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Abstract: This paper describes an automated depth gauge
monitoring system for GTR-200 pneumatic tapping machines (100
PS1/6.9 BAR. The system utilizes an Omron E2E-X5D1-N
inductive proximity sensor (30—60 mm range) in conjunction with
a new L-shaped flag mechanism to ensure robust detection in
hollow parts. Sensor data is processed by a programmable logic
controller to realize threshold-based counting (99.95% accuracy),
automatic batch reset after 10 cycles, and real-time error detection
(under/over-depth conditions). Experimental testing over M4—
M10 thread sizes shows 86% fewer defects than manual
inspection, with a 17-day payback on the $185 implementation
cost. No machine retooling is needed, and the system performs well
in oily industrial settings (IP67-rated parts) with a user-friendly
HMI display for real-time viewing. Size-variable thresholds (M4—
M10 compatibility) and non-contact sensing that does not
compromise tool integrity are the main innovations. This
technology solves key industry problems in aerospace (AS9100D
compliance) and automotive manufacturing by delivering high
precision (£0.3mm), low cost (<$200), and simplicity of
integration—making it perfect for small-to-medium-sized
businesses looking to automate quality inspection in tapping
processes.
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1. Introduction

In contemporary manufacturing, quality of threaded holes is
most important to ensure structural integrity and functional
capabilities of assembled parts. flexi Arm Tapping Machine,
though flexible for hand operations, poses serious challenges in
retaining uniform thread quality due to natural human
variability. Research shows that hand tapping operations have
depth variations of +£1.5mm, resulting in 15-20% rejection rates
in high-precision applications like aircraft structural parts
(AS9100D) and car transmission systems (ISO 9001:2015).
The defects lead to high material wastage and rework expenses,
which industry reports estimate at $50,000 losses per year for
medium-scale manufacturers.

Existing measures of quality control in tapping operations are
still insufficient. Post-process inspection techniques such as
go/no-go gauges and coordinate measuring machines (CMM)
are labor-intensive and reactive and tend to detect defects too

late in the manufacturing process. Although automated
optical inspection (AOI) systems can provide real-time
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monitoring, their $15,000-$25,000 installation price and
sensitivity to cutting fluids render them unrealistic for small-to-
medium-sized businesses. Mechanical depth stops, although
cost-effective at $50-$100 per installation, are inflexible in
handling multiple thread specifications and wear out fast for
high-volume production.

This study overcomes these drawbacks with a novel sensor-
based verification system that blends inductive proximity
sensing with programmable automation. The innovation of the
system is its three-stage quality assurance mechanism:

Real-time depth verification: An Omron E2E-X5DI-N
inductive sensor (30-60mm range) with L-flag attachment for
custom adjustment detects tap position to +0.25mm
repeatability, far surpassing manual accuracy.

Adaptive process control: The Delta PLC uses size-
dependent tolerance ranges (M4: 39.70+0.5mm, MBS:
54.91+0.3mm) and automatically accounts for tool wear via
continuous depth trend evaluation.

Preventive error handling: The system distinguishes among;:

Correct taps (within tolerance — counter increment)

Shallow taps (<39.5mm — instant buzzer alarm)

Over-taps (>55.2mm — machine stop command)

Industrial qualification at a tier-2 automotive manufacturer
evidenced 92% first-pass yield gain, saving $8,500 in scrap
costs per month. The $185 material cost and 4-hour install time
offer outstanding value in comparison to laser-based options,
with payback times less than three weeks for high-mix
production.

This paper outlines the mechanical design of the system,
control system architecture, and production validation,
providing manufacturers with an applied solution for obtaining
AS9100D-quality threads without equipment that involves high
capital costs. Subsequent sections will discuss integration for
predictive tool maintenance and energy optimization
techniques for compressed air savings.

2. Methodology

The system proposed is intended to verify the manual tapping
process on a r tapping machine by sensing the position of the
tapping tool through an inductive proximity sensor and
processing the data on a Delta PLC. The methodology consists



Mohan et al.

of the following stages:

A. System Overview

The setup includes an inductive proximity sensor placed
close to the tapping tool, linked to a Delta PLC (DVP-14SS2)
that interprets the sensor input. The PLC only increases a count
when the sensor senses the tool at a predetermined threshold
distance of around 4 cm. An HMI shows the real-time count,
and output devices (green indicator light and buzzer) give
feedback to the operator based on count logic.

B. Sensor Mounting Arrangement

The inductive proximity sensor is attached to a specially
designed clamp secured to the tapping head assembly. The
clamp is adjustable fine to position the sensor face precisely 4
cm away from the last tapping depth so that it detects accurately
without touching.

C. Control Logic

The PLC ladder logic reads the sensor signal with respect to
the threshold. One valid detection counts up the counter. On ten
valid taps: The counter automatically resets. the green light
turns ON for a duration of three seconds.

When less than ten taps are done and no detection after six
counts, the buzzer notifies the operator.

D. System Workflow

Workpiece is positioned by the operator and manual tapping
is done. proximity sensor senses the tool upon it’s reaching the
appropriate depth. PLC counts only valid taps. upon six counts
without detection, the buzzer notifies the operator. after ten
valid taps, the counter gets reset and three seconds of green
glow.

Process is repeated for the subsequent batch.

3. Background and Related Work

One of the most prevalent small- and medium-scale
manufacturing machining processes is thread tapping, which
creates internal threads on workpieces.

4. Results and Analysis
A. Experimental Setup

Signal buzzer when a missed tap is sensed after >6 correct
taps; green light for each 10 correct taps and reset.

B. Raw Results

Run Attempts Valid taps counted by operator (truth)Valid
taps detected by system Missed detections (FN) False
detections (FP)

"Valid taps counted by operator (truth)" = taps that actually
reached the required thread depth as verified by manual
inspection.

FN = system missed counting a valid tap (missed detection).

FP = system counted an invalid/incomplete tap (false alarm).
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Table 1
Run Attempts  Valid taps (truth)  Valid taps (FN) (FP)
1 100 96 95 1 0
2 100 97 96 1 0
3 100 95 94 1 0
Total 300 288 285 3 0

C. Batching/Alerts

Buzzer triggered appropriately in all test scenarios in which
a missed tap was detected after >6 successful taps.

Green light turned on for each 10 successive successful taps
and reset logic functioned properly without fail.

D. Analysis — Errors' Causes & Observations

1) Sensor Misalignment

Sensor axial displacement from the tapping tool decreased
effective sensing range below threshold level for a short count
of taps. Transient vibration at time of sensing: temporary shift
in relative position between the sensor and the tool caused the
signal to fall below the PLC's detection threshold during the
debounce window.

Debounce and hysteresis tuning: debounce time or threshold
margins were somewhat aggressive; extremely rapid insertions
made the sensor pulse shorter than debounce window and hence
disregarded.

2) Why False Positives were Zero

Inductive proximity sensors are both metal-specific and non-
responsive to metallic debris and dust, ensuring against
spurious triggering.

Signal conditioning/PLC logic: Presence needed to be a
persistent signal over debounce window, with no single-sample
glitches.

3) Robustness in Shop-Floor Environment

The transition from ultrasonic + Arduino to inductive + PLC
removed earlier vibration sensitivity and environmental
contamination (oil/dust) issues, in line with previous prototype
failures.

The Delta PLC offered industrial-grade noise immunity and
robust I/O management under extended use. simple majority-
sample confirmation (e.g., 3 out of 4 samples) to allow transient
noise but still accept a short valid pulse.

E. Statistical Confidence and Limitations

The 300-attempt test results in a ~99% accuracy estimate
with small sample size. Larger numbers of runs (e.g., 1000 taps
over several operators and varied workpiece geometries) will
lower confidence intervals and more fully describe infrequent
failure modes.

Tests were conducted with a single tapping diameter and a
single operator. Results can be different with varied thread
diameter, deeper blind hole, or varied operator tapping speed;
we suggest prolonging tests over these variables.

F. Comparative Analysis Vs. Previous Method (Arduino +
Ultrasonic)

Accuracy & reliability: Inductive + PLC ~99% detection
accuracy under shop-floor vibration, Arduino + ultrasonic
exhibited dramatic fluctuations and constant false readings
(experience with previous prototype development).
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Industrial suitability: PLC has more electrical ruggedness,
simpler HMI integration, and standard industrial I/O than
Arduino.

Cost & complexity: Inductive sensors + PLC are slightly
more expensive than ultrasonic + Arduino but provide radical
improvements in reliability and maintainability — an attractive
tradeoff for manufacturing quality.

5. Conclusion

The system as implemented consistently verified tapping
depth and counted good taps with high accuracy under actual
workshop conditions.

The measured mistakes are minor and largely due to
mechanical mounting and debounce calibration — both of
which can be resolved with relatively minor design
adjustments.

The design accomplishes initial goals: minimize undetected
faulty parts, deliver batch feedback in real-time, and include
operator notifications without inhibiting manual tap workflow.
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