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ABSTRACT

Forging is an essential manufacturing process used to produce strong and durable components. However, defects
in forged parts can lead to high rejection rates, production delays, and increased costs. This study focuses on
identifying defects in Flange forging components, analyzing their root causes, and implementing solutions using
quality improvement tools. Common forging defects such as mismatch, underfill, scale pits, flash extension, excess
grinding, and cracks are examined. Among these, underfill and cracks are found to be the most frequent defects in
Flange forgings. Their root causes are analyzed using Ishikawa diagrams and why - why analysis to identify key
problem areas. To reduce defects and improve product quality, process parameters are optimized. Corrective
actions such as die modifications, process adjustments, and improved material selection are explored. The study
also highlights how small but crucial changes in heating methods, billet positioning, and forging pressure can
significantly minimize defects. Additionally, regular maintenance of dies and quality control checks play a key
role in achieving better forging results. The findings show that structured defect analysis and corrective measures
lead to a significant reduction in scrap and rework, ultimately improving productivity and efficiency in the forging
industry. This research provides valuable insights for manufacturers aiming to enhance the reliability,
performance, and cost-effectiveness of forged components.

Keywords— Forging defects, Flange forging, Quality tools, Defect analysis, Process optimization, Productivity
improvement, Forging industry.

I. INTRODUCTION

Forging is a dynamic three-dimensional manufacturing process where compressive and bending stresses play a
major role. This process is broadly classified into three types: open die forging, closed die forging with flash, and
closed die forging without flash. Due to its ability to produce components with superior mechanical properties and
high productivity, forging remains a crucial method for manufacturing various shapes and sizes using different
metals. It is widely used in industries that require parts capable of withstanding high dynamic loads and stresses,
such as engine components (e.g., crankshafts and connecting rods), turbine blades, structural elements, and
agricultural machinery. However, forging is not limited to high-load applications, many less demanding
components are also effectively produced through this process [1]. One of the most critical aspects of hot forging is
die life, as the forming die endures significant loads and high temperatures while shaping the workpiece into its
final form. The longevity and efficiency of the dies directly impact the overall forging process, making their design
and durability key considerations. With advancements in tooling, materials, and high-capacity machines, the focus
of modern forging technology has shifted toward achieving high precision and efficiency in production [2]. The
goal is to manufacture defect-free forged components while minimizing material waste, reducing scrap rates, and
optimizing production time.

The quality of a forged component depends on multiple factors, including the initial billet shape, the starting
temperature of the material and dies, forming speed, friction conditions, and the number and design of intermediate
dies. By carefully controlling these parameters, manufacturers can enhance the quality and reliability of forged
products, ensuring better performance and cost efficiency [3].
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II. DATACOLLECTION AND COMPONENT SELECTION

2.1. Selection of Component

The Sponsored industry is a big manufacturer of forging components. There are nearly 138 components which are
manufactured in this industry.

Table 1: Rejection percentage components in October 2024

Sr No Item Name \/i\{:r?]f(ez\;:)h Qty OI :Yc:rglng Rej. Qty | Rej. Wt (Kg) Rej. %
1 Flange B 0.416 112367 9653 4015.6 8.6
2 Flange Pump 0.6 25034 1534 920.4 6.1
3 Cap Con Rod 1.388 11203 675 936.9 6.0
4 Lug Shift 0.551 5320 290 159.8 5.5
5 Cap Con Rod 1.388 12520 642 891.4 5.1
6 Selector Shaft 0.620 32300 1524 944.9 4.7
7 Clamp Enjector 0.250 8200 356 88.9 4.3
8 Pawl Park Lock 0.265 6124 265 70.2 4.3
9 Butterfly valve 0.181 1636 68 12.3 4.2

These components are produced in the different production batches and shifts. Selection of the components is our
basic objective to complete. To select the appropriate component we need to check all the forging components in
the industry. We need to check the components which are having maximum rejection. After studying all the
components in the industry we have selected the 9 components with maximum rejection of month October 2024.
The rejection percentage components in October 2024 are tabulated in table 1.
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Figure 1: Pareto analysis of Forging components
After doing above Pareto analysis we can conclude that the rejection percentage of Flange B is more. The
percentage of rejection for Flange B is 8.6%. The graphical representation of the rejection analysis is shown in
figure 1.

Figure 2: Flange B Forging component

2.2. Parameters for Defect Analysis

After selecting components for study, the actual rejection analysis will start. Next step is to know the various
parameters required for defect analysis of the forging component. The Major parameters responsible for the
introduction of the defects in the system are temperature, cut weight, cut length, power pot, speed pot, etc. This all
parameters are mentioned as below. This type of data will be recorded for each month (2-4 months) until the
quantity of those major defects come down to required rejection percentage.
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Table 2: Responsible parameters for defects

Cut Weight 0.245 Kg

Section Diameter Dia 22 mm

Cut Length 83 mm

Temperature 1180 degree Celsius

Power pot 245 W

Speed Pot 45 %

Die coat White graphite with 1:15 Ratio

I11. REJECTION ANALYSIS

TJARSE
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This chapter includes the core portion of rejection analysis. The rejection is 8.6%, which is more in the forging.

The quality tools like Ishikawa diagram and why why analysis will be used to reduce the defects.

3.1. Rejection Analysis and Process Improvement

After selection of component next step is analysis of the Frange B. The collected data for the first month of each
component shows that the rejection percentage is not in acceptable limits. The rejection is 8.6%. The
improvements needed in process to control the rejection percentage. The improvements will be done with the help
of rejection analysis. Following table shows defect wise rejected quantity of the forging.

Table 3: Defectwise quantity of Flange B (Oct 2024)

Defects Rejection gty
Underfill 4521
Crack 1720
Mismatch 1342
Scale pit 980
Excess Grinding 640
Dent 450

3.2. Analysis of Defects by using Ishikawa Diagram
3.2.1. Ishikawa diagram for underfill defect
The Ishikawa diagram for underfill defect is mentioned below:

Measurement

1. Improper billet location on bender
2. Improper billet location on blocker
3. Forging of under heaten billet

1. Improper Blocker Design
2.Improper Bender design
3. Improper Section selection

1. Improper heating of Billet

1. Improper Temperature in induction

UNDER
FILL

2. Improper stroke reversal of press machine

Figure 3: Ishikawa diagram for Underfill Defect

Causes and Remedies for Underfill Defect in Forging

1. Billet Size & Shape

Cause: Incorrect billet dimensions (undersized or irregular shape).
Remedies:

o Ensure accurate billet sizing as per design specifications. The required billet size should be 83 mm and diameter

of billet should be Dia 22 mm.

The Billet should be made flat to 18 mm for better material distribution.
. Billet Heating

Cause: Inadequate heating or uneven temperature distribution.

Remedies:

N O

O

Maintain optimal billet heating temperature based on material type. The heating temperature should be from
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1150 degree to 1180 degrees Celsius.
Use infrared thermometers or thermal cameras to measure the temperature.

. Die Design

Cause: Insufficient flash land or improper cavity design.

Remedies:

Modify die design to improve metal flow. The Upsetter, Blocker and Finisher should be designed as per
standards of die design.

. Insufficient Forging Load

Cause: Low press tonnage or insufficient hammering force.
Remedies:

Increase forging load to ensure complete die filling.

Use a properly rated press’lhammer for required force.

. Improper Die Alignment

Cause: Misalignment of upper and lower dies affecting material flow.
Remedies:

Regularly inspect and align dies to prevent improper metal flow.

Use dowel pins or guides for precise alignment.

. Friction & Lubrication

Cause: Excessive friction preventing proper material flow.

Remedies:

Apply appropriate die lubrication to reduce friction.

Use graphite-based lubricants for hot forging with ratio of 1:15 should be used.

. Preforming Issues

Cause: Inadequate material distribution in preform stage.
Remedies:

Optimize preform design for better material distribution.
Use closed-die preforming to minimize material loss.

. Forging Speed

Cause: Too high or too low deformation speed affecting material flow.
Remedies:
Adjust stroke speed of forging press based on material type.

o Conduct trials to determine the optimal forging speed.

Figure 4: Underfill defect of Flange B

3.2.2. Ishikawa diagram for Crack defect
The Ishikawa diagram for Crack defect is mentioned below:

[Measurement

1. Improper handling and force application 1. Inaccurate Temperature Monitoring

2. Lack of Process Awareness 2. Poor Defect Detection
3. Insufficient Hardness &
Strength Testing

P | Crack

1. Incorrect Die Alignment 1. Faulty Cooling Systems
2. Excessive Forging Load 2. Die Wear & Tear
3. Incorrect Heating Temperature

Figure 5: Ishikawa diagram for Crack Defect
23|Page




International Journal of Advance Research in Science and Engineering

Volume No. 14, Issue No. 04, April 2025
WWw.ijarse.com

Causes and Remedies for Crack Defect in Forging
1. Improper Material Selection
e Cause: Use of material with low ductility or poor forgeability.
Remedies:
Choose materials with high toughness and good forgeability.
Use preheated billets for improved plasticity.
. Excessive Forging Load
Cause: Applying excessive force beyond the material’s ductility limit.
Remedies:
Optimize forging force based on material properties.
Use controlled deformation techniques to prevent overstressing.
. Inadequate Billet Heating
Cause: Insufficient or uneven heating leading to low ductility.
Remedies:
Maintain proper billet heating temperature using infrared thermometers.
Ensure uniform heating through controlled induction or furnace settings.
. Die Misalignment
Cause: Poor alignment of upper and lower dies causing stress concentration.
Remedies:
Regularly inspect and align dies before production.
Use precision guide pins or automated die alignment systems.
. Sharp Corners in Die Design
Cause: Sharp edges in die cavities cause stress concentration.
Remedies:
Modify die design with fillets and smooth transitions.
Use CAD simulations (QForm, DEFORM) to analyze stress points.
. Rapid Cooling of Forged Component
Cause: Sudden cooling causes thermal stresses leading to cracks.
Remedies:
Use controlled cooling methods such as furnace cooling.
Avoid direct water quenching unless required for hardening.
. Poor Lubrication
Cause: High friction leading to non-uniform material flow and cracking.
Remedies:
Apply proper die lubrication to reduce stress concentration.
Use graphite-based lubricants for hot forging and oil-based for cold forging.
. Inadequate Preforming
Cause: Poor material distribution leading to localized stress.
Remedies:
Optimize preform shape to distribute material evenly.
Use multi-step preforming techniques to reduce stress points.
. Inclusion or Impurities in Material
e Cause: Presence of non-metallic inclusions weakening the structure.
o Remedies:
o Use high-quality, defect-free billets from reliable suppliers.
o Implement strict material inspection and ultrasonic testing (UT).
10. Incorrect Die Temperature
e Cause: Cold dies cause rapid cooling and induce cracks.
o Remedies:
o Preheat dies to the recommended temperature before forging.
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o Use temperature-controlled die heating systems.

Figure 6: Crack Defect in Flange
3.3. Corrective actions (Phase 1)
The Ishikawa diagram analysis highlights the primary cause of rejection is due to the improper billet cutting. While
other factors, such as improper die heating, improper lubrication and excess force on the die, also contribute to the
defects. Temperature, however, is considered a separate factor. As a result, the first priority is to address issues
related to the billet cutting.
Corrective Actions for Underfill and Crack Defects with Respect to Billet Cutting
1. Accurate Billet Length & Weight
e Ensure precise billet length and weight to provide adequate material for complete die filling.
o Use automated cutting machines to maintain consistency in billet dimensions.

/

Figure 7: Billet Size
2. Proper Cutting Method
o Use shearing or sawing methods that produce clean, burr-free edges to prevent stress concentration.
o Avoid excessive cutting force, which may induce microcracks in the billet edges.
3. Regular Blade/Machine Maintenance
¢ Maintain sharp cutting blades to prevent uneven or rough cuts that may cause defects.
o Periodically calibrate billet-cutting machines to ensure accuracy in dimensions.
4. Minimize Material Wastage & Variation
o Standardize the cutting tolerance to ensure uniform billet size and volume.
o Monitor billet dimensions using inspection tools like calipers and micrometers.
5. Proper Handling After Cutting
e Avoid dropping or stacking billets improperly, as this may create surface cracks.
o Store billets in a controlled environment to prevent oxidation and contamination before forging.
By implementing these corrective actions, underfill defects (due to insufficient material) and crack defects
(due to improper cutting stress) can be significantly reduced, leading to improved forging quality and
productivity.
3.4. Defect-wise analysis of Flange B in November 2024
After first remedial action, we have collected the defect wise data in month of November 2024 and it is tabulated
as below. The rejection is decreased from 8.6% to 5.7% after application of remedial actions. The defects like
excess grinding are man made defects, which will be reduced after proper training to persons. Table 4 shows the
Defect-wise analysis of Flange B (November 2024).
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Table 4: Defectwise quantity of Flange B

Defects Rejection qty
Underfill 3200
Crack 1100
Mismatch 800
Scale pit 432
Excess Grinding 520
Dent 344

The above table shows the rejection quantity of major defects.

Defects of AUMA Sa6 Housing
3300

3000

2500

2000

1500

1000

Underfill Crack Mismatch  Scale pit Excess Dent
Grinding

Figure 9: Defects in month of November 2024
The percentage of the defects is decreased compare to previous month but still the overall percentage is more in the
forging. Thus, we will go for why why analysis of the defects mentioned above.
3.5. Analysis of Defects by using Why Why analysis
3.5.1. Why Why analysis of Underfill Defects:

Underfill

WHY
Insufficient material flow into the die cavity

v

WHY
Improper billet size or incorrect billet weight

WHY
Variations in billet cutting

v

WHY
Incorrect cutting tool settings or worn-out cutting blades

v

WHY
Improver training to cutting machine oerators

Figure 10: Why why analysis of Underfill defect

Remedial Actions
Optimized Billet Size & Weight:

e Ensure precise billet cutting with calibrated cutting tools

¢ Regular inspection and replacement of worn-out cutting blades
Improved Heating Process:

e Standardize heating temperature and soaking time. Its is mentioned in table 2.

e Implement infrared thermometers for accurate temperature monitoring

o Use automated temperature control systems to avoid overheating/underheating
Enhanced Die Design & Process Parameters:

e Ensure proper preform design for better material flow. The upsetter gap should be reduced to 17 mm.

e Optimize press force and forging temperature. The flash gap is kept 2 mm for finisher and 2.5 mm for
blocker.

e Increase die lubrication to reduce friction and allow smooth material flow
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Preventive Maintenance & Quality Checks:
e Conduct regular die inspections to detect wear and misalignment
e Train operators to ensure process consistency and minimize errors

3.5.2. Why Why analysis of Crack Defects:

WHY
Overlapping of material

v

WHY
Improper Flash gap

v

WHY
Improper material flow

WHY
Sharp sections in forging or improper draft angles

WHY
Improper die design

Figure 11: Why why analysis of Underfill defect
Remedial Actions
Die Design Improvements
o Increase fillet radii in die design to reduce stress concentration.
o Use computer-aided simulations (FEA) to predict crack-prone areas.
Material Selection & Handling
o Use high-quality raw materials with good ductility and toughness.
o Ensure proper grain structure through controlled cooling.
Optimized Heating & Cooling
o Maintain correct billet temperature during forging to avoid thermal stress.
o Use thermocouples for accurate temperature monitoring.
Process Control & Maintenance
e Conduct regular inspections of dies and tools for wear and tear.
o Implement strict quality control measures at each forging stage.
Training & Awareness
e Train operators on optimal forging techniques to minimize crack defects.
e Conduct root cause analysis regularly to prevent reoccurrence.
3.6. Corrective actions:
1. Die Design Improvements
o Ensure smooth die contours to avoid sharp edges and stress concentration.
Increase fillet radii in die cavities to reduce crack formation.
Make provision for location of buster to avoid crack
Top die groove making to avoid stuck up at bottom

TJARSE
ISSN 2319 - 8354

Figure 12: Improvement in Die Figure 13: Billet location on blocker Figure 14: Groove in top die to reduce
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2. Proper Material Selection & Handling

o Use high-quality raw materials with sufficient ductility and strength.

e Ensure proper grain structure by controlling the cooling rate after forging.

e Avoid contaminated or substandard materials that can weaken the final product.

3. Optimized Heating & Temperature Control

e Maintain correct billet heating temperature to ensure proper metal flow. The details of the
e Use thermocouples and infrared sensors to monitor heating uniformity.

¢ Avoid overheating (which leads to cracks) and underheating (which causes underfill).
4. Process Control & Forging Parameters

e Ensure proper forging pressure and hammering force to prevent cracks.

o Use gradual deformation techniques instead of excessive force application.

¢ Maintain controlled lubrication to reduce friction and ensure even metal flow.

5. Regular Maintenance & Inspection

o Perform periodic die inspections to check for wear, misalignment, or damage.

o Replace or repair worn-out dies to maintain quality and consistency.

o Ensure proper die lubrication to prevent material sticking and flow issues.

6. Operator Training & Awareness

o Train workers on correct heating, positioning, and hammering techniques.

e Conduct regular defect analysis using tools like Ishikawa diagrams and Why-Why analysis.
e Promote a culture of quality control to identify and address defects early.

3.7. Defect-wise analysis of Flange B in December 2024

TJARSE

ISSN 2319 - 8354

After first remedial action, we have collected the defect wise data in month of December 2024 and it is tabulated as
below. The rejection is decreased from 8.6% to 2.8% after application of remedial actions. The excess grinding
defect is reduced by training the workers. The other defects decreased once we tried to maintain the other

parameters. Table 5 shows the Defect-wise analysis of Flange B (December 2024).
Table 5: Defectwise quantity of Flange B

Defects Rejection gty
Underfill 1100
Crack 800
Mismatch 735
Scale pit 322
Excess Grinding 59
Dent 135

The above table shows the rejection quantity of major defects.

Defects of AUMA Sa6 Housing
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Figure 15: Defects in month of December 2024

The percentage of the defects is decreased compare to previous month but still the overall percentage is more in the

forging. Thus, we will go for why why analysis of the defects mentioned above.
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Figure 16: Defectwise rejection in month of Oct, Nov and Dec 2024

1IV. CONCLUSION

The rejection analysis was conducted in Industry on Flange B forging component. The different quality tools were
used to find the root causes for major defects. Flange B was studied and analysed for almost three months. the
conclusions are as follow,

a) The final quality of forging depends on different process parameters throughout the whole process of the
Forging. The parameters like temperature, billet size, die coat spraying time, etc are responsible parameters in
Forging.

b) To identify root cause is a difficult task especially in forging process. Two quality tools, Ishikawa diagram and
Why why analysis was used in this work to find root cause for major defects. The corrective actions are suggested
for each defect.

¢) The Most contribution in rejection was of Underfill and Crack defect. After applying the remedies suggested the
rejection was reduced.

d) The total rejection of the all the defects was 8.6 %, in which contribution of Underfill was 4%, and Crack was
Crack 1.5 %, and remaining was other defects. After applying the corrective actions on the root cause of defect
analysed by Ishikawa tool, it was reduced upto 5.7 %, in which the contribution of Underfill was 2.8 % and crack
was 1%. Overall all rejection was below reduced by 2.9% hence this analysis and corrective actions taken were
correct.

e) To reduce the defects more the Why why analysis tool was used. The defects reduced upto 2.8%, in which the
contribution of Underfill was 1% and crack was 0.7%. Overall all rejection was below reduced by 2.9% hence this
analysis and corrective actions taken were correct.
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