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ABSTRACT
A significant issue with the hot forging process is the intense stress and high temperatures involved, which can
cause the die to fail. This research examines how to prevent die failure by applying a glass coating to the die's
surface. The focus is on a die made of Din 2714, a type of German standard steel, during the hot forging of
waspaloy. Forging was attempted using the traditional method, which is challenging due to the heat escaping
from the die's surface and the limited temperature range of waspaloy. To address this, a thermal barrier coating,
Delta Glaze FB412, was applied to the die's surface. Thermal analysis was performed using Ansys software,
revealing that the coating effectively reduced heat loss from the die's surface. To confirm these findings, two
halves of the die's surface were coated with Delta Glaze FB412. After the die underwent adequate heat treatment,
it was installed on a forging machine, and the forging process was conducted according to the product's
production procedures. Upon completion of the forging, it was observed that the product was defect-free.
Further examination after the process showed no signs of die failure or plastic deformation.
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INTRODUCTION

The research was designed to inquest failure during the production of Waspaloy, a trademarked nickel-based
super alloy, while it was being hot forged at 1010°C, because it experienced plastic deformation on the die.
Waspaloy, known for its use in high-temperature environments and gas turbines, maintains its strength and
resistance to corrosion at these high temperatures, with forging temperatures ranging from 1010°C to 1080°C.
In the forging process of Waspaloy alloy the failure of the die due to plastic deformation was anticipated. The
die was constructed from hot-worked steel of DIN 2714. Forging Waspaloy using traditional methods is
challenging due to its high strength at forging temperatures. The significant difference in temperature between
the die and the workpiece leads to a die cooling effect. This study was carried out to find an effective method
for reducing the temperature difference in industrial settings. Research on the reasons for deformation and the
impacts of applying a thermal barrier coating with delta glaze FB 412 to the die's surface have been carried out.
This involved conducting thermal and stress analyses using

Ansys software, which were then validated through real forging operations.

METHODOLOGY
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Fig. 1: Methodology

THERMAL SOFTENING & PLASTIC DEFORMATION OF DIES

Die life is significantly influenced by various factors, including die material, die design, and forging conditions.
Common failures include catastrophic fractures, wear, mechanical and thermal fatigue, and plastic deformation.
Key variables in the forging process are: a) the flow behavior of the material being forged under processing
conditions, b) die geometry and materials, ¢) friction and lubrication, d) the mechanics of deformation,
including strains and stresses, e) the characteristics of the forging equipment, f) the geometry, tolerances,
surface finish, and mechanical properties of the forgings, and g) the environmental impact of the process.
Repeated hot forging operations increase the die temperature, which decreases the surface hardness of the die,
leading to thermal softening. This softening accelerates wear and plastic deformation. The plastic deformation
can be assessed by comparing the effective stress to the yield strength of the die material at the same
temperature. Chanin Tavichaiyuth and Yingyot Aue-u-Lan studied the plastic deformation and abrasive wear
of hot-forged axle shafts, collecting data from the hot forging process. This data included the characteristics of
the screw press (such as energy, moment of inertia, and blow efficiency), initial die hardness profile,
temperature measurements of the workpiece and forging die at steady-state temperature, and forging load. Heat
transfer from the workpiece to the die surfaces creates thermal gradients in the workpiece, causing the surface
near the die to experience less plastic deformation due to the die chilling effect. This uneven plastic flow
increases stress on the die. Forging Waspaloy using conventional techniques is challenging due to its high
strength at forging temperatures and the need for precise control. The forging of nickel-based alloys is further
complicated by their low ductility and high resistance to deformation at elevated temperatures. These alloys
exhibit high flow stress, high recrystallization temperatures, and a narrow forging temperature range of 1000-
1100°C, making the process difficult. In isothermal forging operations, however, controlling forging conditions
is easier, resulting in higher homogeneity of the product's microstructure and mechanical properties. The
microstructure of Waspaloy can be more easily controlled in isothermal forging compared to conventional
forging.

DIE CHILLING & SURFACE COATING

Heat transfer from the workpiece to the die surfaces creates thermal gradients within the workpiece. The area

near the die surface undergoes less plastic deformation due to die chilling. This chilling effect can be reduced or
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eliminated by maintaining the die at the same temperature as the workpiece, a process known as isothermal
forging. However, this is not feasible in conventional setups due to the need for a vacuum to prevent die
oxidation. Another method to mitigate the die chilling effect is using thermal barrier coatings, which prevent
heat loss from the die surface and thus decrease the thermal gradient. There are several ways to extend die life,
including using newer and more wear-resistant die materials, optimizing die geometry to reduce wear intensity,
and applying proper heat treatments, coatings, and hard facing. Surface engineering techniques have also
successfully improved the wear resistance of hot forging tools. Recently, hard coatings applied through physical
vapor deposition (PVD) have shown significant potential in enhancing the tribological properties of contact
surfaces. Ritanjali Sethy investigated the use of glass coating (CONDAERO 228 glass coat) on titanium forging
and its effects on the heat transfer coefficient and coefficient of friction. Transient heat conduction occurs during
the heating and cooling of metal billets, and the heat transfer coefficient can be determined using the following

equation.

t—ta

ti—ta= e—hAstT
pVWhere:
ti = initial temperature

ta = ambient temperature T = temperature

h =heat transfer coefficient W/m2K As = Surface area in m2
T =time in seconds C = specific heat

p = density V = Volume

THERMAL BARRIER COATING
Thermal barrier coatings are applied to metallic surfaces that operate at high temperatures. Current die coating
technology uses a water-based suspension of ceramic particles, with sodium silicate being the most common
water-based binder. These coating mixtures require careful storage, and their preparation can be labor-
intensive, especially at elevated temperatures. Glass coating materials consist of glass powder, a binder, a
rheological agent, and wetting and viscosity modifiers dispersed in a carrier. Commercially, glass coatings are
available under the trade name Bonderite L-FG412 (Delta Glaze). It is a dispersion of a specially developed
rigorously controlled Glass frit in water designed for a protective coating on forging dies and titanium and

super alloy
billets. The salient features of delta glaze are: 1. Unlike other glazes it is lead free and solvent free

2. Assist to control metal flow 3. Reduce Heat loss from Surface 4. Delta glaze is available in liquid form

so dip, spray or Manuel application is possible on surfaces.
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Fig. 2 Delta Glaze FB412 Solution

ANALYSIS
Thermal analysis of die with coating and without coating has been done by using ANSYS. Here model of
dimension 290x290x70 mm was used. The analysis of coated and uncoated models using the ANSYS software

have been illustrated in the figures given below.

ANSYS
ol

ACADEMIC

Fig. 3: Temperature Distribution of uncoated specimen
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Fig. 4 Temperature Distribution of Top Surface of delta glaze coated specimen.
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Fig. 5: Temperature distribution on the die surface below the delta glaze coated surface.
For validating the result and finding heat transfer coefficient, two specimens with the same material of Die (Din
2714) 290x290x70mm have been taken in which one is coated with Delta glaze and the other is kept uncoated.

They are heated up to a temperature of 550°C in an electric furnace and allowed to cool in air.

Fig. 6: Specimen 290x290x70 coated with delta glaze coating

CALCULATION OF HEAT TRANSFER COEFFICIENT
Temperature distribution in transient conduction is given by the relation

t—ta

ti—te= e—hAsT

pVC

Substituting the values of temperature in the above equation, the value of heat transfer coefficient was
determined. The value of heat transfer coefficient in each node included finite element analysis and the

temperature distribution on each node is approximately same as the actual process has been done
ANALYSIS OF MODELS OF DIE USING ANSYS

The analysis was conducted with delta glaze coated die and uncoated die. The analysis of upper half of die

without coating is shown in figure given below.
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Fig. 7: Analysis of Top half of Die without Coating
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Fig. 8 Analysis of Bottom half of Die and product without coating
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Fig. 9: Analysis of Product
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Fig. 11: Analysis of Bottom die with coating

EXPERIMENTAL ANALYSIS
Die was coated with delta glaze FB412 to a thickness of 1 mm on the Die Surface using brush.
20 minutes drying time was given between each coat. Die was placed in a Die heating furnace and heated up to
350°C for 6 hrs. Die top and bottom halves were fitted in forging hammer. Preheated billet of waspaloy at the
temperature 1020°C was placed inside the Die cavity.
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RESULTS AND DISCUSSIONS

Analysis using Ansys reveals a significant temperature drop with each blow, and before the work is complete,
the product's temperature falls below the forgeable range. Comparing Ansys results, the temperature drop for the
coated die is significantly lower than that for the uncoated die. For the coated die, the average temperature drop
per blow is only 0.35°C for the bottom half and 0.85°C for the top half. Thus, applying a glass coating on the
die surface reduces heat loss from the die and product surface, keeping the billet within the forging temperature
range. This analysis demonstrates that surface coating is an effective method for conventional hot forging of
Waspaloy.

Temperature vs. time graphs for the upper and lower halves of the die are shown below.

a
f

Fig. 12: temperature vs time of delta glaze coated die (top & bottom)
[Green line - maximum temperature line, blue line - average temperature line, red line - minimum temperature
line] Plastic deformation was observed in the upper half of the die due to a larger temperature drop compared to
the lower half. The lower half, being in contact with the hot billet, experiences minimal temperature drops. Ansys
analysis confirmed that the upper half of the die undergoes greater temperature drops. Die failure is caused by
heat loss from both the die and billet surfaces and the narrow forgeable temperature range of Waspaloy. Despite
these challenges, the actual forging process of Waspaloy using a conventional hot forging setup with a Delta
Glaze coated die was successfully completed. There were no cracks on the product, which maintained close
dimensional tolerances. Additionally, no plastic deformation was found on the die surface after the process was
completed. Finally, the product was forged without any cracks or deformations. Also, the dies also suffered no

damages.

REFERENCES
1. Z. Gronostajski and M. Hawryluk, “The main aspects of precision forging,” Archives of Civil and
Mechanical Engineering, vol. 8, no. 2, pp. 39-55, 2008.
2. KLange, L. Cser, M. Geiger, and J. A. G. Kals, “Tool life and tool quality in bulk metal forming,” CIRP
Annals, vol. 41, no. 2, pp. 667-675, 1992.3
3. Tavichaiyuth, Y. Aue-u-Lan, and T. Hart-Rawung, “Evaluation of forging die defect by considering plastic

deformation and abrasive wear in a hot forged axle shaft,” Applied Science and Engineering Progress, vol. 14,

67




ISSN: 2249-7196

i
g&@; IIMRR/Oct. 2024/ Volume 14/1ssue 8/60-69
b L Sigimon N B / International Journal of Management Research & Review
)

no. 1, pp. 60-71, 2021

4. Takehiro OHNO, Rikizo WATANABE, Kohichi TA NAKA, Isothermal Forging of Waspaloy in Air with
a New Die Material, 1998

5. P. Mannan, A. Kostryzhev, H. Zurob, E. V. Pereloma, Hot deformation behavior of Ni- 30Fe-C and Ni-
30Fe-Nb-C model alloys. Materials Science & Engineering A, 641, 160- 171 (2015)

6. Marcin Kukurykl, Jerzy Winczekl, Marek Gucwal, Analysis of deformation and microstructure evolution
during the cogging process of Waspaloy alloy, MATEC Web of Conferences 254, 02008 (2019)

7. M. Chandrasekaran Forging of metals and alloys for bio medical application in Metals for Biomedical
Devices 2010

8. P. Naresh, A. V. Hari Babu, V. Madhava, M. Sudhakar Reddy Design and Analysis of a Hot Forging Dies
2016

9. N. Saklakoglu, S. Gencalp, Irizalp Performance of Fe-based hard facings on hot forging die: experimental,
numerical and industrial studies Kovove Mater vol. 56 2018

10. Subhash Chander and Vikas Chawla, Tribological Behavior Of Pvd hard Coated Hot Forging Die steel,
Asian Journal of Engineering and Applied Technology ISSN: 2249-068X Vol. 5 No. 1, 2016, pp.23-28
(2011).
11. Ritanjali Sethy Glass coating effects on Ti-6Al-4V hot forging phd thesis Department of Mechanical and
Industrial Production Engineering Mondragon Unibertsitatea Arrasate, Spain ,2017
12. R.K Rajput, heat and mass transfer chapter 4 vol 2conduction unsteady state page 271-315
13. Taylan Altan, “Selection of Die Materials And Surface Treatments For Increasing Die Life In Hot And
Warm Forging”, Paper no 644-FIA Tech Conference, April 2011
14. P. Wolfram, S. Giskaas and C.J. Van Tyne “Mechanical Properties of Hot Forging Die steels at Working
Temperatures,2010
15. Vrushabh Mahaveer Ghosarwade-“Finite element analysis of progressive die”, International Research
Journal of Engineering and Technology (IRJET) e-ISSN: 2395 - 0056 Volume: 02 Issue: 09 | December-2015
www.irjet.net p-1ISSN: 2395-0072.
16. Taylan Altan, “Selection of Die Materials And Surface Treatments For Increasing Die Life In Hot And
Warm Forging”, Paper no 644-FIA Tech Conference, April 2011
17. Bruno Buchmayr, Damage, Lifetime, and Repair of Forging Dies DOI 10.1007/s00501- 016-0566-3 2016
18. Schneider, R., Schweiger H., Reiter, G. and Strobl, V. Effect of different alloying elements on hardness
profile of nitrided Hot-work tool steel, BHM Berg- und Huttenméannische Monatshefte, Volume 151-3, 2009
19. Shirgaokar M., Technology to Improve Competitiveness in Warm and Hot Forging: Increasing Die Life
and Material Utilization, PhD Dissertation, The Ohio State University, 2008
20. Smolik, J. Hard Protective Layers on Forging Dies-development and Applications.
Coatings 2021

21. Stephen Midsol, Lubricious Thin-Film Coatings for Forging Applications: a literature review

68


http://www.irjet.net/

ISSN: 2249-7196

;
,{M”,, IIMRR/Oct. 2024/ Volume 14/1ssue 8/60-69
SRS Sigimon N B/ International Journal of Management Research & Review
)

22. Siamak Abachi, Metin Ak, Wear analysis of hot forging dies Tribology International 43 (2010) 467473
23. Ali Akbar Emamverdian, Yu Sun, Cao Chunping, deformation and wear in a H21 (3Cr2W8V) steel die
during hot forging: simulation, mechanical properties, and microstructural evolution journal of materials

research and technology 2 0 2 1.

24. Amin. M And Liagat Ali “Carbide coating preparation of hot forging die by plasma processing”, Jan 2011

69



