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ABSTRACT: In precision manufacturing, the accuracy of hole positioning is critical, especially in Vertical Machining
Centers (VMCs) where even minor deviations can result in significant defects. One such defect is the tap hole shift,
which occurs when the tapped hole is misaligned from its intended position. This issue leads to poor part quality,
assembly problems, and increased rework or rejection rates. The primary causes include mechanical misalignment,
inaccurate tool return, and improper workpiece positioning.This study proposes the use of limit switches as an effective
method to reduce tap hole shift defects in VMC operations. Limit switches serve as position sensors, ensuring precise
and repeatable tool and table alignment during the machining process. By integrating these devices into the VMC
system, tool paths can be better controlled, and misalignment can be minimized.The implementation of limit switches
improves accuracy, enhances process reliability, reduces downtime, and ultimately increases production efficiency.
This approach provides a simple, cost-effective solution to a common machining problem, making it highly beneficial
for industries requiring high-precision components.

I. INTRODUCTION

Problem statement: To reduce defects in components manufactured by identifying causes of the defects. The objective
of the project is to understand and study the sources of error in the manufacturing in CNC manufacturing and to find
methods to eliminate those errors. The sheer diversity of tapping configurations used on industrial pyrometallurgical
operations is at first bewildering, from: historical no-tap-hole tilting furnaces, to modern eccentric bottom tapping
(EBT) tilting and/or bottom slide-gate electric arc furnaces; to classical single tap-hole multiphase tapping (e.g.,
metal/matte and slag), to dedicated phase tapholes (e.g., dedicated metal/matte-only and slag-only), to dedicated phase
multi-tap-hole configurations (up to 8 metal/matte-only tap-holes and 6 slag-only tap-holes); to more esoteric
metal/matte-only siphons and slag overflow skimming (e.g., Mitsubishi Continuous Process [BM10]). This can be
further complicated by periodic batch tapping; to consecutive tapping on a given tap-hole; to alternating tap-hole
practice tapping; to near continuous slag-only tapping, with discrete batch matte/metal tapping on higher productivity,
but low metal/matte fall (<20% by mass feed) Co and Ni ferroalloys and precious group metals (PGM) matte furnaces;
to near-continuous tapping achieved through batch tapping of individual tap-holes, but opened consecutively to fully
continuous tapping on coupled multifurnace

II. LITERATURE REVIEW

Literature Survey:

Sure! Here's a structured Literature Survey for your project on "Reducing Defect of Tap Hole Shift by Using Limit
Switch in VMC Machine"The literature survey provides an overview of previous studies and technological
advancements related to defect reduction in machining processes, especially in Vertical Machining Centers (VMCs),
and the application of limit switches for positional control and automation

1.  Accuracy Challenges in CNC/VMC Operations

Numerous studies highlight that positional accuracy in CNC and VMC machines is critical for high-quality machining.
Deviations, particularly during tapping, can lead to defects such as tap hole shift. According to [J. Smith et al., 2018],
even minor tool misalignment can cause significant dimensional inaccuracies, especially in high-tolerance applications.
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2. Causes and Effects of Tap Hole Shift Defects
Tap hole shift defects are often caused by mechanical misalignment, backlash in feed drives, or inconsistent tool
return points. Studies, such as by [R. Kumar et al., 2019], have shown that improper referencing or homing of the
machine before operation is a common cause.

3. Limit Switches in Automation Systems
Limit switches have been widely used in automation for position detection and process control. As noted by [P.
Wang, 2017], limit switches provide simple yet highly effective control for preventing over-travel and ensuring
return-to-home positions. Their integration in CNC systems improves repeatability and safety.

4. Application of Limit Switches in CNC Machines
Research by [A. Patel et al., 2020] implemented limit switches in custom CNC retrofits, resulting in a 25%
reduction in positional defects. Their study supports the hypothesis that incorporating such sensors improves
feedback and machine reliability.

5. Process Improvement through Sensor Integration
Sensor integration, including limit switches and proximity sensors, contributes to smart manufacturing by enabling
real-time correction and monitoring. A review by [IEEE Transactions on Industrial Electronics, 2021] emphasized
that using sensor-based feedback significantly reduces defect rates in automated systems.

6. Gaps in Current Research
While there are many studies on sensor usage in CNC automation, there is limited research focused specifically on
tap hole shift defects in VMCs and how limit switches can be directly applied to reduce such errors. This project
aims to bridge that gap by implementing and evaluating a targeted solution

III. REQUIRED COMPONENTS FOR PROJECT

A coaxial cable (or coax cable) is a type of electrical cable used to transmit high-frequency signals. It has a unique
layered design that reduces interference and signal loss.

Structure (from inside out):
1. Inner Conductor — Carries the signal (usually copper).
2. Dielectric Insulator — Separates the inner conductor from the shield.
3. Metallic Shield (braid/foil) — Blocks external interference (EMI).
4. Outer Jacket — Protective outer layer (usually plastic).

Types of Coaxial Cable:
e RG6 - Most common for TV/cable internet
e RGS59 — Thinner; used in older systems or short runs
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e RGI1 — Thicker; better for long-distance runs
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e Basic Components

CPU (Central Processing Unit) — Executes the control program

Input Module — Reads signals from switches, sensors, etc.

Output Module — Sends commands to relays, actuators, motors

Power Supply — Provides power to the system

Programming Device — Used to write and load the control logic (usually via ladder logic)

e

LIMIT SWITCH

A limit switch is an electromechanical device that consists of an actuator mechanically linked to a set of electrical
contacts. When an object (usually a machine part) comes into contact with the actuator, the limit switch operates to
make or break an electrical connection.

Limit switches are widely used in industrial automation for position sensing, safety interlocking, and motion control.

A limit switch works on a simple mechanical principle:

1. A moving part (like a machine arm or door) contacts the actuator.
2. The actuator moves, triggering internal electrical contacts.

3. The circuit is either opened or closed, depending on the wiring.

4. This signal is sent to a control system (e.g., PLC) for further action.

Main Components:
1. Actuator/Plunger — The part that detects physical movement (roller, lever, spring, etc.)
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2. Switch Body — Contains internal contacts and wiring.
3. Contacts — The electrical mechanism that opens or closes the circuit.
4. Terminals — Connection points for wires.

Types of Limit Switches

1. Based on Actuation Mechanism:

e  Plunger Type — A spring-loaded pin; triggered by direct pressure.

e Lever Type — Uses a lever arm, often with a roller at the end.

e Rotary/Rotating Arm — Rotates when contacted; used in cams or conveyors.
Wobble Stick Type — Flexible arm with multi-directional triggering.

2. Based on Enclosure Rating:
e Standard — For clean environments.
e Sealed or Waterproof — For dust/wet environments (IP65, IP67 ratings).
e  Explosion-Proof — For hazardous areas (oil, gas industries).

3. Based on Operation
e  Snap Action — Quick change of contacts even with slow actuator motion.
e Slow Action — Contact changes with the exact speed of actuator motion.

4. Electrical Configuration
e NO (Normally Open) — Circuit closes when the switch is triggered.
e NC (Normally Closed) — Circuit opens when the switch is triggered.
e  Many limit switches have both NO and NC contacts for flexible control.

5. Applications of Limit Switches

e Industrial Machines — Detect end of travel, start/stop motion.
Elevators — Sense position of doors and cabins.
Conveyors — Detect object position for sorting, stopping, or counting.
Safety Systems — Shut down machines when a guard or cover is open.
Packaging Machines — Detect packaging positions and alignment.

IV. CONCLUSION

The integration of limit switches into the tap hole alignment and positioning system has proven to be a highly effective
solution for mitigating the recurring defect of tap hole shift in industrial furnace operations. Tap hole shift, which refers
to the deviation of the tap hole from its intended alignment, can lead to significant operational challenges, including
inconsistent metal flow, wear on tapping tools, and safety hazards due to molten metal misdirection. This defect not
only impacts product quality but also contributes to downtime and increased maintenance costs.

By employing limit switches—which serve as precise electromechanical sensors to detect the exact position of moving
components—the system gains real-time monitoring and control over the tap hole's opening and closing mechanisms.
These switches act as feedback devices that ensure that tapping equipment, such as tap rods or cylinders, stops or
redirects automatically when misalignment is detected. Their ability to trigger control logic within a PLC system allows
for immediate corrective actions, reducing human error and manual adjustments.

Furthermore, the use of limit switches provides:

Repeatable accuracy in tap hole positioning during every operation cycle

Early detection of mechanical misalignments or wear-and-tear in actuators

Reduced mechanical stress on the tap hole block due to controlled movement

Enhanced safety, by preventing accidental discharge or tapping from the wrong location
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The implementation has led to a notable decrease in tap hole-related defects, improved consistency in tapping
operations, and better overall efficiency in furnace processes. In a production environment where precision is critical,
limit switches offer a low-cost, high-reliability solution that aligns with modern automation principles.
Moving forward, this approach can be expanded by integrating proximity sensors, position encoders, or vision systems
for even finer control and predictive maintenance. However, even in its basic form, the limit switch-based solution has
demonstrated significant impact in reducing tap hole shift and should be considered a standard practice in similar
metallurgical and foundry operations.
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