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Abstract

This paper introduces a hydraulic circuit designed specifically for a four-sided shaper machine, featuring two double-acting
cylinders in synchronized operation. Powered by a dual-pump system, the circuit includes an automatic mechanism to achieve
continuous reciprocation, enabling precise and coordinated movement of the cylinders. This setup enhances shaping accuracy and
significantly reduces operation time. The design emphasizes efficient fluid control and a compact structure, optimizing workflows
for increased productivity in shaping applications. Tailored for shaping tasks in various manufacturing contexts, this circuit offers
a practical and versatile solution for industrial operations. The study details the circuit’s schematic layout, functionality, and
operational benefits, providing a foundation for practical application and potential advancements in hydraulic-driven shaping
systems.
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1. Introduction

The need for precise and efficient shaping methods in industrial settings has driven the development of specialized
hydraulic circuits for machining operations. Shaper machines are essential for producing accurate linear cuts and are widely
used across manufacturing. However, traditional shaper machines, often limited to single-direction shaping, can be time-
consuming when multiple sides of a workpiece require shaping. To improve efficiency, this paper presents a four-sided
shaper machine driven by a hydraulic circuit designed to reduce processing time.

The focus of this study is a hydraulic circuit for a four-sided shaper machine, utilizing two double-acting cylinders
and a dual-pump system. The circuit incorporates an automatic mechanism for reciprocation, allowing synchronized
movement of the cylinders for precise shaping. This automatic circuit enables continuous reciprocation without manual
control, simplifying the process and reducing time for multi-directional shaping tasks.

This paper provides an overview of the circuit’s design, main components, and operation, highlighting its practical
use in shaping applications. Additionally, the study discusses the advantages of this design in various manufacturing
scenarios, presenting a practical solution for enhancing conventional shaping systems.

2. Design and Components of the Hydraulic Circuit
This section outlines the key components of the hydraulic circuit designed for a four-sided shaper machine, detailing the
function of each component and its role in enabling efficient, automatic reciprocation for synchronized shaping tasks.

Overview of the Hydraulic Circuit Design
The hydraulic circuit is designed to enable the continuous, automated reciprocating motion necessary for a four-
sided shaper machine. Utilizing a dual-pump system alongside two double-acting cylinders, the circuit provides efficient
control over both forward and return strokes of the shaping process. This configuration supports high-speed operation with
minimal manual control, meeting industrial automation standards to improve productivity.
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Key Components and Their Functions
1. Double-Acting Cylinder
The double-acting cylinders serve as the primary actuators within the hydraulic circuit, delivering the
essential reciprocating motion for the shaping process. Each cylinder enables bidirectional movement, with
hydraulic fluid alternately driving the piston for both forward and return strokes. This feature is crucial for the
four-sided shaping operation, ensuring consistent and smooth motion throughout each cycle.

2. Dual Pump Mechanism[1]
The circuit incorporates a dual-pump system, managing distinct flow rates during the shaping cycle.
One pump provides the high flow rate required for the return stroke, accelerating this phase and reducing overall
cycle time, while the second pump supplies a controlled flow for the forward stroke, allowing for precise shaping.
This dual-pump arrangement optimizes efficiency by enhancing speed for non-cutting motions while ensuring
control during the shaping phase.

3. Automatic Reciprocating Circuit[1]

The automatic reciprocating circuit enables continuous operation without manual intervention,
maintaining a steady sequence of forward and return strokes to improve workflow efficiency. This automatic
functionality is especially valuable in industrial settings requiring constant operation, minimizing downtime and
labor requirements.

4. Synchronous Circuit[1]

The synchronous circuit is integral to the design, ensuring coordinated operation of the two double-
acting cylinders. By synchronizing the movements, this circuit maintains consistent alignment between the
cylinders, which is essential for precise and uniform shaping across all sides. This synchronization is vital for
achieving the accuracy and efficiency required in complex, multi-sided shaping tasks.

5. Control Valves
Control valves manage the direction and pressure of hydraulic fluid within the circuit. They play a
crucial role in directing flow to either side of the double-acting cylinders, enabling alternating forward and return
strokes. Pressure-relief valves may also be included to prevent over-pressurization, ensuring safe and stable
operation.

Flow and Pressure Regulation

The hydraulic circuit is designed with optimized flow and pressure regulation to ensure consistent and reliable
performance. Flow control valves manage the speed of each stroke according to specific operational needs, while pressure
regulation devices prevent fluctuations that might affect shaping accuracy or cause mechanical wear. This regulation
enhances productivity and extends the machine’s lifespan by minimizing stress on components during intensive shaping
cycles.

3. Circuit Diagram
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Figure 1: Circuit Diagram
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4. Working
(i) At position ‘N’ of DCV
In this spring-centered, neutral position of the 4/3 DCV, both pumps are set to unload, allowing their
entire flow to return directly to the tank.

(ii) At position ‘P1’ of DCV

In this position, fluid from the high-flow, low-pressure pump flows to the right side of both the double-
acting cylinder, causing the cylinder to extend leftward at an accelerated rate. As the shaping tools at both ends
of the cylinder rods make contact with the material, pressure builds up, triggering the unloading valve, which
unloads the low-pressure pump. This allows only the high-pressure, low-flow pump to engage, facilitating the
shaping operation. Once the cylinder reaches full extension, pressure builds in sequence valve 2, causing it to
open and generate a pilot signal (pressure). The check valve prevents the DCV from shifting to position P2 until
the extension stroke is fully complete, at which point the pilot signal enables the DCV to shift to position P2.

(iii) At position ‘P2’ of DCV

In this position, fluid from the high-flow, low-pressure pump flows to the left side of both the double-
acting cylinder, causing it to retract rightward at an increased speed. Since the shaping tools at both ends of the
cylinder rods are not in contact with the material, pressure does not build up, leaving the unloading valve closed.
As a result, only the high-flow, low-pressure pump supplies flow. Once the cylinder reaches full retraction,
pressure builds in sequence valve 1, causing it to open and generate a pilot signal (pressure). The check valve
prevents the DCV from shifting back to position P1 until the retraction stroke is fully complete, at which point
the pilot signal enables the DCV to shift to position P1 and the sequence continues.

5. Application
Automated Shaping and Machining

This hydraulic circuit is specifically designed for shaping tasks that demand continuous, precise cutting. The automatic
reciprocation function enables smooth and uninterrupted operation, greatly minimizing downtime and reducing the need for
manual involvement.

Metalworking and Fabrication

Industries involved in metal fabrication, including automotive, aerospace, and heavy machinery manufacturing, can
gain productivity advantages from this circuit. Its efficient design boosts the speed and consistency of shaping processes,
making it well-suited for fabricating metal components with improved accuracy.

6. Conclusion

The hydraulic circuit designed for a four-sided shaper machine showcases considerable potential to improve
efficiency, precision, and automation in industrial shaping applications. With its dual-pump system and automatic reciprocating
circuit, this design enables continuous, high-precision shaping, reducing downtime and minimizing manual intervention.
Additionally, the circuit's ability to handle high-volume production lines with quick cycle times and consistent quality makes
it well-suited for large-scale manufacturing needs. Overall, this hydraulic circuit provides a versatile, reliable, and efficient
solution tailored to meet the demands of modern industrial shaping processes.
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