FOUNDATION

;m B ASTUDY ON IDENTIFYING SKILL
| & TECHNOLOGY GAP OF JASHORE
;d LIGHT ENGINEERING CLUSTER
S

-

Er E

o "-I._.
L 2=
o .

—

. )
i [y

Department of Industrial and Production Engineering
3040 Jashore University of Science and Technology

o : - -i.‘:"_\.
! e |.|-.-.1Tij
¥ 3
LY,




Final Report
On

A Study on Identifying Skill and Technology Gap of Jashore Light
Engineering Cluster

Submitted to

SME Foundation
Royal Tower, 4 Panthapath
Dhaka-12135

Prepared By:
Department of Industrial and Production Engineering
Jashore University of Science and Technology

Moy — e g ™



Research Team

Dr. A. 8. M. Mojahidul Hogue

Associate Professor

Department of Industrial and Production Engineering
Jashore University of Science and Technology

Abid Hossain Khan

Lecturer

Department of Industrial and Production Engineering
Jashore University of Science and Technology

5. M. Tazim Ahmed

Lecturer

Department of Industrial and Production Enginecring
Jashore University of Science and Technology

Page | 2



Table of Contents

IR L I
Listiof Fignares o i i

List of Abbreviations..............cccoiieein.

Executive Summary................

1.1 Cluster Development Concapts... ..o oo cveie oo ceeceeeee et eeeevvenere vnanns
1.2 Descripion of Jashore Lighi Engineering Chaster... ... .oooooviiiiniiiiin s,
N Ranenale e S - e e e

1.5 The Methodology Followed by SMEF and IPE, JUST for this Project..........

A B T

2.2 Data Collection... ... ........

2.3 Study Area and Sample Determination...................
2 4 Focus Group Discussion (FGD)....................

2.5 Key Informant Interview (KII)................

2.6 Survey and Interview Procedure......................

2.7 Data Analysis,...............

3.0 CURRENT LIGHT ENGINEERING SCEMARIQ. .. ... ... .coooviciiiiiricaeccr i

3.1 Global Industrial Scenario.. ... . v i i e iai i

3.2 Current Scenanio of Light Engineering Industries in Indlia... ... ..........oo.o...
3.3 Current Scenario of Light Engineering mn Industries Taiwan... ..................

3.4 Light Engineering Sector in Bangladesh. .. .................
3.5 Jashore Light Engincering Cluster... .....................

4.0 TECHNOLOGIES TN THE CLUSTER. ;. ..iiovuiimss s vas e s i soss wessasiessaniss
4.1 Existing Technologies in the Foundry Industries of the Cluster............... ...

4.1.1 Sand CaSting. .. ... ... .coovvvee s oo ire e

4 1.2 Crucible FUMBCE . .. . oo o i ees oo vee e es e e ers e vae een s
B0, 3 CUPOlE FUIMBOE. . .. oot ars e cneses senerenaes ot e vas som s eeeenans ees

Page | 3



4.1.4 Induction Furnace. ..

4.2 Existing T&:hnnlﬂgle.?. in the Eng_maenng Wﬂfkshnpa of the Cluster, ..
4.2.1 Conventional Lathe Machine. ..o,
4.2.2 Conventional Milling Machine. .. .. ..............cc..000

4.2.4 Shaper Machine... ...._..................
4.3 Heat Treatment of Ferrous Metal ... ...

434 Tempening ... _.,...

43 Caet AR eI - e A T e e s

4.4 Process Flow Diagram.,. ...,

T R PO R (RN T TR LR iR S A T
A4 Enpinarrinl WY e it b e o T o A e
4.5 Comparison with More Advanced Technologies................cooviieeiervnans
5.0 SKILL AND TECHNOLOGY GAP ANALYSIS. .. ... oo cee i vieems cnnareas
5.1 Findengs oo Field Sarvey. oo il sl s L i
5.2 Technical Workforos inthe CHaster. .. ... .....c.ocoviiiimervis s rissessss snn oss
5.3 Findings from FGIDS... ... oo veuiie oo in v cun vee s vin s s vee s cee v vam s srmasenn

5.4 Findings from Klls. ..

55Suggestadhmﬂnsmthe"n.n’ahdatmn‘i‘ir’urkﬁhup...........
6.0 MAJOR CHALLENGES AND SUGGESTIONS..........

6.1 Challenges. ..

6.2 Suggestions. .. ....ooeeviiee o
TOBWOTANALYSIS. ..o oo sninninns
7.1 Strength... .......

W VBRI .. oo om oo s v i s e

7.4 Threat........

7.5 Strategic Direction of the ActionPlan.. ...................,
7.5,1 Manufacturing Technology Up-gradation............

TR Nebwoa e .. o s i

7.5.3 Buginess Development Service (BDS) Provider Development. .. ...........

oy — Roidiusset”

31
31
32
32

a ERES

35

35
36

36
36
37
43
43
6
36
38
59
62
6l
63
65
65

68
71
71
71

71

Page | 4



BB CEMNCEERI o i s s s e o T e e e

o



List of Tables

Table 1.1: Size and location of light engineering industries in Jashore Cluster... ... ...

Table 3.1: Summary of Jashore Light Engineering Cluster. .,

Table 5.1: List of universities/institutions with number of students passing each year .

Table 5.2; Key findings from FGDs... ... ..

Table:3.3: Findings from: e Bllg . o i d s sre s abbnisats gani
Table 5.4; Findings from the Validation Workshop. .. .......o..i e,

Misyai

14
24
56
36
58
39

Page | &



Figure 2.1:
Figure 3.1:
Figure 3.2:
Figure 3.3
Figure 4.1;
Figure 4 2:
Figure 4.3
Figure 4.4,
Figure 4.5:
Figure 4.6
Figure 4.7;
Figure 4.8:
Figure 4.9;
Figure 4.10:
Figure 4.11:
Figure 4.12:
Figure 4.13.
Figure 4.14:
Figure 4.15:
Figure 4.16:
Figure 4.17:
Figure 4.18:
Figure 4.19:
Figure 4 20:

List of Figures

Flowchart of the current research... ..o,
Top 20 countries with most industrial output..... .,

Growth of capital goods industry in India. .. ...

Global competrtiveness rank of Tatwan.,, ................cooc0 0.
PR KT . v i o ot s w0

00 T R s U e e
Induction fomace...........c.oocieeen.

WG MEehIng i b s s

Drlling machine... ... ... i

Shaper Machine_ .................. .

Process Flow Diagram for Sand Casting. .. ... ............ooociiiiin v i
Process Flow Diagram for Gear Manufacturing. .. ........................
Process Flow Diagram for Crankshaft Manufacturing... ...............

Pressure Die Casting.... ...
Lertniiugal CoRRBE. i v s e i e e
Semi-Automatic Lathe Machine... ..__..................0oc0n
A typical CNC Machine. . ...,

N DypeRl AT PRAIer L A s
A Typical Coordinate Measuring Machine (CMM).._ ... ...

Duetile Tron Casting Part..

17
20
22
23
26
28
28
30
31
32
13
13
36
37
37
38
38
39
40
40
40
41
41
rh)

Figure 5.1: Type of Furnaces used in Jashore cluster..
Figure 5.2; Worker male-female ratio analvsis (for fuunﬂry mdl.ﬁtr_',' lJTll_'g.l':I ...........
Figure 5.3: Number of workers in each foundry industry. ..

Figure 5.4: Worker skill matrix (for foundry industry unij,f‘_]

Figure 5.5: Type of prodw:ls pmdm&d OT SErvices pmwde:d in ﬂIE:‘I.'n'ﬂI'IEShﬂ]}E of
Jashore LE clusters. .. : T 45

Figure 5.6: Worker male-female ratio analysis l[fi:-r engineering wrirshnpﬁ unlj.f}.-. 46
Figure 3.7: Number of workers in each engineering workshop... ... oo 46

S EES

Figure 5.8; Worker skill matrix (for engineering workshopsonly)... .................. 47

Page | 7

Wﬁ g‘é"



Figure 5.9: Types of Machines used in engineering workshops. .. ..

Figure 5.10: Number of machines in each engineering workshop............ ..

Figure 5.11: Country of origin (lathe machmne)... ... ...

Figure 5.12; Country of origin (Milling Machine... ... ..................

Figure 5,13; Country of origin (Drilling machine)...
Figure 5.14: Country of origin {Welding machmej

Figure 5.15: Country of origin {cutting, gnndmgandhmuug ma:;hme}.-.......

Figure 5.16: Country of origin (boring machine)... ...............

Figure 5,17: Country of origin (shaper machine)......_.........cocoviviiniiiiine i

Figure 5.18: Country of origin (hydraulic press and ball press). ..
Figure 5,19 Workforce category in Jashore LE Cluster...

Figure 5.20; Institutional training of workforce in Jashore LE Cluster...... ...

Figure 5.21; Mindset towards importance of guality testing. .. ... ...

Figure 5.22: Knowledge of latest technologies. .. ... ..o iinieeiie o,
Figure 5.23: Mindset towards environmental pollution. .. ... ............................

Figure 5.24: Mindset towards using FPE... ... ... ... ...,

Figure 5.25; Expectation of the Industry Owners of the Cluster........................

47

48
49
49
50

51
31
=4
52
33
53

o ER

33

Page | 8



Acknowledgement

We would like to express our gratitude and sincere appreciation to SME Foundation who
financed the whole study.

We would hke to express our thanks to Bangladesh Engineering Industries Owners
Association (BETOA), Jashore for their valuable support for conducting the study,

We would like to acknowledge our greatest thanks to all foundry and machining industries
owners and workers for their support in understanding the skill and technology gaps in the
cluster.

We would like to express our thanks to honorable Vice-Chanecellor of Jashore University of
Science and Technology (JUST) for his support to conduct this study.,

We express our thanks who directly and indirectly helped us for completion of the study.

At last, we are unfortunately not able to include all the names of all those who have
contributed to perform this project work

Dr. A. 5. M. Mojahidul Hogue
Team Leader (Project)
Industrial and Production Engineering, JUST



Executive Summary

This study has addressed the present state of the skill and technology of Jashore Light
Engineering Cluster, This study has also identified the present capability and future potential
of the cluster as well as the skill and technology gap. Time-bound sirategies and interventions
are also developed for reducing the skill and technology gap.

Light Engineering (LE) sector is one¢ the promising sectors in Bangladesh. This sector
produces around 50% substitutes of the products that were previously imported from other
countries. Jashore Light Engineering cluster is one of the prominent industrial zones located
in the southwestern region of Bangladesh. According to Bangladesh Engineering Industry
Owners’ Association (BETOA), 246 listed workshops are located in this cluster and the major
products and services of this cluster are sione crasher machine, manual chaff cufier machine,
agricultural machines and tools, automobile parts, mixer machines, poultry and fish feed
machines and other repairing services. However, the current performance of light engineering
sectors is not in the satisfactory level. Therefore, it is important to identify and study the skill
and technology gap of light engineering sectors in Jashore. In that case, it is very essential fo
have deeper understanding of the technical situation, export potentials and required skills of
light engineering sectors in solving their problems and managing their businesses more
effectively for survival, growth and sustainability.

The purpose of this study was to identity the skill and technology gap of the light engineering
workshops mn the Jashore Cluster. This study was carried out with the financial support of
SME Foundation, Bangladesh. A total of 193 industries were surveyed; among them 15 were
foundries and 178 were engineening workshops. A total of 223 persons were interviewed;
among them 181 were owners and, 12 were supervisors and 30 were workers.

Although most of the foundries employ the modern casting technology, they have knowledge
gap about the materials composition, mold, heat treatment eic. On the other hand, the
engineering workshops are using the conventional machines and equipment. Training and
common information repository are required for the owners and workers of foundry
industries. Semi-automatic and modern machines can be introduced in the engineering
workshops to improve the productivity and the quality of the products. J

) - Page | 11
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CHAPTER 1
INTRODUCTION

1.1 Cluster Development Concepts

The economy of Bangladesh has been growing at a steady rate since past few years.
However, the economy of the country is highly dependent on the agricultural sector. Only
agriculture alone can’t take this economy any further. The one and only way to sustain our
GDP growth greater than 6%, which the country has successfully maintained for the past
eight vears (2011-2018)", is to focus on the industrialization of the country. Nevertheless, the
socio-economic state of the country has to be more stable for going all-out towards Large-
Scale Industrialization. As a result, Small and Medium Enterprises (SMEs) are the most
realistic approach for economic and social development, Through employment creation,
income generation and poverty alleviation, SMEs can change the whole scenario of the
country. The Government of Bangladesh has taken vanous steps for SME development
across the country; Formation of Small and Medium Enterprise Foundation (SME
Foundation) is such an initiative, As most SMEs are located in geographically dense locations
called "Clusters’, it is of great importance to understand existing situation, identify problems
and potentials of SME clusters in order to formulate suitable imterventions for their
development. Till date, SME Foundation has identified 177 SME Clusters in 51 districts of
Bangladesh.” There are maximum 38 Handicrafts & Miscellaneous clusters followed by 34
Agro-Processing/ Agri-business/Plantation, 31 Light Engineering and Metal working, 22
Enmitwear & Readymade Garments, 16 Fashion Rich Effects, Wear & Consumers Goods, 13
Leather Making & Leather Goods clusters, 10 Handloom &Specialized Textiles closters, 5
Healthcare & Diagnostics clusters, 3 Plastics & Other Synthetics, 3 Electronics & Electrical,
and 2 Educational Services clusters in Bangladesh. These clusters are located in 51 different
districts and there are 13 districts namely Netrokona, Rajbari, Narail, Meherpur, Lalmonirhat,
Sunamgan], Barguna, Bhola, Patuakhali, Noakhali, Bandarban, Rangamati and Khagrachari
where no clusters are found®,

Light Engineering Industry (LEI) may be called the “heart™ of all industry segments in
Bangladesh. As a result, they have been stated as one of the highest priority sectors in the

! https-/idata worldbank. org/indicator/NY, GDP MK TP KD ZG7end=2018&locations=BDdstan=2011
{Accessed at 11.00 am, 0802 2020)

* hitps:/foynal wordpress com/201 840330 role-of-sme-clusters-in-bangladesh-economy/ { Accessed at 12.00
pm, 08022020
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Mational Industrial policy 2016, It has emerged as a potential cost-cutting sector by
accounting for around 50% substitutes of the products that were previously imported from
other countries”’ This sector is providing critical support to other heavy-industrial,
agricultural and construction sectors by manufacturing a wide range of spare parnis, castings,
molds and dices, oil and gas pipeline fittings and light machinery, as well as repairing those,
Multiple survey data suggest that electrical goods such as switch, socket, light shed, channel,
cables and electrical fans, generator, which are manufactured by the LEls, are now meeting
48% to 52% of the country's demands, which was previously met through import.® Export
growth is projected to be around 30%.% It also provides backup support to cement, paper, jute,
textile, sugar, food processing, railway, shipping, garments capital machineries by repairing
and maintaining the imporiant paris. A recent study conducted by International Finance
Corporation (IFC) in partnership with UK Deparfment for International Development and
Morwegian government has shown that LEI has emploved thousands people involved 10,000
Small and Medium Enterprises.” The sector is suffering from technological obsolescence, low
productivity, lack of market linkage, etc. Major LEI clusters are located in Dhaka,
Chattogram, Sylhet, Bogura and Jashore. The purpose of the study is to in terms assess
technological situation of Jashore Light Engineering Cluster. The study will also emphasize
export potential, value chain development and opportunity for sub-contracting and production
networking for the Jahore Light Engineering Cluster.

1.2 Description of Jashore Light Engineering Cluster

Jashore Light Engineering cluster is one of the prominent industrial zone located in the
southwestern region of Bangladesh. Light engineering industries in Jashore are
manufacturing parts for vehicles, shallow machines, stone breaking machines, agricultural
machineries etc. According to Bangladesh Engineering Industries Owners Association
(BEIOA), Jashore, around 256 light engineering industries are spread across Jashore Light
Engineering Cluster. The numbers of light engineering industries in different location of the
cluster has been given in Table 1.1

* hetpfiwww bpe.org bd/lepbpe._current_sector_profile php (Accessed at 01.00 pm, 08,02.2020)
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Table 1.1: Size and location of light engineering industries in Jashore Cluster

Location Number of Light Engineering Industries
Shnkarpur & Jail Read 07
Rangamati Garage, Khaldhar Road 0%
Maldanga, Motun Bazar 19
R N Road 08
Khajura Bus Stand & Old High Court Mor 16
Arabpur o7
Chancra & Puler Hat 19
Marail Road, Hamidpur 28
Murali Mor 74
Khulna Road, RAR Office 33
Aur Masjid, Khuina Road 36
Rajar Hat, Rupdia & Kanaitala 22
Keshabpur Bus Stand, Dhaka Road 12
Bacic, Jashore 17

1.3 Rationale of the Study

Light engineering Sector is one of the most important segments of economy in Bangladesh.
Light engineering Sector is getting the highest priority from policymakers due to its already
proven multidimensional contribution to the socioeconomic environment of our country.
Honorable Prime Minister of Bangladesh has announced “The Light Engineering goods' as
‘Product of the vear® for 2020, Light engineering enterprises are easy to start, require only
minimum capital, employ a comparatively higher number of people, and produce goods that
meet local demands as well as contribute to export earnings. This sector is a potential sector
in terms of value additions and creation of employment opportunities. However, contribution
of light engineering sector to GDP in Bangladesh is still in unsatisfactory level. According to
SMEF Bangladesh, presently contribution of SMEs to GDP is estimated 25% of which 2% is
from light engineering sector, which is still lower than many other countries' These
contributions need to be enhanced for maintaiming the economic balance of our country.
However, the major challenge for the government is to enhance the pace of growth of light
engineering sector 1o place the country’s economy in a sound place and get the benefits from

‘Ahmed K, Chowdhury TA. Performance evaluation of SMEs of Bangladesh. Intermnational journal of Business
and Management, 2000 Jul,4{7):126-33.

@V Madbosse ‘%LET
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globalization through maximum utilization of limited resources. Unemployment problem is
another challenge for the government and it can be minimized through the development of
light engmeering sector, But, the current performance of light engineering sectors is not in the
satisfactory level. Therefore, it is important to identify and study the skill and technology gap
of light engineening sectors in Bangladesh. In that case, it 15 very essential to have decper
understanding of the technical situation, export potentials and required skills of light
engineenng sectors in solving their problems and managing their businesses more effectively
for survival, growth and sustainability. For this reason, this particular study aims to identify
the skill and technology gap of Jashore Light Engineenng Cluster.

1.4 Ohjectives
The objective of the study are:

1. To explore the present state of the technology and skills in the Jashore Light
Engineening Cluster.
i,  Toexplore present capability and future potential of the cluster.
iii.  To identify technology and skill gap of Jashore Light Engineering cluster,
iv, To develop time-bound strategies and interventions for reducing the technology and
skill gap,

1.5 The Methodology Followed by SMEF, Bangladesh and IPE, JUST for this Project

1, Detailed questionnaires are prepared in discussion to SMEF Bangladesh officials for
understanding the skill and technology gap in the cluster. The detailed questionnaires
have been given in Annexure 1, Annexure 2 and Annexure 3,

2. Omne to one interviews with the industry owners, supervisors and workers has been
done in their factory and offices and are recorded. Some snapshots are attached in
Annexure 4.

3, Three focused group discussions (FGDs) have been conducted with foundry owners,
machining industry owners and workers regarding the skill and technology gap in the
cluster. Some snapshots of FGDs are attached in Annexure 4.

1.6 Scope of the Study

L

The scope of the study is to focus on the assessment of technology and skill gap in the
Jashore Light Engineering Cluster. The industries/'workshops/units to be covered in this study
will include all industries/workshops/units of the micro, small and medium scale involved in

W ‘ g . Page | 15
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manufacturing different casting parts and different machining and finishing operations as
well as those indusines/workshops/units involved in repainng different automobile parts. The
main technologies used in this cluster include induction fumace, coal fumace, sand casting,
and lathe machine, drill machine, milling machine, shaper machine, gas welding and some
small hand tools. All these technologies are to be studied extensively to identify the gaps with
the standard technological practice and to find out the solutions to these gaps. The study is to
be done in close consultation with the existing industry/workshop owner, workers and
supervisors. The findings of this study are to be validated by the stakeholders (industry
associations, entrepreneurs, cluster experts, and government bodies) through a validation
workshop to be organized before finalization and submission of the study to SME foundation.
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CHAPTER 2
METHODOLOGY

2.1 Research Design

This research was conducted as per following flowchart given in Figure 2.1. Each step has
been broadly described accordingly.

Formation of Review of previous
research team l literature

Preparing checklist for FGD & KII
and designing survey
quesiionnaire
¥
Primary field visit
Preparing and submitting
inception report

Finalizing the
checklists and
questionnaire

Conducting FGD, KII and Survey

Data collection
.
Data analysiz and draft report
preparation

'

Vahdation workshop and
presentation

. »

Final report submission

Figure 2.1: Flowchart of fhe current research
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2.2 Data Collection

This research have used both qualitative and quantitative approaches and will collect primary
and secondary data. Primary data has been collected through key informant interview (KII),
focus group discussion and field survey, Secondary data has been collected through different
documents and reports.

2.3 Study Ares and Sample Determination

Data has been collected from various stakeholders in Jashore Light Engineering Cluster.
Initially, 1 was mentioned by Jashore Chamber of Commerce that there are 256 listed and
184 unhsted hght engincenng enterpnises in Jashore Cluster, total number being 440.
According to Cochran (1963) sampling techmique, the sample size for survey is 210,
However, according to the list provided by Bangladesh Engineering Indusiries Owners
Association (BEIOA), Jashore, 246 light engineering industries were found, among which
some of the industries have closed their businesses. Also, some of the industries listed didn't
have a single lathe machine or milling machine, which are the key components of an
engineering workshop. Therefore, this stody was conducted on 193 light engineerning
industries in Jahsore Light Engineering Clsuter,

Notes: The population size (No. of light engineering enterprises) is collected from
Bangladesh Engineering Industry Owners Association, Jashore branch. The population size is
440. To estimate the number of sample survey we followed Cochran {1963) sampling
techniques. This technigue uses the following formula to determine the sample size:

N

=1t Ne?

Where, n is the sample size, N is the population size and e is the level of precision (Here,
confidence interval is 95% so the precision e is 0.05).

2.4 Focus Group Discussion (FGD)

Three focus group discussions (FGDs) have been conducted for the cluster according to the
types of industries. Two separate FGDs were conducted with the foundry owners and
machining industry owners respectively. One FGD has been conducted with the workers and
technicians. This research has used audio and video recorder for transcription purpose. In this
study, the researchers have prepared a discussion gwide for FGDs. FGD will include the
following participants:
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i.  Foundry owners
i,  Machining industry owners

iii,  Workers and technicians

2.5 Key Informant Interview (KII)

KII has been conducted for primary data collection and will be conducted for validation of
the data, Altogether seven (07) Klls were conducted. In Klls several notable stakeholders
have been interviewed and their opinions were sought by using a KIT checklist The
participants for KII were:

i.  Patiern makers
1.  Raw matenals suppler
i, Chemical suppliers
iv.  Bank manager
v.  Consultant

2.6 Survey and Interview Procedure

The survey and interviews were conducted in both structured and semi-structured nature. All
the necessary information about the enterprises were collected according to  the
questionnaires and checklists which were prepared in consultation with SME foundation
officials (Annexure 1, Annexure 2 and Annexure 3). Interviews were digitally recorded and
noted on papers with the permissions of interviewees.

2.7 Data Analysis

The data has been analyzed using appropriate descriptive tools (for example, syntax, charts,
and cross-tables etc.) and multivariate techniques. SPSS and Microsoft Excel were used for
data analysis purpose.

: 5%‘:{5’ Page | 19



CHAPTER 3
CURRENT LIGHT ENGINEERING SCENARIO

3.1 Global Industrial Scenario

Industrialization is one of the basic requirements for the overall economic development of a
country. A country can never sustain its development through agriculture, IT or business
alone. They have to focus on industrialization. The countries that are currently dominating
the global economy are all industrially developed. Figure 3.1 shows the top 20 countrics with
muost industrial output. Anyone and everyone will notice that almost all of these countries are
either developed (like USA, China, Germany, etc.) or are trying to become developed ones
(like India, Brazil, etc.). These are also the ones with most economic growth in recent world,
Therefore, industrialization and economic growth are almost synonymous.

Countrics by industrial outpiat (in PPP terms) at penk level as of 2018 {billions in USD)

Taiwan == 450
Thailand e 270
Polond = 433
Canaxds e 53]
Tioky == 57
Unmited Kinpdom s 574
Iran == 503
France e 507
Bragl =70
Turkey — 710
Mexico —— ]
Saudi Arpbia S————— {7 ]
South Korea e 4]
Germany ——— 515
Russiz e 154
Isdonesia  e—— ] 400
Japan —————— 573
India ————— 2507
Uirited Stales o 1477
Buirajacan Lnscn e e ————— 552 0999
Ching o ey T e e e sy

Figure 3.1: Top 20 countries with most industrial output (Source:. IMF, 2018)
From the above figure, it may be easily understood that China alone is currently dominating
the market with its industrial expansion. Their vast country landscape and population makes
it possible. Another reason for their economic boom is that they are focusing on both heavy
engineering and light engineering sectors which most other countries are relying on the light
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engineering output of China to maintain their own heavy industries. This is why China has a
steady market with a constant demand for light engineering products

Recently, Taiwan has come to the focus of the global investors due to their light engineering
growth. They have entered into the top 20 industrial countries only because of their light
engineering sector, In many cases, their products are the substitutes of Chinese products,

Another country from South Asia that has grown fast is India, out neighbor. They are in the
third spot in global industrial output. They, just like China, have a vast land with huge
population resource, As a result, their indusinal sector is growing very rapidly. They are not
only focusing on heavy engineering industry but also on light engineening industries. Their
light engineering section has been able to support the local demand quite easily and are
exporting to other countries like Bangladesh, Sri Lanka, etc.

Since it is almost impossible for a couniry to achieve industrial growth of China or India
overnight, it is logical to focus on what is to be done first in order to lay the foundations of
the growth. The best example 15 indeed Taiwan, which has grown through Light Enginecring
alone, India has also shown that it is possible to save and earn foreign currency if light
engineenng industnes are developed enough. These two countrnies should be the role-models
for the industrial development of our country.

3.2 Current Scenario of Light Engineering Industries in India

India is one of the largest countries of the world with a growing economy. They have
achieved their constant economic growth through industrialization. The engineering sector is
the largest of the industrial sectors in India. It can be classified into two parts; heavy
engineering and light engineering. India’s engineering industry accounts for 27% of the total
factories in the industrial sector and represents 63% of the overall foreign collaborations®.

The light engineering sector has a major contribution to the overall economy of the country.
As on 2014, there were 22 public enterprises alone in medium and light engineering group
with an annual turnover of 14982 Crore Rupees®. The number of private enterprises is far
greater with much higher annual turnover, India is the 8% highest consumer and 12% in
production of machine tools globally’. Nearly 12% of India’s. total manufacturing is

L

* hitps:/fwww, equitymaster com/research-it/sector-info/engg/Engineering-Sector-Analysis-Report asp { Accessed
at 03.00 pm, 10,02 2020}

% Pub Enterprises Survey 2013-14, Vol IT, India

7 https:/fwerw. ibef orgfindustry/engineening-india. aspx ( Accessed at 04.00 pm, 10.02,2020)



contributed by the capital goods industry®. The sector is growing at steady rate for the past
few years, as shown in Figure 3.2. Turnover of capital goods industry is estimated to be
around USD 70 billion in the year 2017, India exports its engineering products to the US and
Europe, which is over 60% of the total exports. Engineering exporis for the period of FY19
were US$ 81.02 billion™.

Engineening Goods - Production

ﬂm ......-..--..".-..-.--. ga=T
441D
N J I

[

FY05 FY0s FY0? FYOR FYes FYID FYil FYIX FY13

In Rs. (Billion)

Figure 3.2: Growth of capital goods industry in India (SME Cluster Series 2014: Mumbai)

The government of India is also trying their level best to promote this sector as much as
possible. Government has proposed granting of loans up to Rs 1 crore (US$ 0.15 million) for
Micro, Small and Medium Enterprises (MSMESs) through dedicated online portal. Under the
Interest Subvention Scheme for MSMEs, Rs 350 crore (US$S 52.50 million) has been
allocated for FY 2019-20°.

3.3 Current Scenario of Light Engineering Industries in Taiwan

Taiwan is a great example of how a country can rise with the help of its Small and Medium
Enterprises {SMEs) This small island’s 1.4 million small to medium-sized enterprises (SMEs)
account for 98% of all private-sector companies and employ 80% of the workforce',
Taiwan’s industrial production index gained 6.08% year on year to a record 112.26 points in
July, 2019 on the back of growth in manufacturing and utilities, according to the Ministry of
Economic Affairs''. Manufacturing accounts for about 93% of the weighting, gained 6.77%’

o
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Taiwan has maintained good global competitiveness rank for the past few years, as shown in
Figure 3.3 This has been possible due to its manufacturing sector, mostly the light
engineering sector.
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Figure 3.3: Global competitiveness rank of Taiwan (Source: World Economic Forum, 2019)

3.4 Light Engineering Sector in Bangladesh

SME foundation has identified 177 SME clusters in Bangladesh, of which 31 are Light
Engineering Clusters (17.5%). It is believed that around 7,392 enterprises are operating in
these clusters. The annual turnover of the enterprises of these clusters is around 225456
million in BDT {USD 2.66 billion). This is nothing compared to the annual turnover of our
neighbor, India. However, it is to be noted that the size and population of India is far greater
than that of Bangladesh. Nevertheless, it is much lower than the annual turnover of Taiwan,
which is much smaller in size and population. Therefore, it may be stated that Bangladesh has
a long way to 2o to achieve industrial development through Light Engineering Sector,

3.5 Jashore Light Engineering Cluster

According to the SME Cluster Report-2013"2, Jashore light engineering and metal working
cluster may be divided into two product catepories:

# Bodies of motor cars, repairing, lade and coloring: These industries are located in
Bokchar and Jashore Sadar. The number of enterprises is found to be 900 with
approximately 6,000 Decimal land area and 20,000-30,000 emplovees in 2013,

Y Cluster Report 2013, SME Foundation
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¥ Textile mills parts, concrete breaking machine, medicine making machine: These
industries are located in Jashore Sadar, The number of enterprises is found to be 200
with approximately 50,000 Decimal land area and nearly 40,000 employees in 2013,

From the SME Cluster Report-2013, it may be observed that the number of industries in
Jashore cluster is found to be 1100 in 2013, This includes both light engineering industries
{foundries, welding shops, etc.) and metal work industries (sheet metal industries, truck body
building industries, etc.). There are a variety of products manufactured in the enterprises of
this cluster. However, this study focuses on the light engineering sector, i.e. the foundries and
engineerning workshops located in Jashore cluster. Therefore, the number of industries which
are within the scope of this study is much lower than the total number of industries in this
cluster. Also, the SME Cluster Report is more than 6 years old. During this time period, many
industries in this cluster have shut down due to lack of facilities and development in this
cluster. Table 3.1 presents the curmrent scenario of the light engineering sector in Jashore

Cluster.

Table 3.1; Summary of Jashore Light Engineering Cluster

Cluster Category Light Engineering
Luocation JTashore
Cluster Sub-category Foundry and Engineering Workshop
Mumber of Enfurprizes
Foundry 15
| Engineering Workshop 178
Mumber of Employess
Foundry 856 (793 Male and 63 Female)
| Engineering Workshop 117% (1173 Male and 6 Female)
Average number of employees/ Enterprise
Foundry 57
| Engineering Workshop T
Products
Foundry Centrifogal Pump, Tube-well, Automobile
Parts, Agncultural Machine Pards, Ship
Propeller, Aluminum Products, etc.
Enginesring Workshop Automobile Parts, Agriculiural Machinery,

Food Industry  Machinery, Textile Mill
Machinery, Construction Industry Machinery,
Brick Field Accessories, Soar Mill, ete.

Total Annual 'T"_l.n'rmw{'['k_ i millions)

37912 {Approx, )

Anmuzal Raw Material Consumption
Foundry

Iron {in Tons) 12,360.0 { Appros. )
Aluminizm (in Toms) 271.2 (Appros.) 2
Carbon Block (in Tons) 3297 (Approsx. )
Miniasses (in Barrels) T3 {Approx.)
Sand (Trucks) 744 {Approx.)
Carbon Powder (Bags) GE0 {Approx. )
Taleum Powder {Bags) 1,980 (Approx. )
Engineering Workshop

ot Jus
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[ Iron [in the form of MS or CI] (in Tons) 34382 (Approx.)
Aluminum 54.6 (Approx. )
Brass BL0 {Approx. )

According to Bangladesh Engineering Industry Owners’ Association of Jashore, there are
around 300 heavy and light engineering industries in Jashore. It is also assumed that this
district alone has an annual production of goods worth 10,000 million in BDT (USD 117.73
million)"*, which is significant enough. This sector has grown without the help and support of
the government. Therefore, he believes the government initiative can take this light
engineering sector to a much higher state.

" en.bhartaZ4 net/special-strow 201 6/06/02/23594
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CHAPTER 4
TECHNOLOGIES IN THE CLUSTER

4.1 Existing Technologies in the Foundry Industries of the Cluster

Like any other foundry industry, the foundry industries in Jashore Light Engineering Cluster
employ two basic processes; metal melting and casting. Due to seasonal variation of product
demands in this region, all of the foundries in this cluster have chosen sand casting process,
For metal melting, they have chosen different types of furnaces. The existing technologies n
the foundry industries of this cluster are presented in this section,

4.1.1 Sand Casting

Sand casting is the most widely used casting process, accounting for 60% of all the metal
casting processes. In this casting process, expendable sand molds are prepared to form
cavities of the exact shape of complex metal parts. Since the sand mold has to be destroyed in
order 1o remove the part, sand casting has a low production rate. However, the imvestment
cost for sand casting is very low and sand is quite abundant in nature. This is why it 15
preferred for most casting purposes

Lw‘,j

Ewmm\

Casiing
Pating ling

Figure 4.1: Sand Casting Process (Image Courtesy. castormpartnet oomt)

In sand casting process, metal is melted in the fumace and then poured into the cavity of the
sand mold, which is formed with the help of a pattern. Afier solidification, the metal part is
removed from the sand mold. The process cycle for sand casting has six stages, which are:

f’i\ﬂjﬁ/ .
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Mold-making: The first step in the sand casting process is to create the mold, A sand
maold is formed by packing sand into a molding box. The mold box has two parts;
cope and drag. Sand is packed around the pattern, which has the exact shape of the
part to be cast. When the pattern is removed, a cavity is formed where metal will be
solidified. If there is any internal feature that cannot be formed by the pattern,
separate cores made of sand are used. The mold-making time includes positioning the
pattern, packing the sand, and removing the pattern. The surface of the cavity is then
heated and baked to increase strength of the mold. Lubrication is often applied to the
surfaces of the mold cavity to facilitate easy removal of the cast metal part

Clamping: Once the mold 15 ready, the molding box halves are closed and clamped
together.

Pouring: The molten metal in the furnace is poured in the mold cavity using a tapered
passage called runner. Enough molten metal must be poured to fill the entire cavity.
To account for the shrinkage of the molten metal, excess molten metal is stored in a
separate reservoir cavity 1s prepared in the sand mold called riser.

Cooling: Once the molten metal is inside the cavity, it starts to solidify due to cooling.
The mold cannot be opened until all the molten metal has solidified.

Removal: After solidification process, the sand mold is destroyed to remove the cast
metal part. Once removed, the cast product may have some sand and oxide layers over
its surface. Proper cleaning is required to remove sand from the external surface of the
part.

Trimming: In order to account for casting defects, the mold cavity is usually made
larger than the original size of the desired product, This excess material due to the
larger shape must be trimmed by machining. The scrap material resulting from
machining process is either discarded or reused in the sand casting process.

4.1.2 Crucible Furnace

Crucible furnaces are one of the oldest and simplest types of melting unit used in a foundry.
The furnaces use a refractory crucible which contains the metal charge. The charge is heated
via conduction of heat through the walls of the crucible. The heating fuel is typically coke,
oil, gas or electricity. Crucible melting is commonly used where small batches Ert‘ low melting
point alloy are required. The capital outlay of these furnaces makes them attractive to small
non-ferrous foundries. In Jashore LE cluster, the foundries that produce aluminum products
use crucible fumaces.
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Figure 4.2: Crucible furnace {Image courtesy: researchgate com)

4.1.3 Cupola Furnace
A cupola or cupola furnace is a melting device used in foundries that can be used to melt cast

iron, Mi-resist iron and some bronzes. The cupola can be made almost any practical size, In
Jashore LE cluster, the industries producing cast iron products are mostly using this
technology. The melting capacity ranges 3-10 Tons and the number of charges is usually 2-3
times a week.
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Figure 4.3: Cupola furnace (Image courtesy: learnmechanical com)

The construction of a conventional cupola consists of a vertical steel shell which is lined with
a refractory brick. The charge is introduced into the furmace body by means of an opening
approximately half way up the vertical shaft. The charge consists of alternate lavers of the
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metal to be melted, coke fuel and limestone flux. The fuel is burnt in air which is introduced
through tuyeres positioned above the hearth. The hot gases generated in the lower part of the
shaft ascend and preheat the descending charge.

Most cupolas are of the drop bottom type with hinged doors under the hearth, which allows
the bottom to drop away at the end of melting to aid cleaning and repairs. At the bottom front
is a tap hole for the molten iron at the rear, positioned above the tap hole is a slag hole. The
top of the stack is capped with a spark/fume arrester hood.

Typical internal diameters of cupolas are 450 mm to 2000 mm diameter which can be
operated on different fuel to metal ratios, giving melt rates of approximately 1 to 30 tons per
hour.

A typical operation cycle for a cupola would consist of closing and propping the bottom
hinged doors and preparing a hearth bottom. The bottom is usually made from low strength
molding sand and slopes towards a tapping hole. A fire is started in the hearth using light
weight timber, coke i1s charged on top of the fire and is burnt by increasing the air draught
from the towers. Once the coke bed is ignited and of the required height, alternate lavers of
metal, flux and coke are added until the level reaches the charped doors. The metal charge
would typically consist of pig iron, scrap steel and domestic returns.

An air blast is mtroduced through the wind box and tuyeres located near the bottom of the
cupola. The air reacts chemically with the carbonaceous fuel thus producing heat of
combustion. Soon after the blast is turmed on, molten metal collects on the hearth bottom
where it is eventually tapped out into a waiting ladle or receiver. As the metal is melted and
fuel consumed, additional charges are added to maintain a level at the charging door and
provide a continuous supply of molten iron,

At the end of the melting campaign, charging is stopped but the air blast is maintained until
all of the metal 15 melted and tapped off. The air is then turned off and the bottom doors
opened allowing the residual charge material to be dumped.

4.1.4 Induction Furnace

Electric induction furnace uses the electric current to melt metal. Metals which are melted in
an induction furnace include iron and steel, copper, aluminum, and precious metals because it
is a clean and non-contact process. It can be used in a vacuum or inert annnﬂp]";ere- Induction
furnaces are used in most modern foundries as a cleaner method of melting metals than
cupola furnace. The foundries inveolved in producing mild steel (MS) products have adopted
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this new technology. The melting capacity ranges 1-2 Tons and the typical number of charges
is 2 times a day.

:_:#qwm‘
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Figure 4.4: Induction fumace (Image courtesy: otto-junker.com)

The basic principle of induction fumace is the induction heating An induction furnace
consists of a nonconductive crucible holding the charge of metal to be melted, surrounded by
a coll of copper wire. A powerful alternating current flows through the wire. The coil creates
a rapidly reversing magnetic field that penetrates the metal. The magnetic field induces eddy
currents, circular electric currents, inside the metal, by electromagnetic induction, The eddy
currents, flowing through the electrical resistance of the bulk metal, heat it by Joule heating.
In ferromagnetic materials like iron, the material may also be heated by magnetic hysteresis,
the reversal of the molecular magnetic dipoles in the metal. Once melted, the eddy currents
cause vigorous stirring of the melt, assuring good mixing. There are two main types of
induction furnace: coreless and channel,

The heart of the coreless induction fumace is the coil, which consists of a hollow section of
heavy duty, high conductivity copper tubing which is wound into a helical coil. Coil shape is
contained within a steel shell and magnetic shielding is used to prevent heating of the
supporting shell. To protect it from overheating, the coil is water-cooled, the water being re-
circulated and cooled in a cooling tower. The shell is supported on trunnions to facilitate
pouring ‘

The channel induction furnace consists of a refractory lined steel shell which contains the
molten metal. Attached to the steel shell and connected by a throat is an induction unit which
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forms the melting component of the furnace, The induction unit consists of an iron core in the
form of a ing around which a primary induction coil is wound. This assembly forms a simple
transformer in which the molten metal loops comprise the secondary component. The heat
generated within the loop causes the metal to circulate into the main well of the fumnace. The
circulation of the molten metal effects a useful stirring action in the melt.

4.2 Existing Technologies in the Engineering Workshops of the Cluster

The engineening workshops of Jashore LE cluster manufacture a wide variety of products.
Interestingly, they are doing these using very old-fashioned and conventional machine tools.
Most of the machines are very old and don’t possess the necessary tools for high-precision
manufacturing. However, the workers and supervisors in this cluster are skilled enough to get
the most out of these machines. The most commonly used machines and technologies in this
cluster are presented in this section,

4.2.1 Conventional Lathe Machine

Machining is one of the most important material removal methods in the technology of
manufacturing. It 15 basically a collection of material working processes that involves other
processes such as drilling, shaping, sawing, planning, reaming, and grinding among others.
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Figure 4.5; Lathe maching {Tmage Courtesy: mechdztudy. com)
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4.2.2 Conventional Milling Machine

The milling machines are also known as the multi-tasking machines (MTMs) which are
multi-purpose machines capable of milling and tuming the materials as well. The milling
machine has got the cutter installed up on it which helps in removing the material from the

surface of the work piece. When the material gets cooled down then it is removed from the
milling machine.
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Figure 4 6. Milling machine {Irmage Courtesy: mechdstudy. com)

4.2.3 Drilling Machine

The drilling machine or drill press is one of the most common and useful machine employed
in industry for producing forming and finishing holes in a work piece. The unit essentially
consists of a spindle which turns the tool (called drill) which can be advanced in the work
piece either automatically or by hand and a work table which holds the work piece rigidly in
position. The rotating edge of the drill exerts a large force on the work piece and the hole is
generated, The removal of metal in a drilling operation is by shearing and extrusion.
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Figure 4.7: Drilling machine (Image Courtesy: mechdstudy com)
4.2.4 Shaper Machine

The shaper machine is a reciprocating type of machine basically used for producing the
horizontal, vertical or flat surfaces. The shaper holds the single point cuiting tool in ram and
work piece is fixed in the table.

Figure 4.8; Shaper Machine (Image Courtesy: mechdstudy com)
During the forward stroke, the ram 15 holding the tool is reciprocating over the work piece to
cut into the required shape. During the retumn stroke, No metal iz cutting. In the shaper
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machine, the rotary motion of the drive is converted into reciprocating motion of ram holding
the tool.

4.3 Heat Treatment of Ferrous Metal

In Jashore LE cluster, the foundnes that manufacture MS and CI products utilize different
heat treatment processes. Also, some engineering workshops take the advantapge of heat
treatment, although the number of workshops doing so is very few. All heat-treating
operations mnvolve the heating and cooling of metals. The common forms of heat treatment
for ferrous metals used in this cluster are annealing, normalizing, hardening, tempering, and
case hardening.

4.3.1 Annealing

Metals are annealed to relieve infernal stresses, soften them, make them more ductile, and
refine their grain structures. Metal is annealed by heating it to a prescribed temperature,
holding it at that temperature for the required time, and then cooling it back to room
temperature, The rate at which metal is cooled from the annealing temperature varies greatly.
Steel must be cooled very slowly to produce maximum softness, This can be done by burying
the hot part in sand, ashes, or some other substance that does not conduct heat readily
(packing), or by shutting off the fumace and allowing the furnace and part to cool together
(furnace cooling).

4.3.2 Normalizing

Ferrous metals are normalized to relieve the internal stresses produced by machining, forging,
or welding. Normalized steels are harder and stronger than annealed steels. Steel is much
tougher in the normalized condition than in any other condition, Parts that will be subjected
to impact and parts that require maximum toughness and resistance to external stresses are
usually normalized. Normalizing prior to hardening is beneficial in obtaining the desired
hardness, provided the hardening operation is performed correctly, Low carbon steels do not
usually require normalizing, but no harmful effects result if these steels are normalized.
Mormalizing is achieved by heating the metal to a specified temperature {which is higher than
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cither the hardening or annealing temperatures), soaking the metal until it is uniformly
heated, and cooling it in still air,

4.3.3 Hardening

A ferrous metal is normally hardened by heating the metal to the required temperature and
then cooling it rapidly by plunging the hot metal into a quenching medium, such as oil, water,
or brine, Most steels must be cooled rapidly to harden them. The hardening process increases
the hardness and strength of metal, but also increases its brittleness.,

4.3.4 Tempering

Steel is usually harder than necessary and too brittle for practical use after being hardened.
Severe internal stresses are set up during the rapid cooling of the metal. Steel is tempered
after being hardened to relieve the internal stresses and reduce its brittleness. Tempering
consists of heating the metal to a specified temperature and then permitting the metal to cool.
The rate of cooling usually has no effect on the metal structure during tempering. Therefore,
the metal is usually permitted to cool in still air. Temperatures used for tempering are
normally much lower than the hardening temperatures. The higher the tempering temperature
used, the softer the metal becomes. High-speed steel is one of the few metals that becomes
harder instead of softer after it is tempered.

4.3.5 Case Hardening

Case hardening is an ideal heat treatment for parts which require a wear-resistant surface and
a tough core, such as gears, cams, cylinder sleeves, and so forth. The most common case-
hardening processes are carburizing and nitriding. During the case-hardening process, a low-
carbon steel (either straight carbon steel or low-carbon alloy steel) is heated to a specific
temperature in the presence of a material (solid, hquid, or gas) which decomposes and
deposits more carbon into the surface of a steel. Then, when the part is cooled rapidly, the
outer surface or case becomes hard, leaving the, inside of the piece soft but very tough.
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4.4 Process Flow Diagram

4.4.1 Foundry

All the foundries operating in Jashore Light Engineering Cluster are using sand casting
process, This is a very economical process and requires comparatively less costly setup. Also,
this process is very suitable when a wide variety of products are to be manufactured in the
same industry, which 1s the case for foundries in Jashore. The typical process flow diagram of
sand casting is presented in Figure 4.9,
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Bﬂ Preparation Preparstion {Optional)
Faw Matesial pf  ielsng . Pouring, Coolng and Femoval
{Fumace) Solidification from Sand
¥
Finished *larerial Clensing and
Pra — Femoval — I
disct (Machin sprechion
Figure 4.9: Process Flow Diagram for Sand Casting
4.4.2 Engineering Workshop

Most of the engineering workshops operating in the Jashore Light Engineering Cluster are
either repanng or manufacturing automobile parts, Some other types of preducts such as
agricultural products, textile mill machineries, etc. are also manufactured in these workshops.
Every product has a distinct process flow diagram. As a result, it i3 not feasible to present all
of them in a single report. The typical process flow diagram for manufacturing gear and
crankshaft are presented in Figure 4.10 and Figure 4.11 respectively.
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Figpure 4.11: Process Flow Diagram for Crankshaft Mamafacturing

4.5 Comparison with More Advanced Technologies

The technologies used in the foundry industries have not changed much over time. The
conventional sand casting process is still widely used all around the world for a variety of
product shapes and sizes. This technology is also the most suitable one for cast iron and mild
steel products. However, there is better option for plastic and aluminum casting; pressure die
casting.

Pressure die casting is far better than sand casting process when the production volume is
high and good finishing of the product is required. In the foundries where aluminum products
are cast, mjechon molding may be introduces. Figure 5.12 shows pressure die casting
process, :
For some mild steel and cast iron products, centrifugal casting may be adopted. This casting
process s very useful when the product to be cast is of circular or cylindrical shape. For pipe

manufacturing, this is the best option. Figure 5.13 shows centrifugal casting process.
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Figure 4.12: Pressure Die Casting (Image Courtesy; engineeringelicks.com}
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Figure 4.13: Centrifugal Casting (Image Courtesy: custompartnet, com)

For higher quality work pieces and automohile parts, squeeze casting can be adopted.
Squeeze casting 18 the combination of casting and forging process. This process is very
economical and has the ability of mass production with simple process parameter control.
Figure 4. 14 shows squeeze casting process.
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Figure 4, 14: Squeeze Casting (Tmage courtesy: medals-ching com)

In case of machining industries in this cluster, the technologies used are very old-fashioned
and are becoming obsolete in many developing and developed countries. In many countries
such as India, China, Taiwan, Germany, Switzerland, USA, etc. traditional manual machines
have been partially or completely replaced by automatic, semi-automatic and CNC machine
tools. These more advanced machine tools are necessary for larger production volume and

economical production.

It is to be noted that some confuse automatic machine tool with CNC machine tool. This is, in
fact, not the case, Automatic machine tools are those which operate automatically with the
help of mechamcal constraints and require no human intervention once started Human
imtervention is only required for matenial loading and unloading For semi-automatic,
however, human intervention is required after each product is finished machining. Automatic
machine tools are useful for large production volume while semi-automatic is useful for
comparatively smaller production volume, The disadvantage of these two machine tools is
that they are usually set-up for producing only a few types of products. For manufacturing
large vanety of products, they are not that much suitable. Figure 4,15 and Figure 4.16 show
automatic and semi-automatic lathes respectively.

In case of CNC machine tools, all the control mechanisms are computerized, making them

even more accurate. Also, the programming can be changed to manufacture a large variety of
products. However, they are extremely costly. Figure 4.17 shows a typical CNC milling

machine,
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There is also use of CNC machine tools in foundry industry, for pattern making. Accurate
pattern making is necessary for manufacturing high quality and precise products from
molding. This is why CNC machine is extensively in developed country for pattern making.
3D printer is another option for precise pattern making. 3D printing utilizes CAD design
coordinates to produce metal or plastic 3D object using additive manufacturing,

Figure 4.18: A Typical 3D Printer (Image courtesy: porwerplanetonline. com)

Finally, for reverse engineering, Coordinate Measuring Machine (CMM) is an essential
technology. This machine is used to generate accurate 3D CAD design by measuring the
coordinates of an existing product. This CAD design may be imported in a CNC or 3D
Printer to replicate the product on any quantity. China has and is extensively using this
technology.

Figure 4.19: A Typical Coordinate Measuring Machine (CMM) (Image courtesy:
hitp:brahmaniwebtechindusiries. com)
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Besides using cast iron, the use of ductile iron can be introduced in the cluster. Ductile iron
can be bent without breaking whereas cast iron cast iron is brittle and breaks when bent,
Ductile iron products have more strength and corrosion resistance than gray iron. Therefore,
this ductile iron can be used in the production of automobile parts, wheels, gear boxes, pipe
and other machine parts.

Figure 4.20; Ductile Iron Casting Part (metals-foundry com)
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CHAPTER 5
SKILL AND TECHNOLOGY GAP ANALYSIS

5.1 Findings from Field Survey

The field survey was conducted for 11 weeks, starting from 1* December, 2019 and ending
on 159 February, 2020, A total of 193 industries were surveyed; among them 15 were
foundries and 178 were engineening workshops. A total of 223 persons were interviewed,
among them 181 were owners, 12 were supervisors or managers and 30 were workers,

The foundries located in this cluster have three types of furnaces; Induction Coil Fumace,
Cupola Furnace and Crucible Furnace. Figure 5.1 shows the furnaces used in this cluster and
their quantities. The induction furnaces are mainly for production of mild steel products, The
products are usually automobile parts, gears, shafts, pinions, propellers, pipe fittings, etc.
These furnaces are all imported from India except the one used in Firoz Metal which is
locally manufactured. All the induction furnaces used in this region have capacity of 1.5
Tons. The cupola fumaces are for used for cast iron products such as tube-wells, pump
casings, etc. These furmaces are all locally manufactured. Four of the furnaces are of 10 Tons
capacity while two are of 3 Tons capacity. Finally, the crucibles are used for casting
Aluminum products. One foundry produces aluminum accessories while two foundries make
aluminum patterns using these furnaces. All the foundries employ sand casting. Only Adiba
Metal has attempted to make a pressure die casting machine locally (spent around 5 lacs).
However, the attempt was unsuccessful.

Type of Furnace
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=2

Number of Industries
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Induction Coil Fempace  Cupals Pamsce (For CO  Crucible Fumiss (For AL)
(Far M5y

Furnace Type

Figure 5.1: Type of Furnaces used in Jashore cluster,
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A total of 856 workers are working in this sector, of which 63 are female, as shown in Figure
5.2, These female workers are mostly engaged in cleaning and other light works. Figure 5.3
shows the number of workers in each industry. From Figure 5.3, it may be observed that most
foundries have workers between the range 31 to 120 persons. Most of the workers are highly
skilled. Majority of them can teach others while some can only work. The skill matrix of the
workers in the foundry section is shown in Figure 5.4, From skill matrix, it may be observed
that only 19% of the total workers can't do the tasks or can do but with help. The low number
indicates that most of the workers are old ones and ne workforce is not available in this
sector. As a result, the fraction of unskilled persons is low.

Gender-Wise Worker Percentage
Femala

Figure 5.2: Worker male-female ratio analvaiz (For foundry industry only)
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Figure 5.3: Number of workers in each foundry industry
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Wnrker Skill Matrlx

Can't Do At All Can Do With
5%

148%

Figure 5.4: Worker skill matrix (for foundry industry only)
Among the 15 foundries studied in this work, only 3 have their own testing facilities. Ripon
metal and Wosa foundry have chemical composition testing facilities while Sreeza Metal and
Foundry has both chemical and mechanical property testing facilities. Others are dependent
ot BUET and KUET for testing reports.

In case of engneering workshops, there are varieties of products manufactured or services
provided. Figure 5.5 shows the products and services provided by engineering workshops of
Jashore LE cluster. From Figure 5.5, it may be observed that most of the workshops are doing
automobile parts repairing work rather than manufacturing any parts. Among the
manufactured machines, agricultural machineries are manufactured the most.

Type of Product/ Service
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S
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Figure 5.5: Type of products produced or services provided in the workshops of Jashore LE clusters.
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There are 1179 workers working in thas sector. Only 6 are female. The male to female worker
ratio is quite lower than that observed for foundry industry, as shown in Fig.6. The reason
behind this low ratio is the risky and harsh nature of the jobs performed in this sector, which
is not favorable for female workers. Most of the engineering workshops have less than 6
workers, as shown in Figure 5.7. However, only one engineering workshop has workers more
than 30.

Male-Female Worker Percentage

Figure 5.6 Worker male-female ratio analysis (for enginesring workshops only)
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Figure 5. 7. Mumber of workers in each engineening workshop.

Most of the workers of these engineering workshops are extremely skilled in operating
conventional machine tools, as shown in Figure 5.8. However, this is rather alarming since
this indicates lack of new workforce. From the skill matrix, it may be observed that only 5%
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of total workforce is apparently new ones. This implies workers are less attracted towards this
sector,

Omne of the greatest drawbacks of these workers is that they are not well-educated. As a result,
they are not accustomed to using different measuring devices; rather they do the
measurements through 1dea and experience. This is why the product accuracy is not up to the
mark, Nevertheless, the workers are very skilled in operating conventional machine tools.

Worker Skill Matrix

Can't Do At All Can Do With

Figure 5 8: Worker skill matrix (for enginesring waorkshops only)
A large variety of machines are used in the engineering workshops of Jashore LE cluster.
These machines are conventional and manual ones, The most common types of machines
used in the workshops are shown in Figure 5.9. Most of the engineering workshops have less
than & machines, as shown in Figure 5.10,

Type and Quantity of Machines Used
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Figure 5.9 Tvpes of machines used in engineening workshops.
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Machine Quantity

=10 Machines
15%

Figure 5.10: Number of machines in sach engineering workshop.

Figure 5.11 to Figure 5.18 shows the country of origin of each machines used in these
workshops, From Figure 5.11, it may be observed that around 23% of the lathe machines in
this cluster are locally manufactured Three engineering workshops are making lathe
machines locally in Jashore. However, the users of these locally-made lathe machines have
stated that these lathe machines are inferior to Indian and Chinese lathe machines in quality.
Mevertheless, they are lower in price than foreign machines and thus are preferred by many
who are opening new business.

Country of Origin (Lathe)

Figure 5.11; Country of origin (lathe machine)
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Country of Origin (Milling Machine)

Figure 5.12: Country of ongin {Milling Machine)

Country of Origin (Drilling Machine)

Figure 5.13: Country of origin (Drilling machine)

There are very few workshops that have milling machine. From Figure 5.13, it may be
observed that the milling machines in this cluster are all imported. There is no local
manufacturer of milling machine in this cluster. Indian milling machines are most common in
this cluster (64%),

An interesting thing to observe from Figure 5.14 15 that most of the drilling machines used by
the engineening workshops in this cluster are supplied by local manufacturers {42%). This is
because of the simple construction of a drilling machine, Indian machines are also very
common (33%).
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Country of Origin (Welding Machine)

Figure 5.14; Country of origin (Welding machine)

Country of Origin (Cutting, Grinding and
Honing Machine)

Pakistan China
% T

Figure 5.15: Country of arigin (cutting, grinding and honing machine)

Most of the welding machines in the engineering workshops of this cluster are also locally
made (51%). This may be observed in Figure 5.15. This machine has a very simple working
principle and construction like drilling machine. Indian machines are also quite popular due
to their low price (32%).

There are some engineening workshops that are using local cutting and grinding machines
{29%). However, Indian machines are the most commaon ones (47%).
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Country of Origin (Welding Machine)

Japan
0%

Figure 5. 14; Coumntry of origin (Welding machine)

Country of Origin (Cutting, Grinding and
Honing Machine)

Palkistan Chini
% %

Figure 5.15: Country of origin {cutting, grinding and honing machine)
Most of the welding machines in the engineering workshops of this cluster are also locally
made (51%). This may be observed in Figure 5.15. This machine has a very simple working
principle and construction like drilling machine. Indian machines are also quite popular due
to their low price (32%).

There are some engineering workshops that are using local cutting and grinding machines
{29%0). However, Indian machines are the most common ones (47%).

- RS PR



Country of Origin (Boring Machine)

Japan
5%

Figure 5.16: Country of ongin {boring machine)

Country of Origin (Shaper Machine)
Crermany

Figure 5. 17: Country of origin {shaper machine)
Interestingly, Most of the boring machines are made in China (42%). However, these
machines are beating Indian machines in a very small margin (32%). Some are using local
machines too (13%). In case of shaper machine, there is no local manufacturer. Indian
machines are dominating the cluster (44%). However, many choose machines from Taiwan
due to their better accuracy and longevity (30%). Chinese machines are also seen in the
cluster {17%). Finally, most of the power presses present in this cluster are locally
manufactured (61%). Indian presses are also there {31%). From Figure 5.11 to 5.18, it may be
observed that a large portion of the machines used in the engineering workshops are locally
manufactured. This is good for our economy since this is saving foreign currency. With
proper planning and initiative, local machine tools manufacturing may flourish in this cluster.
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Country of Origin (Press)

Figure 5 18; Country of origin (hydraulic press and ball press)

Figure 5.19 presents the workforce category of the foundry and engineering workshops of
Jashore Light Engineering Cluster. However, from Figure 5,19, it may be observed that some
industries are taking help from foreign conzultants, though the number of industries doing so
is very small. Only 6 industries, all of which are foundries, have taken help and opinion from
foreign consultants for mainly two purposes; installation and maintenance of foundry
machineties and quality improvement of products. However, these industry owners believe
that local consultants are not efficient enough to help them in solving their problems. Only 2
local consultants are providing service in this cluster,

Workforce Category

(O 0.00% 0.10% 0.29% 2.64%

B&c. Diploma Local Foreign  Supervisor  Worker
Engineer Engineer Consultant Consultant

Figure 3. 19: Workforce categrory in Jashore LE Closter,
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Insitutional Training
Received
Training
- m

Figure 5. 2{ Institutional traiming of workforce in Jashore LE Cluster,

Crucial information regarding the workers of this cluster is that most of them haven’t
received any formal training from any institution, as shown in Figure 5.20, They have
developed their machine operating skills through vears of real-life experience. However, the
indusiries whom have provided traimng to their workers have suggested that the trainings
have, indeed, improved their skills in operating the machines. Nevertheless, most of the
workers are unable to avail training due to time constraint as well as monetary issues.

Among all the persons interviewed, most of them believed that there is no quality testing is
required to ensure quality of their product, as shown in Figure 5.21, This is because there is
no engineer employed in these industries and they lack the knowledge on how product quality
may be improved,

Importance of Quality Testing

Figure 5.21; Mindset towards importance of quality testing.
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Also, most of them have no idea what the new improved machines can do. The situation is
expressed in Fipure 5.22. Again, all of them believe that there is no possibility of
environment pollution from this sector (see Figure 5.23). This statement is partially true,
since the waste of these foundries and workshops are again melied and recycled, thus
effectively there is no waste. However, the foundries can still cause air pollution since the
chemical composition of raw materials is unknown. On the other hand, the engineering
workshops can cause noise pollution.

Knowledge of Latest Technol
owledge a echnology

_ Have in-Depth
Have Modernte _ Knowledge ;
Knowledge - 2% 1%
10%G i
Have Little ——
Knowladye s
B%%

Figure 5.22; Knowledge of latest technologies,

Possibility of Environmental Pollution
Possible

Figure 523 Mindset towards environmental pollution



Figure 5.24 shows that most of the workers are not willing to use any personal protection
equipment (PPE). Therefore, it may be concluded that the mindset of the workers has to be

changed through counseling and training,

Finally, Figure 5.25 shows the expectation of the industry owners from the government. From
Figure 5.25, it may be observed that the industry owners have suggested multiple approaches
for the betterment of the cluster. Among those, availability of new technology, training
facility and education, regulations on import of products that are manufactured locally and

financial help have been given special priority.

Use of Personal Protection Equipment

UWEE'EHM ~ Mwn}rg UEE.-__.- Don't Have

1% 6%

Figure 5.24: Mindset towards using PPE,

Expectation of Industry Owners
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Figure 5.25: Expectation of the Industry Owners of the Cluster.
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5.2 Technical Workforce in the Cluster

It may be observed that there are currently no BSc. Engineers or Diploma Engineers working
in this cluster. It is noteworthy that a few vears back, two foundries had BSc. engineers
working for them, However, they don’t have any engineer right now, This indicates that they
lack the skilled manpower to develop the quality of the products and production process.
They are in need of Mechanical or Industrial and Production Engmeers for efficient
production and machine operation as well as Chemical or Materials and Metallurgical
Engineers for ensuring better composition of the metallic products. It is noteworthy that there
is a umversity and multiple technical institutions in this region that are producing BSc. And
Diploma Engineers in related fields. The number of students passing from these institutions is
presented in Table 5.1. It is noteworthy that there 13 no university or institution in this region
that offers BSc. In Material and Metallurgical Engineering which is a major drawback for this
cluster.

Table 5.1: List of universitiea/institutions with number of students passing each yvear

University) Institution Degree offered Students passing each year

Jashore Univessity of Sience and | Do in Industrial and Production 35

schiv Engineering
i S BSc, in Chemical Engineering m

BSc. in Industrial and Production

BCMC College of Engineering and | Engineering S0
Technology, Jashore BSc. in Mechanical Engineering 50

Diploma in Mechanical Engineering 48
Tashore Polytechnic Institute [ Diploma in Mechanical Engineering 150

5.3 Findings from FGDs

The research team has conducted three separate Focus Group Discussions (FGDs); one with
the foundry owners, one with the workshop owners and one with workers. The three FGDs
have unfolded different findings regarding the sector and some expectations of the
stakeholders from both JUST and SME foundation. The key findings are summarized in the
Table 5.2 below:

Table 5.2: Key findings from FGDs

Participants Number of | Date and Time Key Findings and Suggestions
Participants
FGD-1 | Foundry Owners 12 010172020 I. There is no efficient “and accurate
08 00pm- pattern  making facility. CNC-based
10 00pm partern making is required. Help from

JUST is expected in thiz matter.

2. Quality testing Ffacilities are not
adequate, The fests are still being
conducted in Dhaka, Help from JUST
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is expected.  Research  laboratonies
should also be established,

3. The foundry owners don't koow how
they may improve the quality of their
product. Meed proper guidance in this
regard.

4. Training of workers is required for
new machineriez such as CNC lathe,
CNC milling machine, efc.

5. Rate of interest of loan should be
decreased for a cenain period of time
so  that owners may avail pew

technology or expand their business.

FGD-2 | Workers 16 2302030 1. The working eovironment and salary
(M pm= range in this sector is discouraging for
5:30pm the workers. As a result, people are not

willing to gef in this sector,

2 The Chinese machings are better in
quality than the Indian machines.
However, Indian machines are cheaper
and are preferred by the owners, This
compromizes the quality of products.
Monetheless, both Chinese and Indian
machines are far supenor to locally
manufactured machines.

3 Bome of the old, experenced
workers are capable of becoming
irainers, However, they doa’t have any
formal  recognition. Certification of
their skill is required.

| FGD-3 Workshop Owners 11 ZANR200 1. The indusinies are not located in a
07 Mpmi- fixed area. As a result, it is difficult to
0 Mpm pet transportation and other facibibes.

2. There 15 scarcity of skilled worker,
as people are not inferested in working
in this type of environment. Also, other
jobs with beiter salary are available.
Finally, it is necessary to let children
above 14 years work in this secior to
develop manpower.

3. Quality testing laboratories are
required

4, Heal treatment facilities are not
available in this region. As a result,
many machineries and products can't
e produced. This facility should be
ensured,

5. Maost of the machines used here are
old and backdated. New machites are
required for better product quakity.

6. Technology Fair should be aranged
on regular basiz,

7. Funding and loan facilities should be
increased so that new technology can
be availed

B. Finally, demand of many agricultural
machineries has reduced due to poor
economic condition of the farmers.
This is affacting the light engineering
sector indirectly, For development of
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thiz sector, development of farmers is
also necessary

5.4 Findings from Klls

The research team of JUST has conduocted six Key Informant Interviews (Klls) in order to
validate the survey results and the findings from FGDs. The findings from these Klls are
given below:

Table 5.3: Findings from the Klls

Participant Name, Designation and Information Shared
Organization .
KII-1 Mr. Biswajit Barai I. The workers bere are not willing to
Foreign Consuliant (India), change and learn new things. They hike to

Works for Ripon Metal and Foundry, Tashore wiork in conventional way. As a resulf, they
are less adaptive to changmg situation.
Howrever, the workers are very skilled in
wiheat they do.

2. Mast of the owners are not interested in
establishing laborafory facilities in their
industries due 1o investment issues and lack
of knowledge, Btill, some industries have
establizhed laboratories in limited scale,

Kll-2 M. Akbar Al 1. There are only two wooden pattern
Pattern Maker, makers in this region. This number is not
Akbar Pattern, BISCIC Industrial Area, Jashore sufficient,

2 It iz ol possible to develop another
person as pattern maker easily since it takes
years of practice and people in young age
are most suited for learning this.

KIl-3 Md. Forkan Hossain 1. The raw metal iron is mostly supplied
Raw Material Supplier, from ship-breaking These ship-breaking
Bisrmillah Metal, Jashore sieels  are wery  high quality  steels.

Therefore, they can easily be used in any
type of furnace without worrying about the
quality of the casting This is the exact
reason why most foundries are relyving on
2. The cost per KG of ship-breaking iron 1s
very close to the cost per KG of tron from
ore In India. As a resuli, the cost of raw
materials in foundry are almost the same
for both couniries. The only reason the
Indian machines are cheap 5 mass
produsction,

3. There is no alternate and sustainable
source of raw material in this country other
than from ship-breaking, which is alarming. |

KIT-4 Md. Mahbub Alam 1, Some foundry owners have chemists and
Chemical Supplier, they can identif the required chemical for
Mahabub Foundry, Dhaka their works accurately,

2. Most of the foundry owners depend on
the chemical supplier in case of right
b= chemical selection for their works.

KII-5 Mr. Debasish Paul I. The mumber of loan applications are Jow
Branch Manager, in this branch,
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One Bank Limited, Jashore Branch

2. Most owners of foundry and engincenmg
workshops can't show enough propery or
asset 10 get desired amount of loan.

KlI-5 Mr, Sk, Syid Ahnved
Branch Manager,

IDLC Finance Limited, Fashore Branch

1. The interest rate for loan in SME sectar
is lower (5%%) than other sectors {13-15%),
However, the allocated amount for SME
lone 15 hmited. If the amount allocated has
already been distributed for a year, the
remaining SMEs will have to avail loan in
regular inberest rate,

2. Most of the owners ask for working
capital loan. Since the amount can't be
higher than the asset of the owner, the
amount given as a loan is imited (2-5 lacs),
3. Most owners can't arrange  prander,
which is why they don’t get loan.

KEIl-7 Md. Lavla
Pattern Maker

Laviu Pattern, BISCIC Industrial Arca, Jashore

1. Pattern making time is very high due to
ned having the advanced machines.

2. Mew pattern makers are not developing
because of low financial return.

3. Advanced machineries cannot be
adopred because of high investment and
lack of knowledge.

5.5 Suggested Actions in the Validation Workshop

A validation workshop was conducted with the experts and stakeholder of this sector on 29%
June, 2020 to discuss the results of this study. The experts and stakeholder provided some
opimion regarding the results of the study and gave suggestions for future action plan. A
summary of the validation workshop iz presented in Table 5.4

Table 5.4: Findings from the Validation Workshop

Participant Name, Destgnation and
Dirganization

Opinion/ Suggestion

Mr. Ashrafizzaman Babu
President,

Aszociation (BEIDA), Jashore

Bangiadesh Engineering Industries Owners

1. The major limitations of this cluster are lack of
investrnent  and  modern  technology.,  Large-scale
investment is required to introduce modern technologies
in this cluster,

2. Loan facilities on easy terms are to be increased and
tax on raw material import is to be decreased.

Dr. Md. Abdul Gafur
Principal Scientific Officer,

Besearch, Dhaka

Bangladesh Council of Industrial and Scientific

I. ESC) compliance may be assured.

2, AAS s 8 complicated techoology. HHXRF should be
mare convenient for the owners.

3. Band testing and zand processing set up 5 to be
introduced in the cluster,

4, Mold design and casting design should be grven
special importance,

5, Baw material is currently not one of the strengths for
our couniry, Mew materials such as high-carbon steels,
high-chromium steels, etc may be developed 1o
owvercome this sibuation.

6. Reverse engineering is an oplion fo manufacture
quality products.

7. Pocing is a big problem for the industries in this

AbidHossan~
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cluster. Good pricing sirategy is to be developed for the
DWETS,

8. Metallography is an essential part for the development
of the foundry ndustries. Thus, special emphasis has to
be given on matedals and metallurgioal engineesing
SECROT.

2. Local collaboration iz possible only when the kocal
institutions bave required lab Baciliies and manpower,
Thiz has to be ensured

10, Worker pricing is nof impréssive i this sector, This
is one of the reazons why workforce has become so
SCARCE,

I 1. Finally, Government and SMEF have to take the lead
in providing necessary trainings and other supports for
the development of this cluster

De. M4, Jalal Uddin
Director, Chattogram {attached to Dheka) &
Project Director, Women's Hostel Project,

1. A comparative study on matenal composition,
microstructure and mechanical properties may be
conducted between the products mamufactured in Jashore

Department of Materials and Metallurgical
Engineering, BUET, Dhaka

Bangladesh Indusirial  Training Assistance | Cluster and high quality imported products to mosivate
Center, Diaka the indusiry owners about quality testing,
2. Market analysis for selecting producis o be
marufactured mav be conducted.
Dr. Fahmida Gulshan 1. More materials and metalhorgical enginesrs are 10 be
Professor and Head, involved for the development of this chuster

2. Proposal may be submitted to the Government for
issuwing boan 1o the indusiry owners who are willing 1o
develop producs that are imported from other countries,
3, A similar study may be condected 1o reflect the
overall scenario of Bangladesh

Dr. Abdullahil Azeem
Professor,

Department  of  Industrial
Engineering. BUET, Dhaka

and Production

1. The siudy may be extended with materals and
metallurgical engineering experts o add some more
information to the findings of this study.

2. Omly research is not enough, implementation is mone
important.

Dr. Parver Sazzad Chowdhury
Ministry of Education, Bangladesh

. The study may be extended to accommodate the
opinkon of stakeholder ie. the consumers of the
products

2. More similar research should be conducted.

3, One-stop service may be establizhed in all the cluster
areas for providing better service to the industry owners,
4, Collaboration between SMEF and BITAC may be
established,

3, Centification of the skilled workers may be arranged
by SMEF,

Mr, Habibur Rahman
Consultant

1. 8BMEF has to focus on translating the results of this
report to develop a proper action plan for future.

2. Affordabality analysis is alzo required.

3. The supply side of the human resources has to be
focused on to ensure continuous supply of workers.

4. A knowledge platform may be established for the
development of the cluster.

5. Policy dimension may be emphasized on. For this, an
agtion group may be formed with experts in this field

D Md. Mafizur Rahman

Director Creneral,

Bangladesh Indusirial Traming Assistance
Center, Dhaka

1. Interest-free loan is not feasible. Loan on easy terms
and conditions is & more practical option.

2. In order to compete with Indian and Chinese products,
it is necessary to improve quality of local products, It is
necessary to make the industry owners understand this
truth so that they reslize the importance of quality
improvement.
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3, BITAC and other similar institutions should bring the
testing facilities in every comer of Bangladesh,

4 Market study on Light Engineering products is
nECessary.

Mr. Abdur Razzaque L. Only bringing new technology 15 not encugh, skilled
Pregident, manpower o use these technologies 15 also necessary,
Bangladesh Engineering Industries  Owners | 2. Industrial Park is necessary for this sactar to fourish,
Association (BEIOA), Dhaka 3 India has developed in LE sector due 1o the funding

provided by the Government. Therefore, this 15 nesded
U U SOy To

4, A common facility center should be established in this
cluster

5_Action plan is needed for further progression.
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CHAPTER 6
MAJOR CHALLENGES AND SUGGESTIONS

.1 Challenges

Identifying the potential areas of improvement doesn’t necessarily ensure that improvement
18 achievable nght away. There are certain obstacles that are to be overcome in order to
achieve the development goal. While collecting data from the stakeholders and other key
informants, some major challenges towards development of the Jashore Light Engineering
(LE) cluster have been identified. These challenges are histed below:

% The first and foremost challenge towards development is the lack of adequate
knowledge of the stakeholders about some of the resent technological improvements
in this sector. Most of the owners of these industries are not aware of the advantapes
of employving latest technologies such as lower power consumption, greater
productivity, reduced manpower requirement, etc. They also lack the knowledge
required to forecast future changes in this sector, thus they don’t realize the need to
update and upgrade. Therefore, most of them are not yvet interested m employing
machineries with latest technological upgrades and are still reliant on conventional
and old machineries. This is why most of them are not willing to invest their money
on new machines; instead they tend to buy old ones. Changing the views of the vast
majority of the stakeholders is one of the biggest challenges.

< Another major challenge is the availability of skilled manpower to run new, improved
machineries. Most of the light engineenng industries of this cluster have not-so-
educated workers and supervisors who are very skilled in operating old and manusl
machines, It would be very difficult to train them for operating automatic or semi-
automatic machines without a certain level of education. Again, it is not possible for
the owners of these industries to appoint highly or moderately educated people as they
won’t be able to give them a good salary in their current financial situation.

% In many industries, it is very difficult to get long-term workers due to the workplace
environment of these industries. The nature of many light enginecering industries
doesn’t make the workplace environment of those industries attractive to the workers,
As a result, they are not getting sufficient new workers whom they can frain and
appoint to work.
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%+ WMot all the industries will be able to bring in new technologies due to financial 1ssues,
Majority of them lack the ability to bear the load of the initial investment, especially
the small workshops.

<+ Finally, it is very difficult to change the mindset of the workers and supervisors and
train them, In many cases, they are not willing to change themselves with time. Many
are not willing to adapt to new techniques or technologies and like to work in old-
fashioned way. This may greatly delay the overall development of this sector,

6.2 Suggestions

In order to overcome these challenges, the following suggestions are given:

# Frequent trainings, workshops and awareness programs are necessary to familiarize
both the stakeholders and the workers wath the latest technological developments in
this sector and their benefits. The training modules should include:

-

Training on Optimum mold design and casting design.

Training on semi-automatic, automatic and CNC machine tools.

Traiming on International Standards and proper use of measurement devices.
Workshop on proper use of PPEs.

Awareness program on importance and benefits of quality assurance.
Awareness program on environmental pollution and effects.

# Multiple research laboratories may be established in this cluster which will serve the
purpose of all the light engineering industries situated within a fixed area around each
laboratory. Also, it is very important to identify which type of laboratory is required
in a specific area depending on the characteristics of the industries around it. Some of
the suggested laboratory facilities include:

&

4
&

Material composition testing laboratory (For example, Optical Emission
Spectrometry (OES), Atomic Absorption Spectrometry (AAS), Handheld X-
ray Fluorescent Spectrometry (HHXRF), etc.)

Mechanical properties testing laboratory (For example, Hardness Testing
Machine, Universal testing Machine etc.)

Heat Treatment Laboratory .

Sand Testing and Sand Processing Laboratory (For example, Temperature
Measurement Device, Humidity Measurement Device, etc.)

¥ Funding programs may be initiated for the aid of the owners.
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¥ A dedicated CNC and 3D Printer-based Pattern-making facility may be established,

Knowledge must be shared on quality conformation i.e. dimensions and properties of

different products to meet international standards,

# It is necessary to focus on changing the typical mindset of the workers and
supervisors so that they don't feel any hesitation while adapting to new techniques
and technologies,

# The training modules for the workers should be designed in such a manner that people
with comparatively less educational background may learn performing basic

¥

operations in automatic and semi-automatic machines.,
# Fnally, focusing on how to make the workplace environment of these industries
better is a must. To ensure ESQ compliance, the following sectors may be focused on:
%+ Fire safety,
% Occupational health and safety,
<+ Gender sensitivity,
% Health safety mechanisms and checkup, etc.
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CHAPTER 7
SWOT ANALYSIS

The SWOT analysis of Jashore Light Engineering Cluster is based upon the information from
the survey and focused group discussion and the followings have been observed:

7.1 Strength
Technology:

+ In case of foundry, almost latest technology (induction fumace) is used by some
industries in the cluster and the others are trying to adopt this latest technology.

* In case of machimng, almost all the traditional machines (lathe, milling, shaper,
drilling machine etc.) are available for the owners in the cluster.

» Installation of latest technology (induction furnace) for foundry industries does not

require high investment.
Skills:

* In machining industries, there exists some highly experienced and skilled workers
who can even make some sophisticated machining works.

* In machining industries, existing workers are expert and skilled enough in case of
traditional machines.

= Some workers are expert enough to train other workers.

»  Most of the skills are acquired on job.

Inputs:
» Raw materials such as iron are available in sufficient quantity to produce Mild Steel
and Cast Iron.
» (Other required materials such as sand, different chemicals ete. are easily available.

» In machining indusirics, machine experts are available to resolve any problem for
traditional machines.
Market:
* Demand exists from agro industry, stone crushing farm, textiles, automobiles, bakery

industries,
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Some products such as stone crusher machine, bakery machineries, break drum etc.
have enormous potential for exporting from the cluster.

Good scope exists for marketing the products through trade fairs.

Some products such as cooking pan, stone crusher machine, automobile accessores
etc. have the advantage of being famous by proper branding.

Business Environment:

Bangladesh Engineering Industry Owners’ Association {BEIOA) is very focused on
the development of the cluster by arranging different training programs, fairs and
workshops.

Bangladesh government 1s trying to boost the sector by taking different initiatives
(Prime Minister has declared the year 2020 as the Light Engineering Product year).

7.2 Weakness

Technology:

In case of foundry industries, there exists insufficient number (only two) of expert
pattern makers in the cluster. As a result, foundry indusinies are not getting their
required patterns timely.

There exists lack of information about the new and latest machines and technology
among the owners, foreman and workers.

Casting design, mold design, reverse engineering, etc. are completely absent in this
cluster.

Some foundry industries have tried to adopt pressure die casting but have failed due to
lack of knowledge and technical support.

Sand testing and sand purification setup is absent in the foundries.

There exists lack of quality testing lab/facilities in the cluster for both foundry and
machining industries,

In case of machining industries, the owners and workers face the cutting tool related
problem (size, shape related issues).

Machining industries also have no separate heat treatment facilities. They rely on the
blacksmith.
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The machining industries use the traditional method of production, They do not have
the latest machining technologies like CNC machine. Most of the industries do not
have the latest technology for measurement.

Productivity level of the foundry and machining industries is very low,

Most of the industries do not have proper layout

There exists lack of knowledge about different materials composition, sand type,
molds etc. among the owners, foreman and workers.

The owners and workers do not have proper knowledge about the heat treatment of
the products.

There exists over dependence on traditional skill in the cluster.

There are inadequate skill development and hands-on training facilities on latest
technologies in the cluster.

Inputs:

Raw materials for high grade steel production are scarce in this cluster, making it
difficult to manulacture some automobile spare parts.

There exists scarcity of skilled and semi-skilled workers in the cluster.

The most alarming matier is that the workers are losing interest in this sector. They
tend to switch their jobs to other available works because of low salary and long
working hour.

In case of foundry industries, there lacks local experts on induction fumace in the
cluster.

The cluster lacks expert chermist for testing different materials compositions,

Sometimes it becomes difficult to get right quality raw materials.

Market:

Automobile parts are not cost competitive compared with China products.,

Downward situation in agriculture causes poor market conditions for agricultural
machines and machine parts. J

Very few branding and marketing activities are undertaken.

There is no pricing strategy,
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Business Environment:

* Import of different parts from other countries which are locally produced.
* High rate of VAT on manufactured items.
* (Competition 1s very high.

Innovation Capabilities:

* Very few foundry and machining industries are tryving to incorporate innovation in
design and production process of their products.

» Mo change in technology and machine application over long time.

# There is no innovative marketing strategy.

» The industries have no innovative pricing strategy.

7.3 Opportunity
Technology:

= MNew and modern technologies can be tested in local university and institution before
adopting in the industries.

= Common quality and materials property testing facilities can be established in the
cluster.

Productivity and efficiency can be improved through implementing different modem
management philosophy such as 55, kaizen, total productive maintenance (TPM) ete.
Data bank for international materials composition standard can be purchased.

Pressure die casting can be introduced in the cluster.

A platform (such as website) for information about modern machines and
technologies can be developed.

* A common CNC machine facilities can be established for rapid prototyping and
pattern making.

Skills:

* The training program on existing and modermn machining process, welding, molding
and heat treatment process can be arranged for skill up-gradation of workers.
+ Special training on CNC machine can be arranged for workers to resolve the pattern

making issues.
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* Collaboration between industries and vocational institutes can be increased in the

cluster.

» Internal trainers can be developed through conducting TOT (training of trainers)
program which will be cost-effective.

* Training on entrepreneurship can be arranged n the cluster.

* Management training program can be arranged for manager, foreman and supervisor,

* The foundry and machining industries in the cluster can attract more work force by
improving the work environment, introduction of different incentive program and
insurance.

* There is a scope of developing local business development service (BDS) for the
foundry and machining industries in the cluster.

* Scope exists for increasing supplier relationships with the industries.
Market:

» Brand building can help the industries to compete in the market.

» Marketing consultants can help the indusiries in the cluster to adopt effective
marketing strategy.

» Some foundry and machining industries can go for direct export,

* A platform can be established for information about the global market (Specially
China and India).

* Enterprises can participate local and international fairs for understanding the local and
international market.

Business environment:

* Association can arrange regular knowledge sharing program.
s CGovernment can develop special technology cell for technical support in the cluster,

Innovation capabilities:

+ Changes in the layout can improve the productivity of foundry and machining
industries.
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= Some enterprises have the capability of innovative product development. However,
they require training on product development, design development, branding,
promotion and packaging.
7.4 Threat
Technology:

* Educational level of the workers may restrict the adaptation of new technology,

* Financial constraints may restrict the modemization,
Skills:

* Lack of development of new skilled workers is the biggest threat for this cluster.

¢ Unless newer skill development takes place, quality and productivity will decrease,
Then it will become difficult for the foundry and machining industries to survive in
the market.

Inputs:

* Lack of workforce is the biggest threat.

= Raw material pricc may incrcase.

= Enterprises will be fully dependent on foreign BDS providers due to lack of local
BDS development.

Market:

¢ Competition in the market is going to increase,

» Cheaper and innovative alternative materials, products and production processes are
posing tough competition.

*  Without branding and marketing it will become difficult to survive in the market.

Business environment:
* Economic condition of the country can pose uncertainty.
Innovation:

L

s Competitors {Specially China and India) may adapt more innovations.
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7.5 Strategic Direction of the Action Plan

Jashore Light Engineering Cluster has good growth potential provided strategic interventions
are made in certain key areas,

The key areas that require strategic inferventions are listed as follows:

= Manufacturing technology up-gradation

= Networking

=  Business development service (BDS) provider development
*  Product/Market diversification

*  Price controlling strategy

The strategic interventions of action plans are explained in the following, However, it should
be noted that the action plans are not of imposed nature. The cluster actors should realize the
need to take initiatives to bring about the change.

7.5.1 Manufacturing Technology Up-gradation

» Introduction of induction furnace in all foundry industries.

* Introduction of pressure die casting technology.

» Common CNC machine for pattern making and rapid prototyping,

+  Modemn measuring tools should be introduced.

= Semi-automatic lathe and milling machines should be introduced initially.
»  Common metallurgical and quality testing lab should be established.
 Heat treatment facilities require up-gradation.

= Reverse engineering is to be introduced.

7.5.2 Networking

Networking among the enterprises in the cluster is not satisfactory. Although, there is an
association, there exists information gap among the cluster actors, The association needs to
strengthen the network with other national and international organizations, NGOs for the
development of the cluster. The joint actions of the enterprises in the cluster should be
increased.

7.5.3 Business Development Service (BDS) Provider Development

Currently there are no local business development service (BDS) providers in the cluster.
BDS in the area of furnace technology, materials composition, casting technology, modern
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machimng, product design and development, branding, marketing, and export promotion
need to be developed in the cluster.

T7.54 Product/Market Diversification

As 1t appears that major technological changes are not required for foundry industines.
However, quality up-gradation of the casting parts is required. On the other hand, some major
technological changes are required for machining industries. Stone crushing machine,
different bakery machine, agncultural machines ete. are popular in many areas in
Bangladesh. Stone crushing machine is very popular in some parts in India. But, hardly any
initiative has been taken to market the products to distance place in the country and abroad.
Based on this analysis the following activities may be organized at the cluster;

* Traming and workshops on branding, export procedure and documentation
» Participating the international trade fair and exhibitions

+ Workshops on marketing strategy

* Product design and development training

* Orgamzing meetings with the cluster actors

* Training program on entrepreneurship development

# Personal counselling in solving problems

=  Quality standardization

» Workshops on health and safety measures

»  Workshop on different modern technology

* Training and workshop on different modern management philosophies

s Development of common platform (Such as website) for information sharing

Along with these activities, it is necessary to introduce production of new materials such as
medium-carbon and high-carbon steels, stainless steels, etc. so that new products may be
developed in this cluster, Also, it is necessary to identify which products are being imported
from China and India. After identifying the products, initiatives may be taken to manufacture
those products in the cluster to achieve diversification.
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CHAPTER 8
CONCLUSION

Jahore Light Engineering Cluster has a huge potential, if monitored properly. The process of
new technology adaptation is still slow in this cluster. The workforces are skilled enough in
operating old and traditional technologies. But, they have little knowledpe on modemn
technologies, testing and heat treatment and productivity improvement. Moreover, no
sigmificant initiatives have been taken by the actors for new market creation and product
development. This study has put forth a vision on technology and skill gap analysis of this

cluster and proposed some development areas to convert that vision to reality. Some principle
recurring themes developed:

Establishment of common facilities at the cluster for quality and material testing, and
advanced technologies.

Arrangement of training programs for workers on welding, testing and heat treatment,
materials composition, and advanced technologies. These trainings may be funded by
Government of Bangladesh or any other dedicated organization such as SMEF. Also,
the trainings are to be organized keeping in mind the convenience of the stakeholders.
Collaboration should be established with local research institutions and universities
for training the workers on modern technologies.

More Industrial engineers and Material and Metallurgical Engineers are to be
involved in the development of this cluster since they have expertise in foundry
technology, machine tools, productivity improvement, layout design, material
development, heat treatment, ete.

Development of internal trainers through arranging training for trainers {TOT).
Development of new product and creation of new markets in home and abroad.
Development of work place for attracting new workers through building awareness on
labor-law, safety and environment compliance among the owners.

Training on efficient costing and pricing strategy,

Training of foreman and supervisor on modern management philosophy and quality
management system.

Formulation of strategic branding and marketing strategies in the cluster immediately.
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The growth of the Light Engineering Sector in Jashore as well as in Bangladesh will be
inereased if the skill and technology gaps identified in this study are minimized. Infroduction
of advanced technology will improve the flexibility, capacity and productivity of foundry and
machining industries. The vision that has been presented in this report is more than feasible.
Some interventions already exist in some industries and some are being practiced in many
industries around the world,
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ANNEXURES

Annex 01- Survey Instrument (For owners)

Title: Survey Questionnaire on Skill & Technology Gap Assessment of Light Engineering

1. Mame of intervieses:

2. Organization name and address:

3. Mature of pwnership:

4. Mo. of employees:

SMEs of Jashare Cluster (For owners)

5. Product and production information:

2.1. Major finished products

5.2, Target customers (Industry

served)

5.3. Monthly production (Amount &

BOT}

5.4. Average monthly income (BDT)

6. Raw materlals information:

{a) Textile (b) Automaohile (&) Others.............

nI:t';?:l: :::d Sources Manthly demand Monthly Supply
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7. Technological information:

Name of
technology/machine

Type
Quantity | [Autornatic/semi-
automatic,/manual)

Source
[Local/imported)

Current condition

8. Current production process flow chart:

9. Do you think that there are gaps in the manufacturing technologies that you are using presently?

Yes/No.

If yes please list the technology gaps and name the process where it occurs.,

10. How these technological gaps can be resolved? Please give your apinion.

11. Do you take any consultancy service from any individual or any organization?

Yes/No

If yes please list the services they provide.

A ol Vo 260
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12. Employee related information:

§ Permanent Temporary
Supervisor
Male Female Male Female
13. 5kill related information:
e . Mo, of Cannot Can perform | Can perform m:ﬂflf&m C::l;mc;;m
workers perform with help solo
proficiency others

14. Are skilled and well-trained workers/technicians easily available?

Yes/ Mo,

If not, then what do you do to train the workerstechnlcians?

What type of training modules do you think are required to produce a good quality well trained

workers/technicians?

15, What are the basic skills/qualification of workers,technicians that you require?

Workers/Technicians

Supervisor

Engineer

Skills &
Cualiflcation

Currently required
number

rl*:i e
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16, Quality related information [From raw materials to final product)

Mame of quality

Is it adequate? If not then
check/tasting How do you perform? From where?

mention the reasons

17. Are you aware of advanced technology in vour field of operations? If yes. Please tell the source
of information and what are those advanced technologies?

18. What are the environmental problems associated with your production process?

19. How do you ensure that your employees are using personal protective equipment during work?

20, What do you expect from the government for technological assistance?

21. Any other suggestion you want to share to improve your industry/cluster:

Interviewer name: Signature of the Interviewee & Date
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Annex 02-Survey Questionnaire for Supervisors

Title: Survey Questionnaire on Skill & Technology Gap Assessment of Light Engineering
SMEs of Jashore Cluster (For supervisors)

Dear respondent, this study is related to the light engineering small and medium enterprises (SMEs)
of lashore cluster. The objectives of this study are to get a comprehensive overview of this sector
including present condition of this sector and assess the skill and technology gap. We thank you for
your kind participation. Your valuable comments and observations will help us to recommend
effective strategies for overcoming the skill and technology gap and boosting the growth of this
sector further. Your response will be used anly for research purpose.

1. Name of the interviewes:
2. Organization name:

3. Address:

4. Interviewee information:
4.1, Gender: {a) Male ib) Female
4.2, Age: [a) Below 20 {b) 20 to 30 (c} 30 to 40 (d) 40 to 50 (e} Above 50
4.3. Education level; (a) Primary {b) Secondary (c) HSC [d) Graduate (e) Postgraduate

5 Product and production Information:
3.1. Major finished products 3

5.2, Quality level of products i [a) Very low (b) Low (e} Medium (¢} High (d) Very high
53. Target customers (Industry : ({a) Textile (b) Automobile (c) Others........... &
sarved)

6. Technological information:
6.1, Technologies/ Equipment used;

Type Maintenance
Mame of Source Current '
l Quantity | (Automatic/semi- i type with
teshnolg) automatic/mantal) { Vimported) satase frequency

6.2. List the tools used in your industry/ workshop:
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6.3, Do you know about some of the latest technologies related to your wark? (Yes! No) If ves, which

ones?

6.3. What are the major technical and technological challenges do you face?

7. Current production process flow chart:

8. 5kill related information:
8.1. Skill level of specific job:

Skill Level
i 0 1 2 3 4 5
(Can'tdo) | (Verylow) {Low) (Moderate) {High) (Very High)
Page | 84
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8.2, Training and development:

Training provided Training provided Mame of training
b o imternally externally center
8.3 Worker Details:
Category Gender Education Training
. 7 Male:
Diploma Engineer
Female:
Male:
Technician
Female:
Skill-independent | pjale;
Worker Female:

8.4. Are any foreign workers/ experts working in your industry? (Yes/ No) if yes, in which sectors?

8.5. Do you think foreign workers/ experts are more skilled in specific sectors than local ones? (Yes/
Ma) If yes, in which sectors and why?
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8.6. What type of training module or technical centers do you think you need for better quality of
products?

9. Do you have separate guality control unit? (Yes/No) If yes then, how do you check?

10. Environment and Safety

10.1. Do the workers use safety and personal protective equipment during work? (Yes/ Noj If yes,
which ones?

10.2. What are the wastes produced in your industry?

10.3. Where do you dump the wastes produced in the industry?

s . Joir bt

AL dttossam



10.4. Do you think there is a possibility of environmental pollution due to the technology used by
your industry? (Yes/ Na) If yes, how?

11. What do you expect from the government?

Interviewer Name; Date: Comments
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Annex 03- Survey Questionnaire for Workers

Title: Survey Questionnaire on Skill & Technology Gap Assessment of Light Engineering
SMEs of Jashore Cluster {For workers)

Dear respondent, this study is related to the light engineering small and medium enterprises (SMEs)
of Jashore cluster. The objectives of this study are to get a comprehensive overview of this sector
including present condition of this sector and assess the skill and technology gap. We thank you for
your kind participation. Your valuable comments and observations will help us to recommend
effective strategies for overcoming the skill and technology gap and boosting the growth of this
sector further. Your response will be used only for research purpose,

1. Name of the interviewee:
2. Organization namea:

3. Address:
. Interviewes information:
4.1, Gender: {a) Male ib) Female
4.2, Age: (a) Below 20 (b)20t030 (c)30tod0  (d)40to50  (e) Above 50

4.3, Education level: (a) Primary (b} Secondary  (c) HSC [d) Graduate [e) Postgraduate
5. Product and production infnrmatim.
5.1. Major finished products
5.2. Quality level of products : (a) Very low (b} Low (cj Medium (c} High (d) Very high
53, Torget customers (Industry @ [a) Textile (b) Automobile (o] Cthers....oooim.
served)

6. Technological information:
B6.1. Technologies/ Equipment used:

Tvpe Maintenance
MName of Source Current
I Cuantity {Automatic/semi- I it type with
techneion automatic/manual) ILocal/imported) condition frequency

6.2, List the tools used in your industry,/ workshop:
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Annex 03- Survey Questionnaire for Workers

Title: Survey Questionnaire on Skill & Technology Gap Assessment of Light Engineering
SMEs of Jashore Cluster (For workers)

Dear respondent, this study is related to the light engineering small and medium enterprises (SMEs)
of lashore cluster. The objectives of this study are to get a comprehensive overview of this sector
including present condition of this sector and assess the skill and technology gap. We thank you for
your kind participation. Your valuable comments and observations will help us to recommend
effective strategies for overcoming the skill and technology gap and boosting the growth of this
sector further. Your response will be used only for research purpose.

1. Name of the interviewes:
2. Organization name:

3. Address:
i, Interviewee information:
4.1. Gender: {a) Male (b} Female
4.2 Age: (a) Below 20 (b)20t030  (c)30to 40 id)40ta50 (e} Above 50
4.3, Education level: (a) Primary (b} 5econdary {c) HSC (d) Graduate (e} Postgraduate

5. Fm_iuc:m:l production information:
5.1, Major finished products -

5.2. Quality level of products :  (a) Very low (b) Low (c} Medium (c) High {d} Very high
5.3. Target customers (industry : (a) Textile (b} Automobile (¢} Others.................
served)

6. Technological information:
6.1. Technologies/ Equipment used:

e Source Current Niaintenaie
Quantity | (Automatic/semi- I s type with
automatic/manual) (Local/imp ) S koo frequency

Mame of
technology

6.2. List the tools used in your industry/ workshop:
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6.3. Do you know about some of the latest technologies related to your work? (Yes/ No) If yes, which

ones?

6.3. What are the major technical and technological challenges do you face?

7. Current production process flow chart:

8. 5kill related information:
8.1. Skill level of specific job:

Skill Level
Job description 0 3 3 3 3 =
(Can'tda} | (Verylow) (Low) (Moderate) (High) (Very High)
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8.2, Training and development:

Training provided Training provided Mame of training

Mame of job
et internally externally center

&.3. Are any foreign workers/ experts working in your industry? (Yes,/ No) Iif yes, in which sectors?

8.4. Do you think foreign workers/ experts are more skilled in specific sectors than you? (Yes/ No) If
yes, in which sectors and why?

8.5. What type of training module or technical centers do you think you need for better quality of
products?
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9. Do you have separate quality control unit? (Yes/No) If yes then, how do you check?

10. Environment and Safety
10.1. Do you use safety and personal protective equipment during work? (Yes/ No) If yes, which
ones?

10.2. What are the wastes produced in your industry?

10.3. Where do you dump the wastes produced in the industry?

10.4. Do you think there is a possibility of environmental pollution due to the technology used by
your industry? (Yes/ Na) If yes, how?

hopsy — . el
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11. What do you expect from the government?

Interviewer Mame: Drate: Comiments:
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Figure Al: Focus Group Discussion with Foundry Owners

Figure AZ2: Focos Group Discussion with Machining Industry Owners
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Figure A3: Focos Group Discussion with Workers

Fignre Ad: Interview with Owner
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Ad: Interview with Indian Consultant
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Figure AB

: Validation workshop {Experts on Zoom Meeting)
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