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ABSTRACT

Lean manufacturing techniques have increasingly been adopted in the automotive lighting sector to enhance efficiency,
reduce waste, and improve product quality. This project explores the application of Lean methodologies in automotive
lighting production, focusing on key practices such as value stream mapping and continuous improvement (Kaizen).
By analysing case studies from a leading automotive lighting manufacturer (Varroc Engineering), the study highlights
how these practices evaluate waste, streamline operations, minimize process costs, and enhance productivity.

The integration of Lean principles not only optimizes the manufacturing process but also fosters a culture of innovation
and responsiveness to organizational demands. Furthermore, the Project discusses the challenges faced in
implementing Lean practices within this specialized field and offers strategies for overcoming these obstacles.
Ultimately, the findings underscore the significance of Lean manufacturing in enhancing competitiveness and
sustainability in the automotive lighting industry.
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1. INTRODUCTION

The Lean manufacturing is a production process based on an ideology of maximising productivity while simultaneously
minimising waste within a manufacturing operation. The lean principle sees waste is anything that doesn’t add value that the
customers are willing to pay for. The core principle in implementing lean manufacturing is to eliminate waste to continually improve
a process. By reducing waste to deliver process improvements, lean manufacturing sustainably delivers value to the customer.

The types of waste include processes, activities, products or services that require time, money or skills but do not create value
for the customer. These can cover underused talent, excess inventories or ineffective or wasteful processes and procedures.
Removing these inefficiencies should streamline services, reduce costs and ultimately provide savings for a specific product or
service through the supply chain to the customer.

Waste in industry, whether that is idle workers, poor processes or unused materials are a drain on productivity, and lean
manufacturing aims to eliminate these. The motives behind this vary depending on opinion, from increasing profits to providing
benefits to customers. However, whatever the over-arching motives, there are four key benefits to lean manufacture:

1. Eliminate Waste: Waste is a negative factor for cost, deadlines and resources. It provides no value to products or services

2. Improve Quality: Improved quality allows companies to stay competitive and meet the changing needs and wants of
customers. Designing processes to meet these expectations and desires keep you ahead of the competition, keeping quality
improvement at the forefront

3. Reducing Costs: Overproduction or having more materials than is required creates storage costs, which can be reduced
through better processes and materials management

4. Reducing Time: Wasting time with inefficient working practices is a waste of money too, while more efficient practices
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create shorter lead times and allow for goods and services to be delivered faster
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Fig.1: Kaizen Method [11]
5. Project Planning:

In this paper, project planning has been done by referring international journals articles of various research and books.
After

referring journals and having a discussion with an industry expert, we found the area of research. Once identifying the area of the
research problem was defined with the help of the project guide. After discussion, the data related to the research area was collected.

By understanding the reliability process methodology, scope, tools used were identified. After this Kaizen methodology was
implemented and the result was analysed [2]

The case study is based on the research paper by following the implementation methodology [11]
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Fig.2: Project Planning [2][11]

LITERATURE REVIEW

(1) P. M. Rojarsra, M. N. Qureshi, "Performance Improvement through 5S in Small Scale Industry: A Case study ",
International Journal of Modern Engineering Research (IIMER), Vol.3, Issue 3, pp-1654-1660, 2013, (2) Adhau Ruchika
Anil, Dr. Javed G. Khan, Dr. S. P. Trikal et al. - Implementation of lean manufacturing tools to enhance the productivity
of agro equipment industry — [IMR (Volume 4, Issue 6) (3) Hudli and Inamdar (2010) - described the development of key
areas which could be used to assess the adoption and implementation of lean manufacturing practice also presented some
of the key areas developed to evaluate and reduce the most optimal project so as to enhance their production efficiency.
(4) Khedkar et al. (2012) worked on implementation of 5S on plastic moulding industry. 5S is used in small (2010)
described the steps undertaken for the implementation of 5S emphasizing on the benefit of an organization. Also described
the initiation and benefit of implementing the 5S. (5) Reflector Coatings in Automobile Lighting—Their Performance
Requirements, Substrates, Materials and Processing - L. Xu, R.E. Goltz, J.L. Holbrook, and S.H. Passwater, Guide
Corporation, Pendleton, IN - © 2001 Society of Vacuum Coaters 505/856-7188 85, 44th Annual Technical Conference
Proceedings—Philadelphia, April 21-26, 2001. (6) Automotive Lighting and Human Vision - Originally published - 12
November 2007, Authors -Peter Boyce, Burkard Wordenweber, Donald D. Hoffman, J. Wallaschek. has given details about
reflector coating design requirements. (7) Kaizen: The Key to Japan's Competitive Success - Originally published 1970,
Author - Masaaki Imai. (8) Jeffery K. Liker. The Toyota Way. 14 Management Principles From The World's Greatest
manufacturer. ISBN 13:978-0-07-139231-9. The McGraw-Hill. 2004. (9) Hassan Abdulmouti. The Key to Japan's
Competitive Success "Toyota Philosophy/Japanese Culture". Japan International Cooperation Centre (JICE). Official
Program of Japan-Saudi Arabia Academy Centre (JSAAC) with KAUST (King Abdullah University of Science and
Technology). Riyadh, KSA. 31st Aug.-4th Sept. 2010. (10) Majaharali S. Shikalgar, Dr. Javed G. Khan - Lean
Manufacturing Techniques to Enhance the Productivity of Base Coat Process in Automotive Lighting System — IJMR
(Volume 12, Issue 3 - V12I3-1206),2026 — described the lean techniques to improve the productivity of the base coat
process.

3. COMPANY BACKGROUND

Varroc is a leading global auto technology tier-1 company with a product portfolio covering a wide range of electrical,

electronics, lighting, polymer, metallic, after-market and advanced safety solutions. In plant there are various process are done to
manufacture the Automotive exterior lamps — like plastic component moulding, decorating process such as — basecoat, metallizing,

hard coating, Assembly of the components of the lamp & dispatch the final product to Automotive OEMs. The lamps are ornament
of the vehicle & has high level of aesthetic as well as performance requirements. Hence the product quality of the lamps is quite

critical to deliver. One of the critical operations is reflector made of glass filled thermoset that needs to apply the basecoat for the
highly surface finish to produce the good light distribution.

il

jii.

KAIZEN STRATEGY

. Value Stream Mapping

Value Stream Mapping (VSM) as explained in literature review is a visual tool used in lean manufacturing and lean
management to analyse the problem definition and revisit the design of flow of materials and processes required to on
done on a reflector. The goal was to identify and eliminate waste, improve efficiency, and streamline processes.

Gemba [11]
We followed Gemba methodology which is often used for the shop floor to see the actual problem that needs to be
addressed. We made some fact findings as below -

1. Two basecoat machine was running with full capacity each with 3 shifts.

2. Fixture capacity not enough produce desired productivity.

3. Static conveyor being used instead of new technology i.e. dynamic painting conveyor.

4. Static bell cup gun was used in base coat 1 due to which single reflector was being painted at one time.
ISHIKAWA
A TIshikawa diagram followed to map all possible root causes with the major contributing factors, such as people,
equipment, materials, environment, and methods. With the methodology as explained above an Ishikawa diagram was
prepared with the facts observed during Gamba. —

iv. Inference: Total 15 probable causes identified, all have been validated and found 2 significant causes as above.
V. Root Cause & Action: [11]

1. Root cause - Failure of static bell cup not considered in FMEA —Only one part was processed at a time in the chamber.
Action Plan — Based on the research it was observed that the Potential failure mode of static bell cup can be revised
and replaced with dynamic spray gun to increase productivity and reduce energy consumption.
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2. Root cause - Fixture cavity design with low capacity — It was designed considering the base coat application for 1
reflector at a time.

3. Action Plan: With the change in the base coat application process from static bell to dynamic spray gun, the reach of
the movable arm is increased. The fixture was modified by providing multiple cavities to increase basecoat reflector
productivity and reduce energy consumption.

5. CASE Studies of the Application:
Based on the reference research paper inputs, several production lines were observed for one week.
The modification suggested were implemented as below —
1. The reflector holding fixtures were modified for increase in no of cavities to occupy the maximum area of the encloser &
increase in productivity.

Fig.3: Reflector Holding Fixture

2. Removed the robotic arm that was being used for reflector movements
3. The Bell type nozzle changed from stationary type to robotic arm integrated nozzle. & new programming made for robotic
arm.

Fig.4: Spray gun with Robotic Arm

4. The base coat process was stabilized, and the production parts were validated.
5. Process validation requirements —

Internal Testing Summery

Sr.No Test Name Specification Evaluation Method Results
1 Base Coat Thickness 7to 17 um DFT Meter Ok
2 Peel Off Test No peel off allowed Tape test Ok

| Validation Report - ok 1 Peel Off Test - Ok ‘

,-»; e Peel Off test LH Peel Off test RH

Table 1: Validation Data

6. The data collected as presented in table 1, table 2, table 3 & table 4. All the results are encouraging.
7. Efficiency calculation:
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a. Calculating energy saved
= Esaved = Ebefore - Eaftcr

b. Determine relative savings

E‘iﬂVC |
Percentage Reduction = ( saved ) x 100%
Ebe[om

6. Proposed changes & Investments incurred:

Fabrication material for encloser

Welding Expense

Painting spray gun holder for Robo arm

New Fixture development

5. Improved spray nozzle to cover maximum area

bl

7. Standardization:
a. Documentation:

Sr. No Document name Change content
1 Control Plan Update for fixture & process parameters
2 PFMEA Update for FMEA
3 PFD Update for process change.
4 QPS Update for work instruction.
5 FPA Update for fixture & process parameters

Table 2: List of Documents updated

b. Training, Additional Audit / Check
a. Awareness training given to respective operators about new fixture loading unloading, Fixture PM, Calibration.
b. Supervisors check sheet — Check point added in start-up check sheet
c. Checkpoint added in First part approval check sheet

c. Horizontal deployment
a. Implementation plan for improved basecoat process to remaining product lines

b. Standardization of the process to other Varroc sister plants

8. Application & Results:

a. Energy Saving - Reflector Line 1:

Before (Cavity - 1): After (Cavity — 4):

Sr. Dat Per Day Energy Consumption KWh/ Day Energy Saving - Reflector Line 1
ata .
No Requirement Before After -~ 7
P 350 & e £
1 Day 1 525 350 64 g O—<
2 Day 2 450 300 55 5
3 Day 3 480 320 59 &
4 Day 4 590 393 72 = z : 3 = =
5 Day 5 550 367 67 No of Days
6 Day 6 500 333 61 ——Before =@ After
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Total 3095 2063 378 Graph 1: Data from Reflector line 1

Table 3: Data from Reflector line 1
RESULTS:
a. Before: Energy consumption = 2063 KW/h
b. After: Energy consumption =378 KW/h
c. Reduce energy consumption by = 81.7 %.

b. Energy Saving - Reflector Line 2:

Before (Cavity - 2):

After (Cavity — 8):

SI'. Data Per Day Energy Consum DtiOH KWh/ Day Energy Saving - Reflector Line 2
No Requirement Before After =
1 Day1l | 630 210 38 ;
2 Day 2 600 200 36 g
3 Day 3 580 193 35 - D GG S
4 Day 4 700 233 42
5 Day5 | 580 193 35 B o
6 Day 6 650 217 39 = ol
Total 3740 1247 224 Graph 2: Data from Reflector line 2
Table 4: Data from Reflector line 2
RESULTS:

a. Before: Energy consumption = 3740 KW/h
b. After: Energy consumption = 1247 KW/h
c. Reduce energy consumption by = 82 %.

c. Energy Saving - Reflector Line 3:

Before (Cavity - 3):

After (Cavity — 16):

Sr. Data Per . Day | Energy Consumption KWh/ Day <. T

No Requirement Before After ” .

1 Day 1 735 160 22 . ~ 150 152 155

2 Day2 | 600 131 18 3

3 Day 3 690 150 21 3

4 Day 4 700 152 21 0—0—0—10 00
5 Day 5 710 155 21 B oo 0

6 Day 6 750 163 23 D R——
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Total 4185 911

125

Graph 3: Data from Reflector line 3

Table 5: Data from Reflector line 3
RESULTS:
a. Before: Energy consumption = 4185 KW/h
b. After: Energy consumption =911 KW/h
c. Reduce energy consumption by = 86 %.

d. Energy Saving - Reflector Line 4:

Before (Cavity - 3): After (Cavity — 12):

~. «n
N

SI'. Data Per Day Energy Consum DtiOIl KWh/ Day Energy Saving - Reflector Line 4
No Requirement Before After
1 Day 1 525 120 21 g
E 91
2 Day 2 450 103 18 E
3 Day 3 400 91 16 2 >
21 18 B— 20
4 Day 4 500 114 20
5 Day 5 490 112 20 e
6 Day 6 550 126 22 —e—tefore —e—After
Total 2915 666 116 Graph 4: Data from Reflector line 4
Table 6: Data from Reflector line 4
RESULTS:

a. Before: Energy consumption =2915 KW/h
b. After: Energy consumption = 666 KW/h
c. Reduce energy consumption by = 82.5 %.

9. RESULTS AND DISCUSSION:
The KAIZEN philosophy - "change for the better" worked as mentioned in the research paper. It was a great success achieved by
applying lean techniques to propose the change as per the research data. The result was presented to management and are well
appreciated. The involvement of all the cross functional teams makes it easy. We achieved -
a. Increase in productivity
Reduce energy consumption - Total Energy saving = ~80 %.
One base coat machine is completely stopped and only one base coat runs with two shifts.
Customer lines are secured, and Capacity increased and available for new business.
Master fixtures help us to maintain application issues.

oo o

10. CONCLUSION

The study of Kaizen implementation within Varroc Engineering Ltd demonstrates that sustainable operational excellence is not
achieved through massive, one-time capital investments, but through the relentless pursuit of continuous, incremental
improvements.

By successfully fostering a culture of "Change for the Better," the organization has moved beyond mere manufacturing to a state of
lean synchronization. The core findings of this project highlight three critical success factors are elimination of Waste (Muda):
Through the disciplined application of Kaizen tools (such as Gamba, Ishikawa, and Value stream mapping), the company
significantly reduced non-value-added activities, leading to optimized process of base coat application and reduced lead times. It
represents truly
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a "people-centric" philosophy. Success was driven by involving shop-floor workers in problem-solving, which boosted morale and
ensured that improvements were practical and long-lasting. By standardizing successful improvements, the company created a
stable baseline for the next wave of innovation. [11]
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