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ABSTRACT: Pipe bending is a very essential manufacturing process that is effectively utilized in automobile,
construction, furniture, and plumbing industries. Most conventional methods of bending pipes have disadvantages as
they are labour-intensive, time-consuming, and plagued by inaccuracies. This paper presents the design, fabrication,
and testing of a hydraulic pipe bending machine that bends pipes with greater accuracy using less human effort and
with improved safety. The machine uses hydraulic power to generate the required bending force, hence appropriate for
small- and medium-scale industries. Design calculations, material selection, fabrication steps, and performance
evaluation are discussed. The developed system offers a cost-effective and efficient alternative to various manual
techniques being followed for bending the pipes.
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L. INTRODUCTION

Pipe bending is a fundamental manufacturing process widely used in industries such as automobile, aerospace,
construction, furniture, plumbing, refrigeration, and chemical processing. Pipes and tubes are often required in curved
shapes to accommodate space constraints, improve fluid flow efficiency, and enhance structural aesthetics. Accurate
bending of pipes without defects is therefore an important requirement in modern manufacturing systems.

Traditional pipe bending methods include manual bending, heat-assisted bending, and mechanical bending using simple
tools. These methods are generally time-consuming, require skilled labour, and often result in defects such as wrinkling,
ovality, thinning, or cracking of the pipe material. Moreover, manual bending involves high physical effort and poses
safety risks to operators, especially when bending pipes of larger diameters or higher strength materials.

In recent years, hydraulic systems have gained significant importance in manufacturing applications due to their ability
to generate large forces with precise control and minimal human effort. Hydraulic pipe bending machines operate on
the principle of Pascal’s law, which enables efficient transmission of force through an incompressible fluid. By
utilizing hydraulic power, consistent and repeatable bending operations can be achieved while maintaining dimensional
accuracy and surface quality of the pipe.

Commercial hydraulic pipe bending machines available in the market are often expensive and designed for high-
volume industrial production. Such machines may not be economically feasible for small-scale industries, repair
workshops, or educational institutions. This creates a need for a cost-effective, compact, and easy-to-operate hydraulic
pipe bending machine that can meet moderate production requirements without compromising performance or safety.

The present work focuses on the design and fabrication of a hydraulic pipe bending machine suitable for small and
medium-scale applications. Emphasis is placed on simplicity of design, use of locally available materials, ease of
fabrication, and operational safety. The machine is designed to reduce manual effort, improve bending accuracy, and
minimize material wastage. This research also aims to provide a practical understanding of hydraulic system design and
fabrication techniques, making it useful for both industrial and academic purposes.
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II. LITERATURE REVIEW

Extensive research has been carried out on the design, analysis, and fabrication of pipe bending machines using
manual, mechanical, and hydraulic systems. The most relevant contributions from previous researchers are
reviewed below.

Raghuwanshi (2014) discussed various metal forming processes, including pipe and tube bending. The author
identified common bending defects such as wrinkling, ovality, and spring-back, emphasizing the importance of
controlled force application to achieve accurate bends.

Bhandari (2010) provided comprehensive guidelines for the design of machine elements subjected to bending,
compression, and shear loads. The concepts presented are useful for designing the structural frame and load-
bearing components of hydraulic pipe bending machines.

Majumdar (2006) explained the principles and applications of hydraulic systems, including hydraulic jacks,
cylinders, and valves. The author highlighted the advantages of hydraulics in producing large forces with compact
mechanisms, making them ideal for metal forming operations.

Khurmi and Gupta (2005) discussed bending theory, stress analysis, and safety factors in machine design. Their
work helps in understanding force calculations and material selection required for safe and reliable machine
operation.

Patel, Shah, and Mehta (2017) designed a manually operated pipe bending machine for small-scale industries.
Their study concluded that while manual machines are economical, they require high operator effort and lack
repeatability and precision.

Sharma and Singh (2018) developed a hydraulic pipe bending machine using a bottle jack mechanism. Their
results showed a significant reduction in manual effort and improved bending accuracy when compared to manual
bending methods.

Kamble, Patil, and Kulkarni (2019) conducted design and structural analysis of a low-cost hydraulic pipe bending
machine. Finite element analysis was used to evaluate stress distribution in the frame, ensuring structural safety
and durability.

Deshmukh and Patil (2020) evaluated the performance of semi-automatic hydraulic pipe bending machines. Their
research highlighted improved repeatability, reduced material wastage, and the importance of proper die design for
uniform bending.

Raut, Patil, and More (2016) focused on the fabrication and testing of a workshop-based hydraulic pipe bending
machine. The authors emphasized correct alignment of rollers and dies to minimize pipe deformation.

Suresh and Kumar (2018) experimentally studied the bending behaviour of mild steel and aluminum pipes using
hydraulic mechanisms. Their findings indicated that hydraulic bending produces smoother curvature with reduced
spring-back.

Jadhav, Kulkarni, and Desai (2021) presented a comparative analysis of manual, mechanical, and hydraulic pipe
bending machines. The study concluded that hydraulic machines offer superior productivity, safety, and
dimensional accuracy.

Verma and Yadav (2022) performed structural analysis of a hydraulic pipe bending machine frame using finite
element methods. Their results confirmed that mild steel frames with appropriate safety factors can withstand

bending loads effectively.

From the literature survey, it is evident that hydraulic pipe bending machines provide improved accuracy, reduced
human effort, and better safety compared to conventional methods. However, many existing designs are either
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costly or complex, highlighting the need for a simple, economical, and efficient hydraulic pipe bending machine,
which is the focus of the present work.

III. METHODOLOGY

The methodology adopted for the design and fabrication of the hydraulic pipe bending machine is divided into
systematic stages to ensure efficiency, safety, and accuracy. The overall approach includes problem identification,
design calculations, material selection, fabrication, assembly, and performance testing.

1. Problem Identification and Requirement Analysis

The first step involved studying existing pipe bending methods and identifying their limitations, such as high manual
effort, lack of precision, and safety concerns. Based on the literature survey and practical requirements of small-scale
industries, key design requirements were defined. These included the ability to bend mild steel pipes of small to
medium diameters, compact machine size, low manufacturing cost, and ease of operation.

2. Conceptual Design

A conceptual design of the hydraulic pipe bending machine was developed based on functional requirements. The
machine was designed to operate using a hydraulic jack mechanism, where hydraulic force is applied to bend the pipe
around a fixed die with the help of rollers. Different design concepts were evaluated, and the most suitable
configuration was selected based on simplicity, reliability, and ease of fabrication.

3. Design Calculations

Design calculations were carried out to determine the required bending force based on pipe material properties,
diameter, wall thickness, and bend radius. Using bending theory, the force required to plastically deform the pipe was
estimated. Based on this calculation, a suitable hydraulic jack capacity was selected. Structural calculations were also
performed to design the frame, ensuring that it could withstand applied loads with an adequate factor of safety.

4. Selection of Materials and Components

Materials were selected based on strength, availability, cost, and ease of fabrication. Mild steel was chosen for the
frame and base plate due to its good strength and weldability. Hardened steel was used for the bending die and rollers
to resist wear. Standard hydraulic components such as the hydraulic jack were selected based on load capacity and
reliability.

5. Fabrication Process

The fabrication process began with cutting mild steel sections according to design dimensions. The frame was
assembled and welded to form a rigid structure. Machining operations were performed to manufacture the bending die
and rollers with precise dimensions. The hydraulic jack was mounted securely on the frame, and all components were
aligned to ensure smooth operation.

6. Assembly of the Machine

All fabricated components were assembled systematically. The bending die and rollers were mounted on the frame,
followed by installation of the hydraulic jack and return mechanism. Proper alignment was ensured to avoid uneven
bending and excessive wear. Fasteners and welded joints were inspected for structural integrity.

7. Testing and Performance Evaluation

After assembly, the machine was tested using pipes of different diameters and materials. Bending angle, bend quality,
and operator effort were observed and recorded. The machine’s performance was evaluated in terms of bending
accuracy, repeatability, safety, and ease of operation. Any deviations or issues observed during testing were corrected
through minor design adjustments.
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IV.PARTS OF HYDRAULLIC BENDING MACHINE

Hydraulic cylinders
Design

Branch pipe

Cylinder tube | m Nut
’ - ‘,

Rod bearing band
O ring

Cap
Piston bearing band
Rod seal
Z Piston seal
Wiper S ‘ Washer
Piston rod

I. (Hydraullic cylinder))

A hydraulic cylinder consists of the following parts:

1) Cylinder barrel: The cylinder barrel is mostly a seamless thick-walled forged pipe that must be machined internally.
The cylinder barrel is ground and/or honed internally.

2) Cylinder Bottom or Cap: In most hydraulic cylinders, the barrel and the bottom portion are welded together. This
can damage the inside of the barrel if done poorly. Therefore, some cylinder designs have a screwed or flanged
connection from the cylinder end cap to the barrel. In this type, the barrel can be disassembled and repaired in future.

3) Cylinder Head :The cylinder head is sometimes connected to the barrel with a sort of a simple lock (for simple
cylinders). In general, however, the connection is screwed or flanged. Flange connections are the best, but also the most
expensive. A flange has to be welded to the pipe before machining. The advantage is that the connection is bolted and
always simple to remove. For larger cylinder sizes, the disconnection of a screw with a diameter of 300 to 600 mm is a
huge problem as well as the alignment during mounting.

4) Piston :The piston is a short, cylinder-shaped metal component that separates the two sides of the cylinder barrel
internally. The piston is usually machined with grooves to fit elastomeric or metal seals. These seals are often O-rings,
U-cups, or cast iron rings. They prevent the pressurized hydraulic oil from passing by the piston to the chamber on the
opposite side. This difference in pressure between the two sides of the piston causes the cylinder to extend and retract.
Piston seals vary in design and material according to the pressure and temperature requirements that the cylinder will
see in service. Generally speaking, elastomeric seals made from nitrile rubber or other materials are best in lower
temperature environments while seals made of Viton are better for higher temperatures. The best seals for high
temperature are cast iron piston rings.

5) Piston Rod: The piston rod is typically a hard chrome-plated piece of cold-rolled steel which attaches to the piston
and extends from the cylinder through the rod-end head. In double rod-end cylinders, the actuator has a rod extending
from both sides of the piston and out both ends of the barrel. The piston rod connects the hydraulic actuator to the
machine component doing the work. This connection can be in the form of a machine thread or a mounting attachment
such as a rod-clevis or rod-eye. These mounting attachments can be threaded or welded to the piston rod or, in some
cases, they are a machined part of the rod-end.

6) Rod Gland: The cylinder head is fitted with seals to prevent the pressurized oil from leaking past the interface
between the rod and the head. This area is called the rod gland. It often has another seal called a rod wiper which
prevents contaminants from entering the cylinder when the extended rod retracts back into the cylinder. The rod gland
also has a rod bearing. This bearing supports the weight of the piston rod and guides it as it passes back and forth
through the rod gland. In some cases, especially in small hydraulic cylinders, the rod gland and the rod bearing are
made from a single integral machined part.
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V.MATERIAL SELECTION

Material selection plays a crucial role in ensuring the strength, durability, safety, and cost-effectiveness of the hydraulic
pipe bending machine. The materials were selected based on mechanical properties, availability, manufacturability, and
economic considerations.

Mild steel was selected for the machine frame and base plate due to its high strength, good weldability, and low cost. It
is capable of withstanding high bending and compressive loads generated during operation. Mild steel also provides
sufficient rigidity and stability to the structure.

Hardened steel was used for the bending die because it experiences direct contact with the pipe and is subjected to high
compressive and frictional forces. The hardness and wear resistance of hardened steel help maintain the die shape and
ensure uniform bending over repeated operations.

Alloy steel was chosen for the rollers as they are required to rotate smoothly while supporting the pipe during bending.
Alloy steel offers good toughness, wear resistance, and fatigue strength, ensuring long service life.

Standard hydraulic components such as the hydraulic jack were selected based on load capacity and reliability.
Commercially available hydraulic jacks were preferred to reduce manufacturing cost and simplify maintenance.

VI. DESIGN OF PROJECT

Design calculations were performed to estimate the force required to bend the pipe and to ensure the structural safety of
the machine. The bending force mainly depends on pipe material, outer diameter, wall thickness, and bending radius.
The bending stress in the pipe was calculated using bending theory. The force required to cause plastic deformation was
estimated based on the yield strength of the pipe material. Using this force, a suitable hydraulic jack capacity was
selected with an adequate factor of safety.

Structural calculations were also carried out for the frame to ensure that it could safely withstand the applied load
without failure. Bending and compressive stresses in the frame members were calculated, and standard design
equations were used to select appropriate cross-sectional dimensions.

A factor of safety was incorporated in all calculations to account for uncertainties in loading conditions and material
properties. The calculated values confirmed that the selected materials and components were sufficient to ensure safe
and reliable operation of the hydraulic pipe bending machine.

|

(Hydraullic pipe bendinmg machine)
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VII. ADVANTAGES & DISADVANTAGES

Advantages

1. High Precision and Accuracy — Hydraulic systems allow for consistent bending angles with minimal error,
making the machine suitable for industrial applications.

2. Capability to Bend Thick Pipes — Hydraulic pressure provides enough force to bend thick or high-strength pipes
that manual or mechanical machines cannot handle.

3. Adjustable Speed and Force — The operator can control the bending speed and pressure according to pipe
material and thickness.

4. Less Physical Effort — Compared to manual bending, the hydraulic system significantly reduces operator fatigue.

Versatility — The machine can bend different diameters and types of pipes with minor adjustments.

6. Durability — Hydraulic systems tend to have long service lives when properly maintained.

(9]

Disadvantages

1. High Initial Cost — Designing and fabricating a hydraulic pipe bending machine requires more investment than
manual or mechanical alternatives.

2. Maintenance Requirement — Hydraulic systems require regular maintenance, including fluid checks, leak
detection, and filter replacements.

3. Complexity — Operating and troubleshooting hydraulic systems requires skilled operators.

Power Dependency — The machine requires a continuous power source to operate, unlike purely manual machines.

5. Safety Risks — High hydraulic pressures can be dangerous if not properly managed, requiring safety mechanisms
and operator training.

b

VII.CONCLUSION

The design and fabrication of a hydraulic pipe bending machine provide an efficient, precise, and versatile solution for
bending pipes of various diameters and materials. Through the study, it was observed that the hydraulic mechanism
significantly reduces manual effort while delivering consistent bending angles and high-quality results. The machine’s
adjustable pressure and speed make it suitable for a wide range of industrial applications, from plumbing to structural
fabrication.

The research highlights that, although the initial cost and maintenance requirements are higher than manual machines,
the advantages in terms of accuracy, productivity, and operator safety outweigh the drawbacks. Proper design
considerations, including hydraulic force calculations, bending radius, and material selection, ensure optimal
performance and longevity of the machine.

Overall, the hydraulic pipe bending machine proves to be a reliable and practical tool for industries requiring precise
and heavy-duty pipe bending, demonstrating the potential for further improvements, such as automation and digital
control, in future developments.
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