process.  The forged part shrinks after the trimming process; hence, the die cavity 

dimensions were larger than the drawing dimensions of the final part. Table 4 shows the 

allowable dimensions at critical areas identified for the anchor shackle dies. 
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Figure 13 Measurement of Die Cavity with Coordinate Measuring Machine 

These dimensions were measured with the CMM before and after the forging of 3000 pieces 

for the bottom die without the plasma nitriding process. The minimum wear was 0.359 and the 

maximum wear was 1.12 mm. As shown in figure 14 at the C3 location the plastic deformation 

was observed and so that the wear value was negative while at location P3 to P4 due to the 

abrasive wear the thickness was decreased and because of that, the wear was negative. 

Table 4  Dimensions Measured by CMM for Bottom Die without Plasma Nitriding 

Sr. No. Reference 
Drawing Dimension 

 (mm) 

Before Forging 

 (mm) 

After Forging 

(mm) 

Difference 

 (mm) 

1 C1 15.5 to 15.7 15.828 16.187 0.359 

2 C2 15.5 to 15.7 15.855 16.925 1.07 

3 C3 15.5 to 15.7 15.391 15.287 -0.104 

4 C7 37.8 to 38.2 38.341 39.284 0.943 

5 C8 37.8 to 38.2 38.203 39.207 1.004 

6 P2 to P3 15.5 to 15.7 14.902 15.628 0.726 

7 P3 to P4 21.5 to 22.5 24.337 23.384 -0.953 

8 P4 to P5 15.5 to 15.7 14.905 16.025 1.12 

 

 

Figure 14 Location C3 & P3 to P4 

Table 5 shows dimensions measured with the CMM before and after the forging of 3000 pieces 

for the top die without the nitriding process. The minimum wear was 1.103 mm and the 

maximum wear was 1.418 mm.  
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Table 5 Dimensions Measured by CMM for Top Die without Plasma Nitriding 

Sr. 

No. 
Reference 

Drawing Dimension 

(mm) 

Before Forging 

(mm) 

After Forging 

 (mm) 

Difference 

(mm) 

1 C1 15.5 to 15.7 15.565 16.733 1.168 

2 C2 15.5 to 15.7 15.638 16.86 1.222 

3 C3 15.5 to 15.7 15.597 16.746 1.149 

4 C7 37.8 to 38.2 38.328 39.588 1.26 

5 C8 37.8 to 38.2 38.34 39.758 1.418 

6 P2 to P3 15.5 to 15.7 14.902 16.139 1.237 

7 P3 to P4 21.5 to 22.5 24.449 23.088 -1.361 

8 P4 to P5 15.5 to 15.7 14.796 15.899 1.103 

 

For both top and bottom dies after the 3000 pieces the dimensions of forged parts were out of 

the range and it is considered as die failure due to the abrasive wear. To improve the die life 

the plasma nitriding process is selected for the same die material DIN 1.2714. The forging 

process is performed under the same operating condition such as 300 0C die temperature and 

1050 0C preform temperature were maintained for both with and without plasma nitrided dies. 

Table 6 shows dimensions measured with the CMM before and after the forging of 3000 pieces 

for the bottom die with the nitriding process. The minimum wear is 0.04 mm and the maximum 

wear is 0.207 mm.  

Table 6 Dimensions Measured by CMM for Bottom Die with Plasma Nitriding 

Sr. No. Reference 
Drawing Dimension 

 (mm) 

Before Forging 

(mm) 

After Forging 

(mm) 

Difference 

(mm) 

1 C1 15.5 to 15.7 15.651 15.73 0.079 

2 C2 15.5 to 15.7 15.646 15.686 0.04 

3 C3 15.5 to 15.7 15.609 15.775 0.166 

4 C7 37.8 to 38.2 38.473 38.666 0.193 

5 C8 37.8 to 38.2 38.461 38.668 0.207 

6 P2 to P3 15.5 to 15.7 14.758 14.776 0.018 

7 P3 to P4 21.5 to 22.5 24.598 24.698 0.1 

8 P4 to P5 15.5 to 15.7 14.703 14.838 0.135 

Table 7 shows dimensions measured with the CMM before and after the forging of 3000 pieces 

for the top die with the nitriding process. The minimum wear is 0.034 mm and the maximum 

wear is 0.774 mm.  

Table 7 Dimensions Measured by CMM for Top Die with Plasma Nitriding 

Sr. 

No. 
Reference 

Drawing 

Dimension (mm) 

Before Forging 

(mm) 

After Forging in 

(mm) 

Difference 

(mm) 

1 C1 15.5 to 15.7 15.622 16.396 0.774 

2 C2 15.5 to 15.7 15.568 16.106 0.538 

3 C3 15.5 to 15.7 15.698 16.294 0.596 

4 C7 37.8 to 38.2 38.448 38.482 0.034 

5 C8 37.8 to 38.2 38.302 38.619 0.317 

6 P2 to P3 15.5 to 15.7 14.593 15.018 0.425 

7 P3 to P4 21.5 to 22.5 24.542 24.053 -0.489 

8 P4 to P5 15.5 to 15.7 14.821 15.005 0.184 
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The hardness of the die material is increased from 42 HRC to 65 HRC after the plasma nitriding 

process. As shown in figure 15 at locations P3 to P4 due to the higher hardness the plastic 

deformation is observed instead of the abrasive wear. The thickness at this location is increased 

and the positive value of wear is found. 

 

Figure 15 Location P3 to P4 for Top Die 

As shown in Tables 8 & 9 the wear of top and bottom dies are reduced after the plasma nitriding 

process at all the critical locations of die cavities. The overall reduction in wear after the plasma 

nitriding is 80%. The anchor shackle is used in the transmission line and it is necessary to 

maintain the 21.5 to 22.5 mm dimension at locations P3 to P4 to maintain the efficiency during 

the assembly of parts at the construction site of the transmission line. This dimension is within 

the range after the 3000 pieces forged from the plasma nitrided dies. 

Table 8 Percentage Reduction in Wear after Plasma Nitriding for Bottom Die  

Sr. 

No. 
Reference 

Bottom Die 
Percentage Reduction in 

wear 
without plasma nitriding    

wear in mm 

with plasma nitriding wear 

in mm 

1 C1 0.359 0.079 78% 

2 C2 1.07 0.04 96% 

3 C3 -0.104 0.166 -60% 

4 C7 0.943 0.193 79.50% 

5 C8 1.004 0.207 79% 

6 P2 to P3 0.726 0.018 97.50% 

7 P3 to P4 -0.953 0.1 90% 

8 P4 to P5 1.12 0.135 88% 

 

Table 9  Percentage Reduction in Wear after Plasma Nitriding for Top Die  

Sr. No. Reference 

Top Die 
Percentage Reduction 

in wear 
without plasma 

nitriding  wear in mm 

with plasma nitriding 

wear in mm 

1 C1 1.168 0.774 34% 

2 C2 1.222 0.538 56% 

3 C3 1.149 0.596 48% 

4 C7 1.26 0.034 97.00% 

5 C8 1.418 0.317 78% 

6 P2 to P3 1.237 0.425 66.00% 

7 P3 to P4 -1.361 -0.489 64% 

8 P4 to P5 1.103 0.184 83% 

 

Table 10 shows the dimension at location P3 to P4 measured from the forged part at 

intermediates stages with the help of a digital vernier caliper (Mitutoyo). One can predict the 

die life with the regression analysis [30]. Figure 16 shows the regression analysis between the 
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dimension measured at P3 to P4 location of the forged part and the intermediate quantity. A 

quadratic equation is used to predict the die life. Figure 17 shows the prediction for the die life 

after the plasma nitriding process. 6000 pieces can be forged from the plasma nitrided DIN 

1.2714 die steel, which are twice than the without plasma nitriding DIN 1.2714 die steel.  

Table 10 Forged Part Dimension  

Intermediate stage Quantity in nos. Dimension at P3 to P4 location in mm 

100 22.3 

500 22.3 

1000 22.3 

1500 22.32 

2000 22.32 

2200 22.33 

2400 22.35 

2600 22.35 

2800 22.38 

3000 22.38 

 

          

Figure 16 Regression Analysis for the Die Life 

 

Figure 17  Prediction of Die Life 

y = 1E-08x2 - 2E-05x + 22.303

R² = 0.9564
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Table 11 shows the overall forging cost for 6000 anchor shackle using a die set without 

plasma nitriding DIN 1.2714 die steel. 

Table 11 Overall forging cost from as received DIN 1.2714 die steel 

Sr. No. Description Charges in Rupees Remarks 

1 Forging cost (including labor, 

Electricity and furnace oil charges)  

Rs. 20000 /- for the first 

batch of 3000 

anchor shackle 2 VMC Cost Rs. 12000 /- 

3 Forging cost (including labor, 

Electricity and furnace oil charges) 

Rs. 20000 /- for the second 

batch of 3000 

anchor shackle 4 Die recut charge Rs. 3000 /- 

5 Die material cost Rs. 2500 /- 

6 VMC charge Rs. 12000 /- 

Total  Rs. 69500/-   

 

Table 12 shows the overall forging cost for 6000 anchor shackle from plasma nitrided DIN 

1.2714 die steel. 

Table 12 Overall forging cost from plasma nitrided DIN 1.2714 die steel 

Sr. 

No. 

Description Charges in 

Rupees 

Remarks 

1 Forging cost (including labor, 

Electricity and furnace oil charges)  

Rs. 27000 /- for 6000 

anchor 

shackle 2 VMC Cost Rs. 12000 /- 

3 Plasma Nitriding  Rs. 20000 /- 

Total Rs. 59000/-   

 

 

 

 

8.  Conclusions  

Die life is the major concern vis – a – vis the tooling cost. The die life is not only dependent 

on the selection of preform or die design because on drop hammer the gravitational impact 

energy is utilized to convert the initial preform geometry into the final complex geometry. It 

also depends on the hardness and the toughness of the die material. In this study the plasma 

nitriding process is used to increase the hardness of DIN 1.2714 die steel material and compared 

the die life with as – received DIN 1.2714 die material. The following conclusions were made: 

1) Optimised the preform volume with the help of FEA, the material cost has reduced by 

8.9 % and reduce the rate of rejection of the finished forged part. The preform 1 with 36 

mm diameter and 100 mm length is the optimised volume for the anchor shackle forging 

on one-ton hammer.  

Increase in profit  = (69500 – 59000) x 100 / 69500  

                  = 15.10%  

                         ≅ 15% 

So, by plasma nitriding the die set 15% profit is possible. 
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2) High forging force is required for the filling of die cavities when the volume of the 

preform is less than the required volume and so that more stresses are induced on dies. 

3) Higher forging force lead to over capacity of machine and full capacity of equipment is 

not utilized hence lead to increase production cost.  

4) Higher the effective die stress leads to fatigue failure of dies during the closed die forging 

process and lost the valued production time.  

5) Forging force and die stress are minimum for the optimum volume of the preform and 

also the optimum die life is obtained. Die stress and forging force are minimum for 

preform 1(ø36 mm x 100 mm) and it has been considered as optimal volume for the 

anchor shackle. 

6) The wear resistance of plasma nitrided die is increased by 80 % than the die without 

plasma nitriding. 

7) From the regression analysis, 6000 pieces can be forged from the plasma nitrided die and 

it is twice than the die without plasma nitriding hence the die life is increased two times 

than the as-received die material.  

8) Die setting time is reduced for 6000 pieces and hence increases the profit by 15% for the 

manufacturing of anchor Shackle. 

9) The overall profit is increased upto 23.9% through improving the yield of material and 

by increasing the die life with the help of plasma nitriding process. 

10) Finite element analysis is found to be very helpful and good agreements with the actual 

closed die hot forging process. 
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