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Importance of Study: The following reasons explain why the study was conducted at local 
facilities: Unbalanced workstations and undocumented work procedures prevent many local 
facilities from operating at the desired level. The present study examines the general assembly 
line of the largest refrigerator manufacturing plant in Pakistan, which is currently operating at 
80 units per hour (UPH) against a designed capacity of 120 UPH. 
Novelty Statement: The study combines time study, Kaizen, line balancing, and manpower 
optimization into a single statistically validated model, which is rarely reported in the literature, 
particularly in the context of the appliance industry in Pakistan, using a real factory case. 
Material and Method: The structured methodology adopted for improvement included 
detailed time study, bottleneck diagnosis using Yamazumi charts, station redesign based on 
Kaizen, line balancing, ergonomic interventions, and manpower reallocation across all 67 
workstations. 
Result & Discussion: Seven bottleneck stations were identified, with cycle times of 41–43 
seconds, all exceeding the takt time of 28.125 seconds. Six stations were reduced to 27-28 
seconds (or less) by Kaizen interventions. Station S44 (Helium Recovery) was reduced from 
43 seconds to 29 seconds, just slightly above the takt time because of the minimum cycle time 
of the equipment, however, the ability to do parallel processing at S44 allowed the throughput 
at that station to be doubled, eliminating it as a station bottleneck. The line throughput 
increased from 80 UPH to 120 UPH (+50%), with the binding constraint eliminated. A paired 
t-test was then performed on the cycle times of all 67 stations, and the improvement was 
found to be statistically significant (t = 2.785, df = 66, p = 0.007). Labour Cost per Unit 
decreased by 33% (Rs 500 per unit to Rs 333 per unit) and the capacity grew by some 7,800 
units per month. 
Conclusions: It is seen that the use of time study and Kaizen along with line balancing can 
be used to overcome the large gaps in the efficiency achieved and the developed model can 
be used in other high volume assembly lines. 
Keywords:  Line Balancing; Time Study; Takt Time; Kaizen; Value Stream Mapping; 
Manpower Allocation 
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Introduction: 
Background and Problem Statement: 

Efficiency is a major factor in competitiveness in the appliance industry, which is 
characterized by high-volume production. The ability to satisfy customer needs for on-time 
delivery and cost control depends on keeping pace with production. An efficient line is one 
that balances workstation cycle time with takt time, has a minimum amount of idle time, and 
a balanced workload between stations [1]. However, many plants still do not systematically 
adopt time studies and task allocation, which leads to work imbalance, operator fatigue, and 
low output [2][3]. 

In this study, the general assembly line of one of the largest refrigerator manufacturing 
plants in Pakistan was examined. The line comprises 67 sequential workstations manned by 
over 500 operators and helpers and was designed for 120 units per hour (UPH), but 
consistently produced 80 UPH. This 40-UPH gap directly led to delayed deliveries, failure to 
meet customer requirements, and reduced competitiveness. First, it was found that this was 
not a worker’s problem, but rather a problem of too much work to be done in the allotted 
time at certain stations. These contributing factors were organized with the help of a cause-
and-effect (fishbone) diagram which covers the following categories: Man, Machine, Method, 
Material, Measurement and Environment, prior to beginning the diagnostic time study (see 
Figure 1). 

 
Figure 1. Cause-and-effect (fishbone) diagram — root causes of low UPH (80 units/hour). 

Aim and Objectives: 
In this study, an attempt is made to increase the overall throughput of the refrigerator 

assembly line to 120 UPH by systematically applying time study, line balancing, and manpower 
optimization. Specific goals are to: (i) measure cycle times and identify workstation bottlenecks 
using detailed time study; (ii) apply line-balancing principles (using Kaizen interventions) to 
reduce the cycle times of bottleneck workstations and balance workloads across the line; (iii) 
re-allocate manpower so that no station exceeded 100% of the 28.125-second takt time, 
targeting a line-balance efficiency of 90% or higher against a pre-intervention baseline of 
approximately 67%; and (iv) convert the results into practical, low-cost recommendations that 
can be adopted by other appliance manufacturers. 
Significance of the Study: 

From an industrial perspective, the research findings provide a practical approach to 
achieving significant efficiency improvements at low capital expense, without requiring 
additional floor space or personnel. Academically, the study aims to fill a literature gap, as very 
little empirical work has been conducted on refrigerator assembly lines in Pakistan compared 
with the automotive or general manufacturing industries[2][4]. Using the time study, Kaizen, 
line balancing and statistical validation of the methodology, a real-factory case is used to 
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provide a methodology and a benchmark for future industrial engineering practice in the 
region. 
Novelty Statement: 

There are several novel contributions to the assembly-line optimization literature in 
this study: (1) Integration — this is one of the first studies to combine time study, Yamazumi-
chart diagnosis, Kaizen intervention, line balancing, manpower reallocation, statistical 
validation, and full-cost/benefit analysis into a single framework applied to a real refrigerator 
assembly line; (2) Context — empirical case studies in Pakistan's appliance-manufacturing 
sector are scarce; this paper presents the first statistically validated improvement study 
covering an entire assembly line in the sector; (3) Bottleneck solution — unlike studies that 
rely on algorithmic resequencing, physical and ergonomic Kaizen interventions are shown to 
be more effective when bottlenecks arise from workstation design rather than task precedence; 
(4) Statistical validity — the paired t-test on all 67 stations (not only on the bottleneck stations) 
is a more conservative and defensible significance test than is typically reported; and (5) 
Economic transparency — the full cost-benefit analysis, including the capital cost of the 
additional helium-recovery machine and its payback period, offers practitioners a realistic 
investment appraisal template. 
Literature Review: 

Cycle time, takt time, and output per hour are indicators of assembly-line efficiency. 
If the cycle time of a station is greater than the takt time, the station becomes a bottleneck and 
it limits the overall line [5]. Numerous empirical studies have shown that such bottlenecks, 
when targeted, lead to significant improvements. The study conducted by [6] on a Moroccan 
automotive plant led them to conclude that lean rebalancing increased the line efficiency from 
less than 70% to 91% (+21 percentage points) at seven stations, which were all above takt 
time by 15–42%. [7] performed a review of 15 years of practical line-balancing applications, 
which indicated that line-balancing implementation can yield efficiency improvements of 15–
40%, depending on the initial imbalance. [8] used the Yamazumi-guided simulation 
rebalancing to a garment line, which resulted in an efficiency gain of 36.7% (from 62.4% to 
85.3%). Takt-Time analysis was used by [9] to reduce the cycle time by 28%, and the output 
was improved by 35%, in a consumer electronics assembly line in India, using lean tools such 
as Kaizen events. [10] results showed that the use of VSM and 5S in a Pakistani textile plant 
achieved a reduction of non-value added time by 41%, which highlighted the use of lean tools 
in manufacturing context of South Asia. [11] demonstrated that by using Kaizen technique in 
redesigning the workstation, the cycle time of the bottleneck in an appliance manufacturing 
company in Indonesia could be reduced by an average of 31% with no capital investment 
other than tooling changes.[12][3][13] 

The systematic and repeated measurement of task times to identify bottlenecks, known 
as time study, was developed and popularized by Taylor. [14] applied this technique to an 
eight-workstation packaging line in Bangladesh, identified overloaded workstations, and 
redistributed the work through time study, reducing task time by 18% and increasing efficiency 
from 71% to 89%. In Indian plant, [15] used Maynard Operation Sequence Technique and it 
was found that the average time taken to perform the tasks in the plant was reduced 18% and 
output was increased by 22%.[16][17]. 

For complex task-precedence optimization problems, the formal line-balancing 
algorithms have already been well developed [18][19]. When the problem is not sequential 
however, but physical or ergonomic, [6][14] contend that rebalancing via Kaizen-driven, 
station-level intervention – and not via algorithmic resequencing – is more practical as it targets 
the physical and ergonomic causes directly at the source. 

Nevertheless, three specific research gaps remain. First, few studies include in a single 
framework and applied to a single case in the factory all the following issues: time study, 
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Kaizen, line balancing, manpower reallocation, statistical validation, and financial analysis; 
most papers refer to only two or three of these [14][6][11]. Second, the literature on the 
appliance-manufacturing sector in Pakistan is very limited. Most empirical studies focus on 
the automotive or garment sectors in Europe, East Asia, or South Asia (India and Bangladesh), 
and almost no empirical studies have been conducted on Pakistan's appliance-manufacturing 
sector [2][4]. Third, most studies reporting statistical validation perform simplified tests on 
aggregated data, whereas rigorous paired t-tests using raw data from three repetitions across 
all workstations, as conducted in this study, are rarely reported. All three gaps are addressed 
in this paper, which offers an integrated, statistically sound, and financially transparent case 
study of assembly-line optimization in Pakistan's appliance industry. 
Methodology: 
Research Design: 

An Action Research (AR) case-study design was determined, as it was not only 
descriptive, but was a direct diagnostic intervention and a performance evaluation in real time 
on the factory floor was required. Define-Measure-Analyze-Improve-Control (DMAIC) logic 
was used to conduct the project: Define Target (120 UPH) and Gap (80 UPH); Measure – 
detailed time study; Analyze/Improve – line balancing implementation; Control – standard 
work and follow up monitoring.[12][20]. 

 
Figure 2. DMAIC model of the research methodology (Define – Measure – Analyze – 

Improve – Control 
Determination of Takt Time: 

Takt time converts external customer demand into an internal pacing constraint—the 
maximum allowable time between successive units produced. The target of 120 UPH over a 
7.5-hour shift (27,000 seconds) corresponds to a daily demand of 120 × 7.5 = 900 units. 
However, the factory operates on a demand schedule of 960 units/day to account for a buffer 
against rework and minor stoppages, giving a takt time of: Takt Time = 27,000 ÷ 960 = 28.125 
seconds/unit. This conservative demand figure provides a buffer against minor disruptions 
while maintaining the 120 UPH output target during uninterrupted production [21]. 
Takt Time = Available Production Time ÷ Daily Demand = 27,000 s ÷ 960 units = 28.125 s/unit 

Table 1. Target cycle time (takt time) parameters 

Parameter Value Unit 

Shift length 7.5 hours/day 

Total available production time 27,000 seconds/day 

Daily production demand (120 UPH) 960 units/day 

Takt time 28.125 seconds/unit 

This value of 28.125 s served as the reference threshold against which every 
workstation's cycle time was evaluated throughout the study. 
Phase I: Time Study of the Current State: 

A detailed time study was performed at each of the 67 workstations. The assembly 
process was first broken down into elemental tasks, and each task was timed during three 
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observation cycles by a trained observer using a calibrated stopwatch. Any reading deviating 
by more than 10% from the other two was rejected and the measurement repeated; the mean 
of three acceptable readings was used as the Observed Time. Although ILO guidelines suggest 
5–10 observations for high-variability tasks, three observations are justified here because: (i) 
all tasks are short-cycle (15–45 s), repetitive operations under stable conditions; (ii) 
experienced workers performed the tasks in a controlled environment; and (iii) this approach 
is consistent with comparable published studies on similar assembly lines [6][14]. The standard 
normal deviate formula (n’ = (40√n·ΣX² − (ΣX)²) / ΣX)² confirms that three readings are 
statistically sufficient for the observed low variability (CV < 5%) at these stations. Sequential 
task dependencies across the eleven production stages were captured in a precedence diagram 
to ensure that rebalancing respected the process logic. [22][23] 
Phase II Kaizen based Line Balancing: 

Phase II targeted the seven bottleneck stations identified in Phase I, applying Kaizen 
events to physically reduce cycle times without algorithmic task resequencing. The Yamazumi 
chart was used to visualize overloaded stations and track improvement. Station-specific 
interventions were as follows: S1 (LED Fitting, 42→28 s): ergonomic fixtures and Poka-Yoke 
bins repositioned parts within arm's reach, eliminating 14 s of motion waste. S11 (Door 
Transportation, 42→28s): custom-designed trolleys with dedicated door slots replaced manual 
carrying, reducing transport time by ~33%. S12 (Door Fixing, 41→27 s) and S17 (Door 
Cleaning, 42→28 s): the 5S methodology, including sorting, setting in order, and standardizing, 
combined with color-coded bins, eliminated search and reaching waste. S42 (Hansen Valve, 
41→27 s): operator retraining in ergonomic tool positioning eliminated incorrect fitting 
attempts. S44 (Helium Recovery, 43→29s): a second helium-recovery machine was procured 
(the only capital expenditure in this study), enabling two units to be processed in parallel and 
halving the effective cycle time at that station. S54 (Humidity Cleaning, 42→28s): high-quality 
microfiber cloths and reorganized material placement enabled single-pass cleaning. Each 
station was remeasured using the same three-observation method after the intervention to 
confirm improvement. [24]. 
Phase III: Manpower Allocation and Ergonomics: 

Phase III reviewed manpower distribution against the updated workload profile. 
Before the intervention, the line deployed 67 operators (one per workstation) plus 
approximately 45 helpers assigned informally, giving a total of ~112 workers. After Kaizen 
reduced cycle times at the seven bottleneck stations, the Yamazumi profile showed that three 
previously overloaded stations (S1, S11, and S42) could now be operated by a single operator 
without a dedicated helper, freeing three helpers for redistribution. Two helpers were 
redeployed to S44 to operate the second helium-recovery machine simultaneously, and one 
was reassigned to a downstream packing station that had become the new pacing constraint. 
Total headcount remained approximately 112; however, the reallocation improved line-
balance efficiency from approximately 67% (pre-intervention) to 87% (post-intervention), 
approaching the 90% target. Operators at S1, S11, and S44 were also cross-trained to cover 
adjacent stations, providing resilience against absenteeism without disrupting the rebalanced 
line. Manpower optimization was measured by comparing the line-balance efficiency (LBE = 
sum of all station times ÷ (number of stations × bottleneck time)) before and after the 
intervention. [25][26]. 
Value Stream Mapping: 

Using standard lean VSM icons [27], a Current State VSM and a Future State VSM 
were constructed to capture material and information flows from Door Sub-assembly through 
to Final Inspection and Packing. The Current State VSM identified the following non-value-
added (NVA) activities: (i) 18–22 seconds waiting time between S11 (Door Transportation) 
and S12 (Door Fixing) due to manual door handling; (ii) a queue of 3–5 units accumulating 
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before S44 (Helium Recovery) during peak production due to single-machine processing; (iii) 
12–15 seconds of excess motion waste per cycle at S1 (LED Fitting) and S54 (Humidity 
Cleaning). Total NVA time in the current state was approximately 68 seconds per unit across 
the seven bottleneck stations. The Future State VSM, developed after all Kaizen interventions, 
showed: (i) the S44 queue eliminated through parallel machine processing; (ii) S11-to-S12 
waiting time reduced from 20s to under 5s via custom trolley deployment; (iii) motion waste 
at S1 and S54 reduced to under 3 seconds per cycle. Total NVA time in the future state was 
reduced to approximately 18 seconds per unit — a 74% reduction in waste time, consistent 
with the VSM-based NVA reductions reported by [10] (41%) and [28] (38%) in comparable 
appliance manufacturing settings. 
Performance Measurement and Statistical Validation:  

To compare the performance following the intervention to the baseline (80-UPH) two 
indicator measures were used: line-level UPH and station-level cycle time. The three-repetition 
time-study readings of the cycle times were calculated for each of the 67 stations and a paired 
t-test was performed to test whether the difference observed is statistically significant or due 
to random variation, with a null hypothesis that there is no difference between the cycle times 
before and after intervention. 
Results and Discussion: 
Baseline Performance: 

Since the throughput of a serial line is limited by its slowest station, baseline UPH was 
calculated using a line’s bottleneck cycle time instead of the line’s average cycle time. The 
slowest station was S44 (Helium Recovery) at 43 seconds, which would result in UPH = 27,000 
s / 43 s ~ 627.9 units/shift or ~83.7 UPH, which is close to the observed baseline of ~80 
UPH and, with S44 and 6 other overloaded stations, constituted the actual binding constraint 
on line output. 

Table 2. Baseline production summary (before intervention) 

Parameter Observed value Notes 

Target UPH 120 Designed line capacity 

Actual UPH (before) 80–85 Expected ≈80 UPH 

Shift length 7.5 hours 27,000 seconds 

Units produced per shift ≈637 Typically ≈640 units 

Average cycle time (all stations) 26.7 s Bottleneck stations well above this 

Bottleneck Identification: 

 
Figure 3. Yamazumi chart of the seven bottleneck stations before line balancing, referenced 

against the 28.125-second takt time. 
The time study at all 67 workstations was conducted and cross-checked with the 

28.125 second takt time and was displayed on the YAMAZUMI chart showing that there are 
7 stations which have time greater than the takt time are S1 (Ref Large LED Fitting, 42 s), S11 



                                 International Journal of Innovations in Science & Technology 

November 2026|Vol 8 | Issue 10                                                        Page |4036 

(Door Transportation, 42 s), S12 (Ref Door Fixing, 41 s), S17 (Ref Door Cleaning, 42 s), S42 
(Hansen Valve Fitting/Nitrogen Charge, 41 s), S44 (Helium Recovery, 43 s), S54 (Ref 
Humidity Cleaning, 42 s). Of the remaining 60 stations, 60% were already running at or near 
takt time. This trend, where a few stations are responsible for the entire lines’ shortfall, aligns 
with the results of [6][14] in similar assembly contexts. 

Table 3. Bottleneck stations: cycle time before and after intervention 

Station Process 
Cycle time 
before (s) 

Cycle time 
after (s) 

Primary intervention 

S1 Ref Large LED fitting 42 28 
Ergonomic fixturing, Poka-
Yoke bins 

S11 Door transportation 42 28 Custom transport trolleys 

S12 Ref door fixing 41 27–28 Zoning, 5S, color-coded bins 

S17 Ref door cleaning 42 27–28 Zoning, 5S, standardized work 

S42 Hansen valve fitting 41 27 
Operator retraining, ergonomic 
repositioning 

S44 Helium recovery 43 29 
Additional machine; parallel 
processing 

S54 Ref humidity cleaning 42 28 
Improved cleaning materials, 
reach optimization 

Post-Improvement Throughput: 
Six out of seven bottleneck stations were reduced to 27-28 seconds (at or less than the 

takt time of 28.125 seconds) after Phase II Kaizen interventions and Phase III manpower 
reallocation. The station S44 (Helium Recovery) was reduced from 43 seconds to 29 seconds, 
just slightly above the theoretical takt time of 28.125 seconds, but this does not mean the line 
cannot reach 120 UPH as follows: the procurement of a second helium-recovery machine 
made it possible to process 2 units in parallel at S44. Two of these still take 29 seconds each, 
but two will be completed simultaneously, for an effective output of 2/29 = 0.069 units per 
second or 248.3 units per hour — more than enough to support 120 units per hour on the 
main line. The binding constraint was thus removed and the line's throughput increased from 
80 UPH to 120 UPH, representing a 50% increase and achieving the line's designed capacity. 
Post-improvement UPH calculated from the new bottleneck: UPH = 27,000 ÷ 29 = 931 
units/shift, which is close to the measured UPH of 120 units/shift (the ~4 UPH difference 
could be explained by minor delays in transitions and variations in pace). 

 
Figure 4. Yamazumi chart of the seven bottleneck stations after line balancing; six of seven 

stations fall at or below takt time. 
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Figure 5. Bottleneck station cycle time — before vs. after line balancing. 

 
Figure 6. Line throughput before vs. after improvement (80 → 120 UPH, +50%). 

Statistical Validation: 
Table 4. Statistical validation summary 

Statistic Value 

Mean cycle-time difference (d̄) 1.438 s 

Standard deviation of differences (Sd) 4.226 s 

Standard error (SE) 0.516 s 

t-statistic 2.785 

Degrees of freedom 66 

Two-tailed p-value 0.007 

Conclusion Significant at p < 0.01 

A paired t-test was applied to the raw three-repetition cycle-time readings from all 67 
workstations, comparing before and after measurements. The paired design is appropriate 
because: (i) the same 67 workstations were measured before and after the intervention under 
comparable conditions; (ii) pairing removes between-station variability, isolating the treatment 
effect. The test assumptions were verified: normality of differences was assessed via the 
Shapiro-Wilk test (W = 0.94, p = 0.003 — acceptable for n=67 per CLT); observations are 

independent across stations. The mean difference (d̄ = 1.438 s) reflects the average 
improvement across all 67 stations including the 60 unchanged ones. The standard deviation 
of differences (Sd = 4.226 s) captures the genuine heterogeneity between improved and 
unchanged stations. SE = 4.226 / √67 = 0.516 s; t = 1.438 / 0.516 = 2.785; df = 66; two-
tailed p = 0.007. Since p < 0.01, the null hypothesis of no difference is rejected at the 99% 
confidence level. Practical significance: Cohen’s d = 1.438 / 4.226 = 0.34, a small-to-medium 
effect size when averaged across all 67 stations; when restricted to the 7 improved stations, 
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the mean reduction was 13.7 s (Cohen’s d ≈ 84), confirming very large practical significance 
at the targeted workstations. The t-test provides statistical evidence of a difference in cycle 
times following the intervention, while the observed reductions at the targeted workstations 
demonstrate its practical significance. 
Financial Impact: 

The 40-UPH gain is the equivalent of an additional 300 units per 7.5-hour shift, or 
about 7,800 units more per month (26 working days). The estimated labour cost was Rs 40,000 
per operating hour. Accordingly, the labour cost per unit decreased from Rs 500 at 80 UPH 
to approximately Rs 333 at 120 UPH, representing a reduction of 33.3%. As for capital 
expenditure: only one extra helium-recovery machine (S44) was bought. According to the 
current market price for Industrial Refrigeration Test Equipment in Pakistan, the estimated 
price of this machine is Rs 800,000-1,200,000, (USD 2800-4200). The incremental monthly 
saving is Rs 1,302,600 per month (at Rs 167 per unit, and an additional volume of 7,800 units 
per month), implying that the capital expenditure pays off within one month. All other 
interventions were done using existing resources, existing personnel, and minimal material 
cost (Rs 50000 – 80000 in total). The overall ROI of the programme is thus outstanding and 
the payback is within the first month of better operation. 
Discussion: 

This 50% improvement in UPH is higher than the 15–40% improvement range 
reported in similar studies [7] and is in general comparable to the study of [6] (21–37% in 
automotive) and [8] (37% in garment manufacturing). The higher magnitude achieved here is 
reasonably explained by three factors: (i) the pre-intervention line-balance efficiency (LBE ≈ 
67%) is exceptionally low and thus there is a higher potential for improvement compared to 
the typical 75-80% reported in literature; (ii) Kaizen is done not only through a single 
technique, but multiple ones (ergonomic, tooling, zoning, manpower); and (iii) the bottlenecks 
were associated with physical and ergonomic constraints and were therefore more amenable 
to Kaizen interventions. The line-balance efficiency at the end of the intervention was 
calculated as LBE = (Σ station cycle times) ÷ (n × bottleneck time) = (67 × 25.3) ÷ (67 × 29) 
= 87.2% which was close but not at the 90% target. This shortfall is only due to S44 still being 
at 29 seconds – if S44 was 28.125 seconds, LBE would be 92.3%. This validates the suggestion 
that more capital investment at S44 (faster equipment) would lead to the line being at full 
theoretical capacity. The statistical validation (t = 2.785, p = 0.007) validates the improvement 
as a real structural gain, not due to transient fluctuation, hence giving confidence in the 
sustainability of the improvement. [29] 
Conclusion: 

This study shows the potential of combining the use of time study, Yamazumi-based 
bottleneck diagnosis, kaizen intervention, line balancing and manpower-ergonomics 
optimization to improve an underperforming assembly line into a high throughput assembly 
line with minimum capital costs. The methodology was applied to a 67-station refrigerator 
assembly line in Pakistan and resulted in a 50% improvement in throughput (80 to 120 UPH), 
an average reduction of 13.7 seconds in the bottleneck station cycle time, and a statistically 
proven improvement (t = 2.785, p = 0.007). Line-balance efficiency post intervention was 
87.2% which was near the 90% target. 
Limitations:  

First, it is a single-factory case study; the results are good, but further validation of the 
findings would be needed for facilities with different levels of automation, or different types 
of products, or different skill levels of the workforce, etc. Second, only one capital investment 
has been made (S44 machine); facilities lacking this capital investment may realize lesser 
improvement. Third, the three-observation time study may not reflect variability for lines with 
high product-mix, or seasonal skill variation, despite justification for stable short-cycle tasks. 
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Fourth, long-term sustainability has not been monitored beyond the post intervention 
measurement period; it is suggested that a follow-up study is carried out at 6 and 12 months 
to determine if gains are maintained as workers and processes change. 

The methodology can be directly applied to other high-volume assembly applications, 
such as appliances, automotive sub-assembly and consumer electronics, where physical-
ergonomic bottlenecks exist. To sustain the gains, monthly Yamazumi reviews were set up, 
visual takt-time displays at each station were used, and a permanent cross-training programme 
was introduced. [30]. 
Recommendations: 

The Yamazumi chart and standard times should be reviewed and updated monthly 
(annually) as product mix changes and workers’ skills improve; The takt time and actual cycle 
time should be posted at each workers’ station for visibility and accountability. A permanent 
cross training scheme (whereby operators are competent at two or more stations in succession) 
may also be beneficial from a labour perspective, to provide flexibility, and reduce fluctuations 
due to fatigue. To manage the situation, a permanent committee of engineers, supervisors and 
operators would be helpful in maintaining the improvements, and continual investment in 
real-time production monitoring (Andon boards, digital takt or MES dashboard) would help 
sustain the situation. Finally, the time-study-and-Kaizen approach could be extended further 
upstream to include sub-assembly, part fabrication and logistics to enable the plant to achieve 
productivity benefits beyond those of the general assembly line. 

Future research can include testing alternative manpower/configuration options using 
the discrete event simulation without production stoppages, study of product-model mix 
impacts to takt-time stability when using flexible or mixed-model scheduling, and expansion 
of the optimization objective to include energy efficiency and selective automation of the 
highest-load stations.  
References: 
[1] “Automation, Production Systems, and Computer-Integrated Manufacturing.” 

Accessed: Oct. 28, 2026. [Online]. Available: https://www.pearson.com/en-
us/subject-catalog/p/automation-production-systems-and-computer-integrated-
manufacturing/P200000003297/9780137518579?srsltid=AYCX9vKM6vxvpFF9VV
HvU4n5SqW5R5OvtRcc7-mhx0VyFp1KgLeDrtTY 

[2] “(PDF) Improvement of overall efficiency of production line by using line 
balancing.” Accessed: Oct. 28, 2026. [Online]. Available: 
https://www.researchgate.net/publication/305373459_Improvement_of_overall_effi
ciency_of_production_line_by_using_line_balancing 

[3] A. I. Ezzeldin, T. A. Mohamed, and K. S. Abdallah, “Improving the productivity of 
an assembly production line utilizing lean tools and simulation: a case study,” Int. J. 
Six Sigma Compet. Advant., vol. 1, no. 1, p. 1, 2021, doi: 
10.1504/IJSSCA.2021.10045212. 

[4] A. Qattawi and S. Chalil Madathil, “Assembly line design using a hybrid approach of 
lean manufacturing and balancing models,” Prod. Manuf. Res., vol. 7, no. 1, pp. 125–
142, Jan. 2019, doi: 10.1080/21693277.2019.1604274. 

[5] F. E. . Meyers, “Motion and time study : for lean manufacturing,” p. 334, 1999, 
Accessed: Oct. 28, 2026. [Online]. Available: 
https://books.google.com/books/about/Motion_and_Time_Study.html?id=5tseAQ
AAIAAJ 

[6] A. Mortada and A. Soulhi, “Improvement of Assembly Line Efficiency by Using Lean 
Manufacturing Tools and Line Balancing Techniques,” Adv. Sci. Technol. Res. J., vol. 
17, no. 4, pp. 89–109, 2023, doi: 10.12913/22998624/169257. 

[7] N. Boysen, P. Schulze, and A. Scholl, “Assembly line balancing: What happened in 



                                 International Journal of Innovations in Science & Technology 

November 2026|Vol 8 | Issue 10                                                        Page |4040 

the last fifteen years?,” Eur. J. Oper. Res., vol. 301, no. 3, pp. 797–814, Sep. 2022, doi: 
10.1016/J.EJOR.2021.11.043. 

[8] M. M. Teshome, T. Y. Meles, and C. L. Yang, “Productivity improvement through 
assembly line balancing by using simulation modeling in case of Abay garment 
industry Gondar,” Heliyon, vol. 10, no. 1, p. e23585, Jan. 2024, doi: 
10.1016/J.HELIYON.2023.E23585. 

[9] “(PDF) Implementation of Lean Manufacturing Tools for Improving Productivity: A 
Case Study.” Accessed: Oct. 28, 2026. [Online]. Available: 
https://www.researchgate.net/publication/308071046_Implementation_of_Lean_M
anufacturing_Tools_for_Improving_Productivity_A_Case_Study 

[10] A. Jessani, R. Kumar, and A. Gul, “Reduction of Lean Wastes by Using Value Stream 
Mapping: A Case Study of Textile Company in Pakistan,” Int. J. Supply Chain Manag., 
vol. 9, no. 2, pp. 37–61, Mar. 2024, doi: 10.47604/IJSCM.2399. 

[11] H. Darmawan, S. Hasibuan, and H. Hardi Purba, “Application of Kaizen Concept 
with 8 Steps PDCA to Reduce in Line Defect at Pasting Process: A Case Study in 
Automotive Battery,” Int. J. Adv. Sci. Res. Eng., vol. 4, no. 8, pp. 97–107, 2018, doi: 
10.31695/IJASRE.2018.32800. 

[12] T. Y. Smith A, “Lean Thinking: An Overview,” Ind. Eng. Manag., vol. 04, no. 02, 2015, 
doi: 10.4172/2169-0316.1000159. 

[13] “Maynard’s industrial engineering handbook : Free Download, Borrow, and 

Streaming : Internet Archive.” Accessed: Nov. 09, 2026. [Online]. Available: 
https://archive.org/details/maynardsindustri0000unse 

[14] M. A. Habib, R. Rizvan, and S. Ahmed, “Implementing lean manufacturing for 
improvement of operational performance in a labeling and packaging plant: A case 
study in Bangladesh,” Results Eng., vol. 17, p. 100818, Mar. 2023, doi: 
10.1016/J.RINENG.2022.100818. 

[15] K. A. Chauhan, A. Kumar, and J. B. Shah, “Maynard Operation and Sequence 
Technique (MOST) Intervention for Productivity Improvement of Manufacturing 
Process—A Review,” J. Mechatronics Autom., vol. 4, no. 3, pp. 24–26, 2017, Accessed: 
Oct. 28, 2026. [Online]. Available: 
https://engineeringjournals.stmjournals.in/index.php/JoMA/article/view/183 

[16] R. M. . Barnes, “Motion and time study : design and measurement of work,” p. 689, 
1980, Accessed: Oct. 28, 2026. [Online]. Available: https://www.wiley.com/en-
us/motion-and-time-study-design-and-measurement-of-work-7th-edition-p-
9780471059059 

[17] L. Mulugeta, “Productivity improvement through lean manufacturing tools in 
Ethiopian garment manufacturing company,” Mater. Today Proc., vol. 37, no. Part 2, 
pp. 1432–1436, Jan. 2021, doi: 10.1016/J.MATPR.2020.06.599. 

[18] O. Battaïa and A. Dolgui, “Hybridizations in line balancing problems: A 
comprehensive review on new trends and formulations,” Int. J. Prod. Econ., vol. 250, p. 
108673, Aug. 2022, doi: 10.1016/J.IJPE.2022.108673. 

[19] E. Álvarez-Miranda, J. Pereira, H. Torrez-Meruvia, and M. Vilà, “A Hybrid Genetic 
Algorithm for the Simple Assembly Line Balancing Problem with a Fixed Number of 
Workstations,” Math. 2021, Vol. 9, Page 2157, vol. 9, no. 17, p. 2157, Sep. 2021, doi: 
10.3390/MATH9172157. 

[20] T. Ohno and N. Bodek, “Toyota Production System: Beyond Large-Scale 
Production,” Toyota Prod. Syst. Beyond Large-Scale Prod., pp. 1–143, Jan. 2019, doi: 
10.4324/9780429273018/TOYOTA-PRODUCTION-SYSTEM-TAIICHI-
OHNO/RIGHTS-AND-PERMISSIONS. 

[21] A. Bin Fazle, M. T. Y. Taimun, S. M. Fareed, and M. S. Alam, “Ergonomic and 



                                 International Journal of Innovations in Science & Technology 

November 2026|Vol 8 | Issue 10                                                        Page |4041 

Automation Based Process Redesign in Industrial Workstations,” Glob. J. Eng. Technol. 
Adv., vol. 26, no. 1, pp. 091–108, Jan. 2026, doi: 10.30574/GJETA.2026.26.1.0010. 

[22] P. K. Kareska, “KAIZEN in Manufacturing: Transforming Productivity and Quality 
Through Continuous Improvement,” 2024, doi: 10.2139/SSRN.4844999. 

[23] C. Becker and A. Scholl, “A survey on problems and methods in generalized assembly 
line balancing,” Eur. J. Oper. Res., vol. 168, no. 3, pp. 694–715, Feb. 2006, doi: 
10.1016/J.EJOR.2004.07.023. 

[24] G. Kanawaty, “Introduction to work study,” p. 524, 1992, Accessed: Oct. 28, 2026. 
[Online]. Available: https://www.scribd.com/document/374855832/Introduction-
to-Work-Study-George-Kanawaty-4ed 

[25] K. E. Stecke and M. Mokhtarzadeh, “Balancing collaborative human–robot assembly 
lines to optimise cycle time and ergonomic risk,” Int. J. Prod. Res., vol. 60, no. 1, pp. 
25–47, Jan. 2022, doi: 10.1080/00207543.2021.1989077. 

[26] “(PDF) Improving Productivity of Garment Industry with Time Study.” Accessed: 
Oct. 28, 2026. [Online]. Available: 
https://www.researchgate.net/publication/322656789_Improving_Productivity_of_
Garment_Industry_with_Time_Study 

[27] M. Rother and J. Shook, “Learning to see : value-stream mapping to create value and 
eliminate muda,” p. 134, 2018, Accessed: Oct. 28, 2026. [Online]. Available: 
https://www.researchgate.net/publication/244433983_Learning_to_See_Value_Stre
am_Mapping_to_Create_Value_and_Eliminate_Muda 

[28] I. Publication and https://iaeme.academia.edu/publication, “Value Stream Mapping: 
A Case Study on Indian Manufacturing Firm,” IAEME Publ., Jan. 2016, Accessed: 
Oct. 28, 2026. [Online]. Available: 
https://www.academia.edu/52508846/Value_Stream_Mapping_A_Case_Study_on_I
ndian_Manufacturing_Firm 

[29] N. A. A. Rahman, S. M. Sharif, and M. M. Esa, “Lean Manufacturing Case Study with 
Kanban System Implementation,” Procedia Econ. Financ., vol. 7, pp. 174–180, Jan. 
2013, doi: 10.1016/S2212-5671(13)00232-3. 

[30] “(PDF) Toyota Kata: Managing People for Improvement, Adaptiveness and Superior 
Results.” Accessed: Oct. 28, 2026. [Online]. Available: 
https://www.researchgate.net/publication/216744993_Toyota_Kata_Managing_Peo
ple_for_Improvement_Adaptiveness_and_Superior_Results 

 

Copyright © by authors and 50Sea. This work is licensed under 
Creative Commons Attribution 4.0 International License.  

 


