Appendix A

Table A.1 Lean operations: usage and satisfaction [32]

Region

2006 Usage %

2006 Satisfaction (out of 5)

Global

54

3.73

North America

[3.87]

Europe

3.85

Asia-Pacilic

SK3))

Latin America

4.11

Large companies ($2 B+)

3.88

Medium companies ($600 M - 2 B)

3.73

Small companies (<$600 M)

3.66

[____I Significanuy higher rate than other regions/ company size

O Significantly lower rate

Table A.2 Lean scores for 65 manufacturing plants in China [40]
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Table A.3 Survey result for the question; *Which of the following Lean Manufacturing tools/

techniques have bgasfunost beneticial for your business? [47]

Have not Not beneficial Somewhat Very Beneficial

used % % beneficial % %

Lean tool

35S 26.19 1.19 17.86 54.76

Kaizen 34.52 0.00 27.38 38.10

nT 23.81 0.00 40.48 35.71

Standardized work 34.52 0.00 29.76 33.71

VSM 44.05 2.38 17.86 35.71

SMED 48.81 1.19 17.86 32.14

TPM 54.76 2.38 16.67 26.19

Py

Cellular manufacturing 3833 3.57 16.67 2143

Kanban 54.76 1.19 23.81 20.24

(%]

Pull system 60.71 .38 20.24 16.67

OFEF. 59.92 1.19 28.57 10.71

(%3

Value stream cosling 73.81 38 13.10 10.71

Takt time 73.81 1.19 15.48 9.52
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Table A.4 Score worksheet for electronics industry (n=9) — average score [48]

Section Section Number of Section Section Strategic impact Section
points quest average (%) factor (%) target (%)
Inventory 3.44 3 1.81 43 1.1 100
Teams 14.89 6 2.48 62 1.1 100
Process 12.00 6 2.00 50 1.1 (00
Maintenance 14.11 5 2.82 71 11 100
Layout 13.89 3 2.78 69 11.1 100
Supplier 9.11 5 1.82 46 1.1 100
Setup 7.33 3 2.44 61 11.1 100
Quality 10.11 4 2.53 63 1.1 100
Scheduling 7.89 3 2.63 66 11.1 100

Table A.5 Mapping of Lean Manufacturing practices to six impact areas [50]

Impact Area

Lean Manufacturing Principles and Practices

Manufacturing Equipment and Processes Setup time reduction

Work standardization

CeHubar manufacturing

Mistake proofing

Value identification

TPM

Shop floor organization

TOM

Cygle Hmg radiictivn

Shop Floor Management

Production scheduling

Lot size reduction

Pull flow control

New Product Development

Parts standardization

Concurrent engineering

Design for manufucturability

Supplier Relationships

Supplier evaluation

Total cost evaluation

Information exchange

l.ong term relationships

Customer Relationships

Delivery performance improvement

Demand stabilization

Serviees to enhance value

Customer requirements analysts

Product custonuization

Workforce Muanagement

Multifunctional workforee

Work delegation

Emplovee evalustion

Pay for performance

Formal rewurd system
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Table A.6 Average implementation score for printed circuit and assembly (n=4), equipment

(n=4) and wafer or semiconductor (n=5) manufacturers [52]

Printed Circuit Equipment Wafer & Semiconductor
Impact Area p-value
& Assembly Manufacturers Manufacturers

Manufacturing Equipment and

3.41 3.44 4.15 0.089
Processes
Shop Floor Management 3.14 3.74 3.61 0.493
New Product Development 253 3.34 331 0.137
Supplier Relationships 2.86 3.80 3.53 0.205
Customer Relationships 3.25 3.85 3.94 0.180
Workforce Management 3.30 3.43 3.72 0.291

Table A.7 Summary of statistics and percentage of organizations implementing specific

practices by item [53]

Lean Practice Percentage Average Standard Deviation
Supplier evaluation 100 321 1.02
Delivery performance improvement 100 3.96 0.70
Multifunctional workforce 100 3.60 0.53
Work standardization 92 4.70 0.58
Value identitication 92 3.39 0.41
Cyele time reduction ‘N 368 091
Product customization Q2 391 £-69
Employee evaluation Q2 N/A N/A
Setup time reduction 85 3.76 0.53
TOM 85 344 0.99
Product scheduling improvemeni 85 3.54 0.81
Information exchange with suppliers 8S 3.53 0.71
Long term relationships with suppliers §s 3.76 0.80
Customer requirements analysis 85 3.61 1.05
Pay for performance 83 N/A N/A
Lot size reduction 77 3.34 0.83
Pull flow control 77 3.70 1.08
Wark delegation 77 3.37 0.53
TFM 69 4.04 0.89
Purts stundardization 69 318 (.88
Formal reward system 69 N/A N/&
Concurrent engineering 62 3.40 0.65
Demand stabilization 62 3.54 0.85
Services to enhance product value 62 3.58 0.76
Shop floor organization (58) 58 424 0.66
Cellulur manufacturing 54 3.39 102
Design for manufacturability 38 267 .85
Total cost evaluation 31 312 0.64
Mistake proofing 27 2.67 0.29
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Appendix B

Hi-Tech Industry Performance
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Figure B.1 Performance in key manufacturing areas in hi-tech industries (n=20) [49]

Implementation Score/[ & A

Size

-C_j Smali

Mfg Process New Pro. Dev, Cust. Rel.
Shop Floor Supplier Magt. Workforce Mat.

Figure B.2 Comparison of average implementation scores for small and large

% Large

companies (Lines on/ in box represent upper quartile, median and lower quartile.) [51]
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Appendix C

Viability of Lean Manufacturing Tools and Techniques in

Apparel Industry in Sri Lanka

Questionnaire

This survey is conducted by S.K.P.N. Silva as part of M. Eng. research project at University

of Moratuwa and it is expected to answer the following research questions.

o What are the tools and techniques introduced to the company?
o Reasons to choose line wise, section wise, department wise and company wise the
above mentioned tools?
o What is the order of implementation and sustainability of Lean tools and techniques?
o What are the implementation strategies that suits Sri Lanka?
o What are fil@ghallepges in implementing Lean?
o Howto 0vérc0me those challenges?
o What are the benefits achieved after implementing Lean?
Thank you.
S.K.P.N. Silva,

Department of Mechanical Engineering,

University of Moratuwa,

Moratuwa.
w 06.10.2010.
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Company Information

Name of the Company:

Date:

Personal Information

Providing the following information is optional.

First Name:
Occupation:

Last Name:

Gender: Age:

Address:

City: Province: Z1P Code:
Telephone: Email:

Company Overview

(29

A
J.

4,

The capacity of the organization (by the number of employees)

a)
b)
<)

d)

Small scale (less than 100 employees)
Medium scale (100 — 500 employees)
Large scale (500 - 1000 employees)

Extra laige scale [mefe than k0 dmplayees)

What type ofipredlicy mix-does the/Cotpany produce?

a)
b)
¢)

d)

Single product with a single production line
Single product with multiple production lines
Variety of similar products with same production line

Different products with multiple production lines

The customer base of the organization

a)
b)
c)

d)

Fixed customers
Variety of customers
Highly volatile customers

Other- Please specify

The Supplier base of the organization

a)

b)

Fixed suppliers

Variety of Suppliers
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¢) Highly volatile Suppliers
d)  Other- Please specify
5. What is the nature of the organization culture towards new concepts?
a) Cooperative towards new concepts
b) Aggressive towards new concepts
¢) Learning organization
d) Neutral
6. What is the leadership style of the organization?
a) Task Oriented Style
b) People Oriented Style
¢) Boss-Centered Leadership
d) Subordinate-Centred Leadership
7. What is the type of your organization structure?

a) Simple (characterized by a low degree of departmentalization, wide spans of management
authority centralized in a single person and little formalization)

b) Functionral fin which departments’are identiticd according to the functional specialty)

¢) Matrixyfimashich each employee réports 10 both a functional (or divisional) manager and 1o a
project (Or group) manager)

d) Team

8. What is the education level of shopfloor employees?
a) Grade 8
b) Ordinary level
¢) Advanced level

d) Technical training

Company Leanness
1. How long has your company been implementing Lean Manufacturing concepts?

a) Lessthan | year
b) | —-2years

¢) 2-35years
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d) More than 5 years

2. What are the tools and techniques implemented when Lean was introduced?

No. Tool / Technique l;viirsl: Sic:itsi:m Blell):'.‘it;: CO:]ils):ny inlp(l)el;:::;t(:nt;ion
1 58 0 1®) 0] 0]
2 Poka - voke (Mistake proofing) O ©) @) 0]
3 Kaizen (Cts. (mprove ) O O O @]
4 Takt time O O @) o
5 One piece flow 0] o O O
6 Pull system O O 0] 0]
7 Just = In = Time (i1 0] (@) o O
8 Kanban O O O o
9 Cellular manufacturing O O O 0]
10 Heijunka (Workload leveling) @) O @) O
11 Quick changeovers (SMED) O @) o O
12 { Value Stream Mapping (VSM) o @ o O

T e g
13 (l_rc;’l]:;l)l roductive Maintenance o 0O o) 0o
14 | Visual displaysand ctrlls O @) O (©)
13 Jidoka  Awanemation O O (®) O
16 Pvroblcm OGS Why Ty E B 's) o o)
diagram ete)
17 Standardized work @] O O O
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3. Reasons to choose line wise, section wise, department wise and company wise the above

mentioned tools in question 2.

4. What is the level of sustainability in following tools in your organization?

Sustainability
No. Tool / Technique <3 3-¢ 6 month—1 | [-3years | >3 years
mounths months year
1 3S O O o 0] O
> g:l;l:_?n;)yokc {Mistake o o o 0 o)
3 Kaizen (Cts. Improve.) O O O O @]
4 Takt time O O O 0] o
5 One piece flow ®) O O @) o
6 Pull system ®) @) @) C O
7 Just — In =/ e ®) O ®) @) ®)
8 Kanban Q O O O o
9 Cellular mmnlllﬂ‘luring @] O O @] O
10 Heijunka (Workload leveling) O O @) O O
B Quick changeovers (SMED) O O O O o
(2 (\(/:Irt:j Stream Mapping o o o o 0
" R Y
15| Mamenance e 0 0 0 0 ©
14 | Visual displays and curls &) o O O O
15 | Jidoka ( Autonomation) 0] O O O 0]
6 | Prtlemsehingswwe |0 | o | o | o | o
17 | Siandardized work O @) O O 0]
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5. What is the implementation method you used to implement Lean Manufacturing?

Method
No. Tool / Technique Segment Lean Lean boot Belt Through IE Other
ation Team camp program dept. (pls.
method specify)

1 58 o O @] O

a ll;:(l:l?ng )yol\e (Mistake 0 o o o 0

3 Kaizen (Cis. Improve ) O 0O O O o}

4 Takt time O o O o o

5 One piece flow o @) 0] O O

6 Pull system o O O 0] O

7 Just — In = Time (JIT) O O O O O

8 Kanban O O o O 0]

9 Celular manufacturing @] O 0] O O

10 Heijunka (wWorkload leveling) O O O O O

11 Quick changeovers (SMED) O 0] 0] O 0]

12 (\C:l;;e) Stream Mapping o o o 0 o

5 | Mamenance g : 9 ¥ © °

14 | Visual displagsiand ctrls O ®) O O O

15 | Jidoka ( Autsisrmation) Q O o o) o
T o o o

17 | Standardized work O O o o O

o Segmentation method (implement Lean Manufacturing segment wise with an outside facilitator)

o Lean boot camp (moulding the top key players of an organization into Lean concept through an

intensive training for them)

o Belt program (creating a Lean team in the organization and train them in every aspect of Lean
concept such that they become facilitators in implementing Lean)

oThrough industrial engineering department

110




s ]
‘ .
6. What are the challenges faces in implementing Lean Manufacturing in your organization?
No. Challenges
Lackof | Semior | Miadie | o .o ! N ',':"?f'l'“' Land Lack of
T Techni implem- manage- manage- | upervis | Employ- Failure Budget viewe al value and multi
Vool /Technique Backsl | 'MP¢ - y -or ee -y as of Lean - Plant Plant Unioniza
i entation ment ment . . of past consirai- w buildings | talented R .
-iding resistanc | resistanc X flavor not e size age -tion
i know — resistance | resistanc projects nt . which employ-
e ¢ of the recogniz .
how ¢ e “ R are solid ees
month ed
1 58 O O O O O O O O O O O O O o ¢)
2| Poka - yoke (Mistake o o o o o o o o ) o o o o o o
- proofing)
3 Kaizen (Cts. Improve.) O O O (e] O O o] O O @] O O O (e] O
4 Takt time O O O o] @) O 0] O O O O O O O O
5 One piece flow O O O O O O O O O o] O O O O (¢}
6 Pull system O Ko (0] O O O O O 6] O O o O O (e}
7 Just—In = Time (JIT) @] Q © © O Q QO @) 0] O O o O o (¢)
$ | Kanban o o) 0} o o ) o o) 0 o o o o) o) o
9 Cellular manufacturing o) 6! 0 0 o) e} 0 e} o) 0 e} o o o 0
1o | Heiunka (Workload o &S ) o o o o o o o o o o o
leveling)
1t Quick changeovers (SMED) O @) O O O O O (@] @] O O O O O O
1o | Value Stream Mapping o o o 0 o o o o o 0 o 0 o o o
(VSM)
Total Productive
13 Maintenance (TPM) O O O O O O O O O O o] o O O o
14 Visual displays and ctrl.s o] O O (o] o] (] O O O O O (o] (o] O O
15 Jidoka ( Autonomation) (o] O O (o] (o] (o] O O O O O Qo O O O
1 | Problem solving (5 Why, C o o o o o o o o o o o o o o o
and I diagram ctc.)
17 Standardized work O O O O O O o] O O O O O O O O
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7. What are the ways to overcome those challenges?

: . . Get Any other
— ; Leaflets/
No. Tool / Technique Workshops Presentatio Q}Jallty ) Belt Involvem | pis. snecif
-ns circles Banners program -ent - 3f y
[ 58 O O O O O O
- Poka — voke (Mistuke o 1) o o o o
- proofing)
3 Kaizen (Cts. Improve.) O ) O ®) @] O
4 | Takttime O O O O O O
5 | One picce flow o) @) 0] ®) O O
6 | Pull system 0] O @) 0] O 0]
7 Just~In—Time (JIm) O O O O O O
8 Kanban O O O @] O O
9 1 Cellular manufacturing O o 0] O O O
10 I-Ieij.unkn tWorkload 0 e} o e} 9] ®)
leveling)
Quick changeovers
11 SMED) @) O O O O O
12 V’qlue Stream Mapping o o o 0o o 1)
(VSM)
03 TUl.L'l| Pmdgctwc o o o o o o
Maintenance (TPM)
14 Visual displays and o 5 S & o o
ctrl.s
15 | Jidoka ¢ Autonomation) O O O @] O O
16 ljroblen.]_ sglving (3 Why. 0 0 0 0 0O 0o
C and E diagram etc.)
17 | Standardized work O 0] O @) O @]




8. What are the benefits achieved after implementing Lean?

Lower | Reductio- | Reduced Better
Lower Lower . . . workpl- Improved Improved
. . Lower operati- | nofspace | machine )
. Tool/ Technique lead inventor- defects onal utilizatio- | breakdow ace customer employce
No. time ¥ elects ona ! reasdow | organiz | satisfaction | satisfaction
costs n -ns -ation
1 38 ®) O O ®) @) O O o O
) Pol\a - voke (Mistake 0 o o o o o o o o
proofing)
3 Kaizen (Cts. Improve.) O O O O O O O @) @]
4 | Takttime o 0] 0] ) ®) O O @) @)
3 | One piece flow O O O ) o o 0] O O
6 | Pull system o O O O 0] ®) O O] O
7 | Just—In—"Time Q11 O @) @) 0] ®) @) O @) @)
§ | Kanban O 0] 0] O O 0] O O @]
9 | Cellular manufacturing @) O @) O ®) O ®) @) @)
10 ll‘l\l.‘iiiit]l n'ku (Workload o 0 o o 0o o 0o o) e
cveling
1 Quick changeovers 0 0 o o o o o) o 0
(SMED)
12 (\\’,;11;1: Stream Mapping 0 o 0 o o o o 1) 0
Total Productive
3 . O O
3 Maintenance (TPM) < £ Q P ) 2 ©
14 :;:TU\” displays and o & 3 & @ S 0 0 0
15 | Jidoka ¢ Autonomation) O O O O O @) O O O
16 [froblu"mv solving (5 Why, o o o 0 o) 0 0 e 0
Cand E diagram ete)
17 | Standardized work @) O O O ©) O O O O
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Additional Feedback

Please share any additional comments.

Thank you for taking the time to fill out the survey. Your input is greatly appreciated.

114



Appendix D

Viability of Lean Manufacturing Tools and Techniques in

Apparel Industry in Sri Lanka

Discussion guide

This discussion is conducted by S.K.P.N. Silva as part of M. Eng. research project at

University of Moratuwa and it is expected to answer the following research questions.

O

@)

What are the tools and techniques most popular and most important?

Reasons to choose line wise, section wise, department wise and company wise the

above mentioned tools?

What is the order of implementation and sustainability of Lean tools and techniques?
What are the implementation strategies that suits Sri Lanka?

What are thg thallepdes-in-implemiéhting Lean?

How to overcome those challenges?

What are the benefits achieved after implementing Lean?

Thank you,
S.K.P.N. Silva,

Department of Mechanical Engineering,

University of Moratuwa,

Moratuwa.

06. 10. 2010.



Appendix E

Lean Key Performance Indicators

. Dack-to-Dock (DTD)
DTD is a measure of the speed which the product flows within the factory. It is the time
between unloading ot raw materials and the release of the finished goods for shipping. This is

measured in time scale or in cost of inventory (dollars)

DTD has three sub categories.

a) Dock-to-Dock Raw Material (DTD-RM) in days = RM stock value at the month-end

Average RM consumption per day

b) Dock-to-Dock Work in Progress (DTD-WIP) in days

= WIP stock value for the current month

Average RM consumption per day
¢) Dock-to-Dock Finish Goods (DTD-FQG) in days

= FG stock value at the end of month

Average cost of sales per day

o

Raw MaterialzOn Time Delivery (RM-OTD)
The percentage of deliveries completed on time, with respect to the total no. of deliveries

planned for the month,

(VP

Floor space saving

Area of tactory tloor space saved after implementing Lean Manufacturing.

4. First Time Through (FTT)
FTT = # of units produced - # of defects

Total number of units produced

5. Cut-to-Ship Ratio (CTSR)

The percentage of shipped quantity vs. cut quantity

6. Cost per Standard Hour (CPSH)

This is the cost spends on a standard hour sold during a given month
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7. Delivered In Full, On-Time (DIFOT)

This has two sub categories.

a) On Time Delivery — Finish Goods (OTD-FQ)

= # of deliveries completed on time x 100%

Total # of deliveries planned for the month

b) Order Fulfillment (OF) = # of garments delivered during the month_X100%

Total # of garments planned to deliver during the month

8. Plant efficiency

118



046201

»
4 » .
! L 4 ’
Appendix F
Table .1 Challenges (n=3)
Tool / Technique ! Lean Land Lack
ack e hH i acl Ink
Lack of Senior Middle S . Faitare | Budger | Yiewed | Financial and Lack of Unio § of
- implement Supervisor Employvee i T as value of cea: multi Plant Plant - trainin
Backsliding ) management | management A . of past consirai- buildings . .
s ation know . . resistance resistance . “flavor lean not [ talented size age nizat -e/
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- how of the recognized . employees -ton aware-
- are solid .
o o month ness
sS 4 1 2 3 3 1 3 l 2 1 4] 2 i 1 (] 1
Poka — yoke 1 2 | | 1 1 Q | 0 1 0 0 0 0 (] 2
Kaizen 4 3 1 3 2 1 3 2 1 1 0 | 0 1 0 3
Takt time 3 2 2 3 2 2 1 0 0 2 0 2 0 0 4] 1
One piece flow 4 2 2 3 3 3 1 1 0 2 1 2 1 Q 0 1
Pull system 4 2 2 3 3 3 ] 0 0 1 1 | i 0 0 1
JT 1 1 1 1 1 1 Q 0 0 1 0 0 1 0 0 0
Kanban 4 3 2 2 3 2 2 0 0 2 0 0 1 4] 0 2
Celtular 1 3 1 2 R 5 1 2 0 i 2 3 2 1 0 2
manufacturing
Heijunka G 2 1 1 1 0, | 1 Q 1 0 1 0 0 0 1
Quick changeovers 3 3 ! ] | 1 =z 5 0 i 0 1 0 0 0 2
VSM 2 2 2 | 1 I { 1 0 0 1 0 0 0 0 0 3
TPM 3 3 i 1 3 3 2 3 0 2 0 3 1] 4] 0 2
Visual displays & ctrhs 2 2 | 2 3 2 i 2 o 3 1 1] | 0 0 3
Jidoka 3 3 | 1 2 1 3 0 0 1 0 2 0 0 0 1
Problem solving + 3 2 ! 2 2 2 | 0 1 0 | 0 0 0 3
Standardized work 3 2 1 1 2 1 i o 0 1 0 3 0 0 0 2
Supplier integration 0 t 0 0 0 0 0 0 0 0 0 I 0 0 3} 1
Work groups & team 0 0 0 0 0 0 0 0 0 0 0 . 0 o )
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