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Abstract:

Background: This research study explores the importances of the Line balancing in the Assembly
systems and the impact on the Utilizations, performance, Cost, Delivery etc. The research describes
the direct & in direct multidirectional benefits through the perfect line balancing Objectives of these
research studies are ‘0 evaluate existing literature to understand the tangible & tangible benefits due
to the perfect line balancing & also impact due to the balancing. Also analyses the probable concerns
& contributed factors which affect Line Balancing. The research methodology involves addressing
questions related to Line Balancing, Manpower Utilizations, Bottlenecks and customer Tact. Also
analyses the contributed factors which affect the balancing through the review of literature. The
research problem highlights the various drawbacks due to the poor line balancing in the Assembly
System. Assembly system is not only the Stage wise step by step add on the material process., but
also systematic process which performed in the standard way through considering the customer
requirement & available resources. Customer requirement is the Key to any organization or An
Industry. The biggest problem is that Delivery failures due to improper line balancing. Overall, the
research aims to analyses & evaluate the impacted & contributed factors which needs to consider
while the designing of the Assembly system. Through this customer delivery can be feasible within
desired time with optimum utilizations of available resources through maintaining the desired
productivity & reduction in the operating expenses.

Keywords: Assembly Systems, Customer Takt, Customer Satisfaction, Line Balancing,
Organizational behavior

1] Introduction:

In the Assembly line set up, balancing is very important and essential factor to achieve the desired
KPI’s those are Line Capacity, Performance Efficiency, Overall Profitability, Customer Delivery,
Customer Satisfactions, Internal logistics, External environments, Product Costing, operating
Expenses, Skill sets, Safety, Ergonomics, Critical factors related to quality, Critical factors related to
Assembly etc There are several essential aspects that are contributing silently to the overall
assembly systems. Customer demand is the key to designing the Assembly Line. Based on the
forecasting plan the Assembly line has been design through considerations of the monthly
requirements, daily requirements, no. of stages required, Critical Assembly points, Safety,
Ergonomics, jigs, fixtures, tooling’s, torquing’s, pneumatic equipment’s, Material Handling
Equipment’s etc.

Through the calculations of the Maximum & minimum requirements & no of shifts working in a
day Assembly line has been designed at the Optimum Level. In other side due to the variations in the
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projections & the impact on the external environment the Customer Takt varies time to time. To
scope up this issue we need to re-balance the line with deployment of resources at maximum possible
level. Important things that the considerations of the major five factors need to design & balance the
line are i.e. Productivity, Quality, Cost, Delivery and Safety. The line balancing depends on other
vertical & horizontal factors, most of these come through the faulty material, inadequate qualities,
different skill sets, improper resources deployment and adequate tooling & facilities. With increasing
customer expectations & competition every organization must focus on delivery performance. Line
balancing is one of the strategical tools through which enhancing capacity, enhancing the safety &
enhancing the system can be feasible. Line balancing is a structural technique to achieve the desired
results through completion of targets vs actual with utilization of optimum resources in terms of
manpower, set ups, tooling’s, equipment’s, direct & indirect operating things, space productivity,
internal movements, material handlings, work standardizations etc.

Need of the Study:
a) On Time Delivery: Based on
customer demand the and the current competitional world the delivery performance should be ON
time without any delays. To achieve the customers’ prime expectations, we need to work on the basic
ideology i.e. Assembly Line balancing to make the,

1)  Desired Productivity

2)  Maximum Utilizations of Resources

3)  Minimum Operational expenses

4)  Desired Quality

5)  Ontime Delivery

b) Identify Bottlenecks:
To identify & evaluate the immediate & intermediate bottlenecks based on the customer Takt, Work
on the line balancing is necessity. Generally, customer demand & expectations towards product
delivery & quality are the priority now days. To work on the Bottlenecks, we need to analyze the
impacted & contributed factors’.

1)  Value Added Activities (VA)

2)  Non-Value-Added Activities (NVA)

3)  Necessary Non Value Added Activities (NNVA)

4)  Dependent Activities

5)  Independent Activities

c) Capacity Enhancement:
Through the understanding of the current critical bottlenecks and the subsequent bottlenecks of the
Assembly line based on the Customer Takt, the Line Balancing & The customer forecast demand
need to consider while designing the Assembly system in line with the,

1)  Flexibility Development

2)  Resources Utilizations

3) Capacity Enhancement

2] Research Methodology:
Research Questions
» What are the key contributed elements to be considered to analyses the impact of Customer
Delivery?
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» How do we make the de-bottlenecks of the critical operations to make the smooth & faster
delivery as per TAKT?

» Why do we need to consider customer demand & forecasting while beginning the design of
the Assembly line?

» Why is Line Balancing important to make the On Time Delivery? How can we make the
maximum utilization of resources?

Research Problem:
Through the analysis of the customer demand & forecasted demand at the current there may be
issues arises related to improper & inadequate line capacity, Lower Labour Productivity, Minimum
resource utilizations, Higer operating expenses, highly customer dissatisfaction, Quality concerns,
uneven load, Operating issues etc. are the problems popping up due to the poor line balancing &
faulty line installations. Looking at the current state there is having lack of studies & data base to
find out the balanced framework. Obviously, the challenge lies with the meeting the customer
expectations & the On time Delivery through smooth workflow. The few questions arise i.e What are
the factors impacted on the delivery apart from the delayed raw materials? How can balance the
Assembly System in line with customer demand? What are the elements to be considered to reshuffle
& trimming from the main activities to reduce the bottlenecks?
4] Research Objectives:
1) To analyze existing literature to understand the Importance of Assembly system - Line
Balancing
2) To identify key impacted elements those are needed to consider while assembly line Set up
installation.
3) To evaluate the critical & intermediate bottlenecks which are effects on the overall line
output & perhaps customer ON Time Delivery.

5] Literature Review
Through the review of the existing literatures analyses & evaluations the current Lune balancing
techniques and the Workstation designing are the,

Paksoy et al. (2013) highlighted the concerns related within the workload in workstations. From his
research they have proposed a binary fuzzy goal programming approach to account for the better
decision-makers regarding workload distribution

Turowski, Morgan, and Tang (2005) designed & developed model of a fuzzy colored Petri to
address the uncertainty associated with the end-of-life product condition. This approach allows for
the consideration of fuzzy variables related to the condition of the disassembled products.

James et.al, (2012) explored a grouping genetic algorithm (GGA) for sewing lines with different
labor skill levels in garment industry.As per there study, GGA can allocate workload among
machines as evenly as possible for different labor skill levels, so the mean absolute deviations can be
minimized.

Bukchin and Tzur (2000), Focused on the assembly line balancing techniques known as
Probabilistic Line Balancing Technique which were developed by EIl- Sayed and Boucher and
Largest Set Rule to design multi model assembly line. The aim of the work was to design assembly

UGC CARE Group-1 152



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 55, Issue 02 : 2026

line to increase maximum line efficiency by using optimum machine and worker amount for a
constant cycle time.

Kursun Bahadir et. al (2007) used two assembly line balancing heuristics known as the Ranked
Positional Weight Technique, and the Probabilistic Line Balancing Technique to solve the problem
of multi model assembly line balancing in a clothing company for two models.

Data Interpretations:

Considering the evaluations of the existing literatures, it can be concluded that there are several
multiple techniques & factors that need to be considered for make balancing the line particularly for
the Assembly systems. But while calculations & considerations of the Line Balancing need to
consider the customer expectations & forecast demands. Apart from the basic elements there are
other impacted parameters need to evaluate for the designing the better Line Balancing Techniques
ie.

Line Balancing - Important Factors

Takt, 15%
_Demand, 25%

Independent
Activities, 5%

VA, 15%

Dependent
Activities, 35%

_NVA, 5%

Graph 1
(Source: Existing Literature Review — Gap Analysis)
6] Findings:
a) Line Balancing — Concerns Overview:
Generally, the Assembly line runs either manually or through the conveyor. Assembling is the
process of stage wise material adding activities, which at the end finish Product or Assembly can be
generated. There may be several Assembly stages & varies the cycle time stage to stage. Due to the
differences in the cycle time Output & Utilizations are differ from stage to stage. Which leads to
Improper Line Balancing & Increases overall lead time.
To understand the Assembly line system, need to consider following related elements i.e.

1) No. of Stages

2) Customer TAKT

3) Cycle time

4) Line Balancing Efficiency (LBE %)
Line Balancing database:

Stage No. | Cycle Time (Min) | Capacity / Shift (Nos) | Balance Delays | Line O/p (Nos)

1 4 112.5 33% 75
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2 5 90 17%

3 6 75 0%

4 3 150 50%

5 3 150 50%

6 4 112.5 33%

7 3 150 50%
Table 1

(Data Source: Empirical data for concern analysis)
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b) Line Balancing - Calculations:

Work Content : The term work content stated that the sum of all the cycle times i.e.
WC=4+5+6+3+3+4+3=18 Mins

Cycle Time : Maximum process time i.e. 6 Mins

No. of Stages : 7 Nos

Takt Time : It is the ratio of Net Available time with Customer Demand

Line Balancing Efficiency (LBE) : (Work Content) / (No. of stages X Cycle time)
: 18/ (7x6)

Line Balancing Efficiency (LBE) : 42%

To study the overall line balancing scenario stated that, Line Balancing is must otherwise impacted
on-—

1) Manpower Utilizations,

2) Capacity concerns

3) Balance Delays

4) Few Operations are Over utilized & few are under utilizations
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5) Impact on Employees Moral

6) Impact on Productivity

7) Impact on Customer Delivery
7] Recommendations:

By evaluation of the various concerns, these arise due to the poor Assembly Line Balancing those
are Labour Productivity, Cost, Utilizations, Delivery & Safety. To improve the overall Assembly
Line Balancing & to make the contingency plan, Recommending the H-L (High — Low) Principle.

Line Balancing OVerview (cycte Time (Min)) )
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Graph 3 : H-L Principle (Line Balancing View)

The H-L strategy is linking with the Cycle time, means balance the all the stages with almost 90% to
95% except one stage. Intentionally one stage stays 50% balanced or Under-utilized. The buffer or
under utilizations keep as a contingency plan which will be utilized when the abnormal conditions
i.e. Material feeding issues, sudden demand increases, Breakdown cases etc.
Through H-L Principle can be achieved,

1) Desired Output

2) Maximum Resources Utilizations

3) On Time Delivery

4) Reduction in Operating Expense

5) Improvise in Line Balancing Efficiency

6) Reduction in the Lead Time

7) Customer Satisfaction

8) Capacity enhancement

9) Operational Excellence

10) Improvise Safety & Ergonomics

8] Conclusion:

In conclusion, this study aimed to evaluate & analyze the benefits over the better Assembly line
balancing & Impacted over the major KPI’s due to poor line balancing. With better line balancing
can be achieved all the defined KPI’s through smooth workflow, process flow with minimum
operating expenses. Now a days there is changing the customer expectations about the delivery with
the optimizations of the product cost with better quality through the On time Delivery. To make the
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feasibility need to make the drastic changes in the Line Balancing in the considerations of the
forecasted demand while deployment of the new Assembly system or upgradations of the existing
assembly set up. By deploying the H-L principle of Line Balancing the desired Targets can be
achieved within decided time frame with confirming the high level standards. In Nutshell the
conclusion of this research is that designing the assembly system by considering the current customer
demand & forecasted plan, customer expectations, Internal concerns, Available resources, Internal
KPI’s with the desired operational excellence practices, policies, Rules & regulations, with ON time
Delivery & customer satisfactions etc.
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