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Abstract

In manufacturing industries, production efficiency is directly associated with process timing, machine
coordination, and workflow balance. The present work investigates the manufacturing activities
involved in smart glove production through a systematic time study approach. Stopwatch-based
observations were carried out for each operational stage including cleaning, dipping, drying,
vulcanization, leaching, stripping, inspection, and packing. The collected data were analyzed to identify
delays, machine idle periods, and non-productive activities affecting throughput. The investigation
showed that drying and vulcanization consumed the highest process time and acted as the primary
production constraint. Standard production time was determined after incorporating worker allowances
and performance ratings. The study also examined machine utilization and production line balancing
conditions. Based on the observations, several improvement measures such as line balancing, preventive
maintenance scheduling, workstation optimization, and lean manufacturing implementation were
proposed. The suggested measures are expected to improve production efficiency, reduce waiting time,
and increase productivity without major investment. The study highlights the practical role of Industrial
Engineering techniques in improving operational performance within glove manufacturing industries.
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1. Introduction

Industrial productivity largely depends on how efficiently manufacturing activities are organized and
controlled. In production systems where multiple operations are interconnected, delays occurring at one
workstation can affect the complete manufacturing cycle. Smart glove manufacturing involves several
sequential processes requiring proper coordination between machines, workers, and material flow. In
many industries, production losses occur because of bottlenecks, uneven workload distribution, waiting
time, and improper scheduling. Time study is an important work measurement technique used to
determine the time required to complete a task under standard working conditions. By identifying
process inefficiencies and unnecessary activities, time study helps industries improve productivity and
resource utilization. The present study focuses on analyzing the smart glove manufacturing process
using Industrial Engineering principles to identify operational problems and recommend suitable
productivity improvement methods.
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. Objectives of the Study

e To study the existing manufacturing process in smart glove production.

e To measure cycle time for different operations using stopwatch time study.

e To identify bottlenecks and delays in the production line.

e To calculate standard production time.

e To suggest productivity improvement measures using Industrial Engineering techniques.

3. Methodology

The study was conducted through direct observation of manufacturing activities in the production
section. Cycle time data were collected using stopwatch methods for each process stage. Multiple
readings were recorded to improve the reliability of the observed data. Average process time, normal
time, and standard time were then calculated using performance ratings and allowance factors. Further
analysis was carried out to determine bottleneck operations, machine utilization, and line efficiency.
Based on the findings, suitable improvement measures were proposed.

4. Data Collection and Observation

Stopwatch-based observations were conducted for each process. Multiple readings were recorded to
improve accuracy and consistency of the measurements. The average observed times are shown in Table
1.

Table 1: Average Observed Time for Manufacturing Processes
Process Average Time (sec)
Former Cleaning and Dipping 523.27
Drying and Vulcanization 1503.72

Leaching 706.50
Beading 53.05
Stripping and Inspection 54.27
Packaging 32.05
Total Observed Time 2872.86

The results indicate that drying and vulcanization consume the highest processing time in the
manufacturing cycle.

Observed Time = 2872.86 sec

Normal Time = Observed Time x Performance Rating

— =2872.86 x 1.0

— = 2872.86 sec

Allowance = 15% (for fatigue, delay, personal needs)

Standard Time = Normal Time x (1 + Allowance)

— =2872.6 x 1.15

— =3303.49 sec = 3303 sec
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5. Process Time Analysis

The manufacturing process consisted of several operations including former cleaning, coagulant dipping,
latex dipping, drying and vulcanization, leaching, stripping, inspection, and packaging. Among all
processes, drying and vulcanization recorded the maximum cycle time and contributed significantly to
workflow delay. The total observed production time was approximately 2872 seconds. Standard time
calculations indicated that the process required approximately 3303 seconds after considering
allowances for fatigue and unavoidable delays.

6. Machine Utilization and Line Balancing

The analysis indicated that machine utilization was above 90%, which reflects satisfactory equipment
usage. However, imbalance between fast and slow operations resulted in waiting time and work-in-
progress accumulation. The production line showed poor balancing efficiency because the drying and
vulcanization section consumed a disproportionately large share of total production time. Uneven
workload distribution affected the overall productivity of the manufacturing line.

7. Improvement Measures

Several corrective measures were recommended to improve operational efficiency. These include
balancing workloads among workstations, improving preventive maintenance practices, reducing
unnecessary material movement, and implementing lean manufacturing concepts such as 5S and Kaizen.
Additional recommendations included optimizing curing conditions, improving scheduling practices,
and reducing machine idle periods. Adoption of these measures can improve process flow and reduce
overall production cycle time.

8. Conclusion

The study demonstrated the effectiveness of time study techniques in identifying inefficiencies within
smart glove manufacturing operations. Bottleneck processes, idle activities, and workflow imbalances
were successfully identified through systematic analysis. The proposed productivity improvement
measures can enhance manufacturing performance, reduce delays, and improve production efficiency.
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The work confirms that Industrial Engineering methods provide practical solutions for improving
manufacturing systems and maintaining competitive industrial performance.
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