|
INSTITUTO SUPERIOR DE ENGENHARIA DO PORTO I S e‘
MESTRADO EM ENGENHARIA MECANICA ‘

MELHORIA CONTINUAE
DESENVOLVIMENTO DE KPI'S NA
INDUSTRIA DE CABLAGENS METALICAS

JOAO MANUEL CORREIA LOPES PEREIRA

novembro de 2018

POLITECNICO
DO PORTO



n
I ‘ Instituto Superior de
‘ Engenharia do Porto

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF
KPI’S IN THE METALLIC CABLES INDUSTRY

Jodo Manuel Correia Lopes Pereira

2018
ISEP — School of Engineering, Polytechnic of Porto

Department of Mechanical Engineering

POLITECNICO
DO PORTO






n
I ‘ Instituto Superior de
‘ Engenharia do Porto

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF
KPI’S IN THE METALLIC CABLES INDUSTRY

Jodo Manuel Correia Lopes Pereira

1131164

Dissertation presented to ISEP — School of Engineering to fulfill the requirements
necessary to obtain a Master's degree in Mechanical Engineering, carried out under the
advisor of Doctor Francisco José Gomes da Silva, Adjunct Professor of Mechanical
Engineering Department of ISEP, and co-advisor of Master Jodo Augusto de Sousa
Bastos, Adjunct Professor of Mechanical Engineering Department of ISEP.

2018
ISEP — School of Engineering, Polytechnic of Porto

Department of Mechanical Engineering






JURY

President

Raul Duarte Salgueiral Gomes Campilho, PhD.

Adjunct Professor, ISEP — School of Engineering, Polytechnic of Porto
Supervisor

Francisco José Gomes da Silva, PhD

Adjunct Professor, ISEP — School of Engineering, Polytechnic of Porto
Second supervisor

Jodo Augusto de Sousa Bastos, MsC

Adjunct Professor, ISEP — School of Engineering, Polytechnic of Porto
Examiner

Jodo Carlos de Oliveira Matias, PhD

Full Professor, University of Aveiro

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY






ACKNOWLEDGEMENTS

The successful development of the present work was due to the contribution of different
elements that | would like to mention and to express my deepest gratitude.

To my supervisor on ISEP, Ing. Francisco Silva, for all the contribution and support on the
development of the present dissertation and for the encouragement when the success was just
a mirage.

To my second supervisor on ISEP, Ing. Jodo Bastos, for the guidelines provided along the
internship period.

To my supervisors on Fico Cables, Ing. Horst Mattausch and Ing. Francisco Ferreira, for the
confidence, tireless support, and transmitted experience.

To my family and friends, for all the emotional support.
To my girlfriend, for every night of hard work and motivation.

To the Continuous Improvement team of Fico Cables for allowing me to participate in some of
the improvement projects developed and presented on this dissertation.

To everyone else that, in one way or another, contributed to the development of the present
work.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA






ABSTRACT

KEYWORDS

Automotive industry; Continuous Improvement; Lean Thinking; Lean Manufacturing; Waste; Six

Sigma; A3 methodology.

ABSTRACT

The automotive industry, and in particular the production of components for the automotive
industry, is one of the most demanding sectors of the global market, with the different
companies needing to continuously be evolving and quickly adapt themselves. The response
capacity and flexibility of companies represent a key factor for their success. Through the last
decades, a growing concern with the creation of a mentality of excellence and vision of
continuous improvement, with actuation on the optimization of equipment, processes, tools
and people skills, has expressed its efforts in terms of cost reduction and increased
competitiveness.

This dissertation was developed during an internship period, in an industrial context, carried out
in the company Fico Cables, producer of components as metallic cables and comfort systems for
the automotive industry. This work was incorporated in the Production and Continuous
Improvement departments.

The developed work focused on the optimization of a specific assembly line, with the support of
various tools included in the Lean Thinking and Lean Manufacturing concepts, with the
identification and elimination of different types of wastes (mudas) and the balancing of
operations between the different workstations in order to increase the global efficiency and
productivity. A f

Through the application of a different methodology, as Six Sigma, it was carried out a different
improvement project with the aim to reduce the quantity of scrap on the most critical sector of
Fico Cables, and the achievement of a better comprehension of the flows, process characteristics
and different variables associated to the scrap production.

In every company, having information by itself is not advantageous if it is not properly handled
and filtered in order to direct efforts towards the real and most critical problems. In this way, it
was also part of the developed work, the implementation and improvement of a problem-
solving A3 methodology to manage different production-related Key Performance Indicators
(KPI1), with the adequate stratification of information, improvement actions plan and validation
of results.

The realization of these improvement projects allowed the company to achieve relevant
productivity gains on the assembly line, a solid path to achieve the purposed goals on the
diminution of the quantity of scrap and a better management of KPIs information.
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RESUMO

A industria automoével, e em particular a producdo de componentes para a industria automovel,
€ um dos setores mais exigentes do mercado global, com as diferentes empresas a necessitarem
de evoluirem constantemente e se adaptarem rapidamente. A capacidade de resposta e
flexibilidade das empresas representa um fator chave para o seu sucesso. Durante as uUltimas
décadas, uma crescente preocupacdo com a criacdo de uma mentalidade de exceléncia e visdao
de melhoria continua, com a atuacdo na otimizacdo de equipamentos, processos, ferramentas
e habilidades de pessoas, tem expressado os seus esforcos em termos de reducdo de custos e
aumento de competitividade.

A presente dissertacdo foi desenvolvida durante um periodo de estagio, em contexto industrial,

na empresa Fico Cables, produtora de componentes como cablagens metalicas e sistemas de
conforto para a industria automovel. Este trabalho foi incorporado no departamento de

Producdo e Melhoria Continua.

O trabalho desenvolvido focou-se na otimizacdo de uma linha de montagem especifica, com
suporte de diversas ferramentas incluidas nos conceitos de Lean Thinking e Lean Manufacturing,
com a identificacdo e eliminagdo de diferentes tipos de desperdicios (mudas) e balanceamento
de operacgOes entre os diferentes postos de trabalho, de forma a aumentar a eficiéncia global e
produtividade.

Através da aplicacdo de uma metodologia diferente, como o Six Sigma, foi levado a cabo um
projeto de melhoria com o objetivo de reduzir a quantidade de sucata no setor mais critico da
Fico Cables, e a obtengao de uma melhor compreensado dos fluxos, caracteristicas do processo e
diferentes varidveis associadas a produgao de sucata.

Em todas as empresas, ter informagdo por si s6 ndo é vantajoso, se a mesma ndo for
corretamente tratada e filtrada, de forma a direcionar esforgos para os reais e mais criticos
problemas. Desta forma, fez também parte do trabalho desenvolvido, a implementagdo e
melhoria de uma metodologia de resolucdo de problemas A3 para a gestdo de diferentes
Indicadores Chave de Performance (KPls) relacionados com a produgdo, com a adequada
estratificacdo de informacao, planos de a¢des de melhoria e verificacdo de resultados.

A realizacdo destes projetos de melhoria permitiu a empresa alcancar relevantes ganhos de
produtividade na linha de montagem, um caminho sdlido para atingir os objetivos propostos na
diminuicdo da quantidade de sucata e uma melhor gestdao de informacgdo de KPIs.
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GLOSSARY OF TERMS

List of units
h Hour
S Seconds
min Minutes
m Meters
m? Square meters
kg Kilograms
List of symbols
€ Euros
% Percentage
oC Celsius degrees

GLOSSARY OF TERMS

Comfort systems

Type of product produced and that constitutes part of the automotive
seat. It is a structure responsible for the comfort offered in the seat
for the user.

Component present in the most type of automotive cables and that

Conduit results of the process of wire spiral.
Gemba Term associated to the shop floor.
Results from the agglutination of two Japanese words: Kai, that
Kaizen means change, and Zen, that means for better, resulting in the
continuous improvement concept.
Subgroup Final product of an intermedium operation.
Setup Represents the change of products, tools or adjustments performed

at the beginning of the process.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY

JOAO PEREIRA

XV



FIGURES INDEX

FIGURES INDEX

FIGURE 1 - KEY MILESTONES (ABOVE) AND MAIN PRODUCTION SYSTEMS (BELOW) OF AUTOMOTIVE

INDUSTRY [A]1ceoveeeeeeeeeeeeeeeeeee e esee e es e es e s e s en e eese s eneeesseessesneen 41
FIGURE 2 - EVOLUTION OF THE AUTOMOTIVE INDUSTRY HISTORY IN PORTUGAL [6] ....eoovvererrerrecrenns 43
FIGURE 3 - PERCENTAGE OF SHARE RELATIVE TO WORLDWIDE MOTOR VEHICLE PRODUCTION [10]......44
FIGURE 4 - WORLDWIDE AUTOMOBILE PRODUCTION IN MILLIONS OF VEHICLES [11]...vovvoveereereeneonns 44

FIGURE 5 — WORLDWIDE CAR SALES FROM 1990 TO 2018 (LEFT) [12] AND SALES OF PASSENGER VEHICLES

OF SELECTED COUNTRIES FROM 2005 TO 2017 (RIGHT), IN MILLION UNITS [11]..cccceevieiiinienicnnee. 45
FIGURE 6 - EVOLUTION OF CAR SALES VOLUME IN PORTUGAL (2000-2017) [13] eecvervenrerenrerreeereneenenne 45
FIGURE 7 - AUTOMOTIVE VALUE CHAIN [L16] ..ccuviiiiiiiiiieiiieiieieerecee ettt s e 46

FIGURE 8 - EVOLUTION OF RESPONSIBILITY TRANSFER FROM MANUFACTURERS TO SUPPLIERS (ADAPTED
FROM [L9]) ettt e s bbbt s b e s bbb s 47

FIGURE 9 - PRESSURE ON COMPONENTS SUPPLIERS IN THE AUTOMOTIVE INDUSTRY (ADAPTED FROM

LLB]) -t 49
FIGURE 10 - ISO TS PROCESS APPROACH [25] ...eueveeeeeeeeseeeeeeeseseeeeseeeseseeeseseeeseseessesessssessseeeseseesessessssees 50
FIGURE 11 - PROCESS OF CREATION OF ISO/TS 19949 ........vvoorveeereeieseeseseesssseesssseseseessseessssesesenessnenes 51
FIGURE 12 — PROCESS OF ENVIRONMENTAL MANAGEMENT IN THE AUTOMOTIVE INDUSTRY [33].........53
FIGURE 13 - LABOUR-INTENSIVE VERSUS CAPITAL-INTENSIVE [38, 39] ...eeuvveemveeeeeeseseeeeseereeseeseseesssenes 54

FIGURE 14 - TYPES OF AUTOMATION RELATING TO QUANTITY AND VARIETY OF PRODUCTS (ADAPTED
FROM [40]) - vveeeveeeeeeseeeeseeseeeseseeeeseesesseeeseees s es s sesseseseses s sesseeeseeeeseeesseseseseeseeeseses s seseseseeesaeesrsesee 56

FIGURE 15 - HISTORICAL EVOLUTION OF PRODUCTION MANAGEMENT [43] ..cccviiiiieiiieiicieereere e, 57

FIGURE 16 - DESCRIPTION OF TWO IMPORTANT CHANGES RELATING TO THE QUALITY MANAGEMENT OF

AUTOMOTIVE INDUSTRY [A4] ..ottt ettt sttt e 58
FIGURE 17 - METHODOLOGY TO CREATE A CAUSE-AND-EFFECT DIAGRAM [46].......ccceviiiiiiiniiiiiiien, 59
FIGURE 18 - CAUSE-AND-EFFECT DIAGRAM FOR LOST CONTROL OF CAR [44]......ccceviiiiiiiiiiiiiiiciien, 60
FIGURE 19 - PARETO CHART APPLIED TO CUSTOMER COMPLAINTS [46] .....oovviiiiiiiiiiiiiiiiiiciccicci, 60
FIGURE 20 - METHODOLOGY TO CREATE A PARETO CHART [47]...ceiiiieiiereeneeeeet e 60
FIGURE 21 - CONTROL CHART [4B] ....oiiiiiiiiiiiiiieiiicicie sttt 61
FIGURE 22 - METHODOLOGY TO CREATE A CONTROL CHART [A7] . everiereereenieeeeeeteeeeeeereere e e 62

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



FIGURES INDEX

FIGURE 23 - 5 WHY'S METHODOLOGY APPLICATION EXAMPLE FOR A PROBLEM OF DELAY ON DELIVERIES

[AT7] e e s a e s 62
FIGURE 24 — METHODOLOGY TO REALIZE A BRAINSTORM SESSION [49].....cccovoiiiiiiniiiiiiiiinicieienen 63
FIGURE 25 - SWOT ANALYSIS STRUCTURE [52] .ottt s 64
FIGURE 26 - STEPS FOR THE APPLICATION OF PDCA CYCLE (ADAPTED FROM [53]) .coveeverinririieicreienenne 65
FIGURE 27 - APPLICATION OF PDCA AND SDCA CYCLES [54] .ocuviiiiiiiiiiiieiiesieeit e 65
FIGURE 28 - HOUSE OF TPS [57] vttt s e 66
FIGURE 29 - THE VISUAL MANAGEMENT TRIANGLE [61] ..cooviiiiiiiiiiiiiiiiiccicesi e 70
FIGURE 30 - OPERATING MODE OF THE KANBAN SYSTEM (ADAPTED FROM [63]) ..coovvvviriiiniiiiieieine 71

FIGURE 31 — IMPLEMENTATION, APPLICATION TO THE DAILY WORK AND BENEFITS OF STANDARD WORK

[58, 64, 5] ....veoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e ee e e 72
FIGURE 32 - IMPACT OF TIME LOSSES IN PRODUCTION TIME (ADAPTED FROM [72]) w..vovvoveeeeereerenes 75
FIGURE 33 - FOUR TYPES OF A3 STORIES [77] cvveuveerveereeeeeseeseesssesssesesssessssssssesssssssssssssssssssssnsanes 76
FIGURE 34 - A3 PROBLEM-SOLVING REPORTING PROCESS [77] oveevveervereereeeeeeeeseessessesseessssssssssseenes 78
FIGURE 35 - A3 PROBLEM-SOLVING STORY FORMAT AND FLOW [77] w..vouveeeeeeeeeeeeeeseeseeeseeeseeseeeneenes 78
FIGURE 36 — BASIC STEPS INVOLVED IN THE STUDY OF WORK [82] .....eeveeeeeeeeeeeeeeeeeeseeeeesseeeseeeneeeneeenes 80
FIGURE 37 - ASSEMBLY LINE BALANCING VERSUS TAKT TIME (ADAPTED FROM [79]) ...vovveeerrerereerenes 81
FIGURE 38 — EVOLUTION OF SIX SIGMA [50, 87, 88].......vvuurverrereeerseeresssessesssssessssssssnssessssssssssesssnses 82
FIGURE 39 — METHODOLOGY OF DMAIC AND DMADV [88] .......vuurvereereereesesseesessseeseesssesssssessessesnes 83
FIGURE 40 - FLOWCHART OF THE DMAIC PATH [89] .....cveuveereeeeeeeeeesesseeseesseseesesssssessessseeseesessseenes 85
FIGURE 41 - STEPS FOR IDENTIFICATION OF PRODUCTS AND PROCESSES [89] ......vouvveereereereeereeenesneenes 85
FIGURE 42 - MAIN ACTIVITIES IN MEASURE STAGE [89] .....ocuuvveueveeeeoseeeeseesssessesssesessessessssssssesnsssssseens 86
FIGURE 43 - MAIN ACTIVITIES ON ANALYZE STAGE [89] .....vvuurveueeeereeseeeseeseseessesssssessessssssssessssssssssseons 86
FIGURE 44 - MAIN ACTIVITIES ON IMPROVE STAGE [89] ......oovvurveeveeeeeseseeseseessesssesessessssssssssssnsssssseons 87
FIGURE 45 - MAIN ACTIVITIES ON CONTROL [89] ....veoveevereeeeeeeeeeeeeseeeseeeseeeseesseeseesseeeseeseessesesesssesssesenes 87
FIGURE 46 - THE GLOBAL PRESENCE OF THE GROUP FICOSA ......oooverveeeeeeeeeeseeseeseeeseeeseesseeesee s sneenes 92
FIGURE 47 - SALES VOLUMES FROM 2013 TO 2017 ....oouveeeeeeeeeeeeeeeseeeeeeseeeeeesseeesee s s ssesesesenessseenes 93
FIGURE 48 — EVOLUTION OF THE MOD DEVIATION KPI DURING THE YEAR OF 2017 ......oovvvereereereenreones 95
FIGURE 49 - CUMULATIVE EVOLUTION OF EXPECTED MOD GAIN IN 2018 .......covurverreerenreeresnenseensennes 95

FIGURE 50 — OEE (%) OF MARCH OF 2018 AND NUMBER OF PEOPLE THAT WORKS ON THE SELECTED
ASSEMBLY LINES .ottt e e s ba e s s e a e e s sra e e 97

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

XVI



FIGURES INDEX

FIGURE 51 — LOSS (IN NUMBER OF PEOPLE) BY PERFORMANCE AND AVAILABILITY AND NUMBER OF

PEOPLE THAT WORKS ON THE SELECTED ASSEMBLY LINES .....cooiiiiiiiiiiiiiiiiicecec e 97
FIGURE 52 — REPRESENTATION OF A HANDBRAKE SYSTEM [91] ...coiiiiniiiiiiiiiiieicie e 100
FIGURE 53 — ‘PSA TRAVAQ’ ASSEMBLY LINE LAYOUT ...cuiuiiririiririieieieieieisieesesese st sessssssssessses 101
FIGURE 54 — COMPONENTS SUPPLY PROCESS TO THE ASSEMBLY LINE ‘PSA TRAVAQ ......ccceevrvriinennen. 103
FIGURE 55 - DIAGRAM WITH MAIN OPERATIONS OF THE WORKSTATIONS 100A AND 100B.................. 104

FIGURE 56 - KNURL INNER TUBES OPERATION (LEFT) AND ASSEMBLING OF O’RING ON THE CONDUIT END
FITTING (RIGHT) cuitiiieieece st s s 104

FIGURE 57 - INTRODUCTION OF THE SEALING ON THE CONDUIT END FITTING (LEFT) AND ASSEMBLE OF
METALLIC O’'RING ON THE CONDUIT END FITTING (RIGHT) ceueeeiieiieieniesiieieeeee e 105

FIGURE 58 - ASSEMBLE OF KNURLED INNER TUBE ON THE CONDUIT END FITTING (LEFT) AND FINAL
VALIDATION OF (RIGHT) tuttttietietiete sttt ettt et ettt ettt et s sae st e st e sbeeteenteeneesseenbeenbeenseensesnees 105

FIGURE 59 - DIAGRAM WITH MAIN OPERATIONS OF THE WORKSTATION 101 ....ccccovviiiiiiiiiiiiiiiieene 106

FIGURE 60 - GRIND AND COUNTERSINK OPERATION (LEFT) AND INTRODUCTION OF EXTERNAL TUBE ON
THE JIG (RIGHT) 1.ttt e s s 106

FIGURE 61 - OPERATOR GRABBING THE EXTRA TUBE (LEFT) AND INSERT OF CONDUIT GROUP ON THE
DISPOSITIVE TO POSITION THE EXTRA TUBE (RIGHT) c.ceueeiiieriieit ettt st 106

FIGURE 62 - DIAGRAM WITH MAIN OPERATIONS OF THE WORKSTATION 102......cccciiiiiiiiiieiiiiiiiineeene. 107

FIGURE 63 - ASSEMBLY OF THE INNER TUBE ON THE CONDUIT (LEFT) AND INSERT OF THE CONDUIT END
FITTING SUBGROUP INTO THE BIGGER INNER TUBE (RIGHT) ...c.cciiiiiiiiiicieniieseseseeeeee 107

FIGURE 64 — ASSEMBLE OF THE CONDUIT/CONDUIT END FITTING SUBGROUP ON THE JIG (LEFT) AND
PRESSING THE PUSHBUTTON (RIGHT) +.eeeuiiutetiteritetieitee ettt e 108

FIGURE 65 - DIAGRAM WITH MAIN OPERATIONS OF THE WORKSTATION 103......ccccovviiiiiiniiiiiiiieens 108

FIGURE 66 - INTRODUCTION OF THE CONDUIT GROUP ON THE JIG (LEFT) AND CABLE END FITTING ON THE
RADIAL PRESS (RIGHT) wevvvveevereeeeeseeseeeeseesessesessseseessseseseessssesesssesessessesessesseesssesesesssssesssesesssesseesees 109

FIGURE 67 - DIAGRAM WITH MAIN OPERATIONS OF THE WORKSTATION 104 .......ccccviiiiiiiiiiiiciiie, 109

FIGURE 68 - OPERATOR INTRODUCING THE CABLE ON A STRIP DISPOSITIVE (LEFT) AND INTRODUCING THE
CABLE END FITTING (RIGHT) ..utiiiiiiitiiiiiiiicici et 110

FIGURE 69 - OPERATOR INSERTING THE CABLE SUBGROUP ON THE MEASUREMENT JIG (LEFT) AND ON
THE ESSAY JIG (RIGHT) oottt s 110

FIGURE 70 — LINE BALANCING OF THE DIFFERENT WORKSTATION OF THE ASSEMBLY LINE ‘PSA TRAVAO’
(BEFORE) oottt e e e e e e ee e e e s es e e s e es e eseee e seee e s e s es et eseeeseeeeeesaeeene 114

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

Xvii



FIGURES INDEX

FIGURE 71 - WORKSTATION WITH “ADD-INS” FOR KNURL AND JIG VALIDATION EQUIPMENT (BEFORE)

FIGURE 72 — REMOVED “ADD-INS” REMOVED AND KNURL/JIG VALIDATION EQUIPMENT ADAPTED IN THE

MAIN STRUCTURE (AFTER) .eutiitietiitieiieitet ettt sttt sttt ettt st sttt ne s e 117
FIGURE 73 - FINAL LAYOUT OF THE PSA TRAVAO ASSEMBLY LINE.....cciiiiirieeieieiniririeneeeeiesesseseseseeeees 118
FIGURE 74 - METALLIC O’RING ASSEMBLE EQUIPMENT ....cccoiiiiiiiiiiiiiii s 118
FIGURE 75 - PREVIOUS AND AFTER BIGGER INNER TUBE CONTAINER LOCATION......ccoocvuvviiiniiiiiniienns 119

FIGURE 76 - BIGGER INNER TUBE STOCK CONTAINER CAPACITY MAXIMIZED (LEFT) AND SHAPE HANDLE
TO ADAPT THE DEPTH OF THE CONTAINER (RIGHT) ....ccuiiiiiiiiiiiiiciicicecece e 119

FIGURE 77 - RUBBER BELLOW AND CONDUIT END FITTING ASSEMBLED .....ccoccvviiieiiiiiiiiiecceee, 120

FIGURE 78 - STOCK ORGANIZATION FOR COMPONENTS AND CONDUIT END FITTING SUBGROUPS OF
WORKSTATION 100A/B (BEFORE) ...c.uietieiieeieieieiesteeteeiteneesee e e saestesseeseeseessessessessesnesseessensensessenses 121

FIGURE 79 — NEW WORKSTATION 100A/B COMPONENTS RACK AND CORRESPONDING LAYOUT (AFTER)

FIGURE 80 - LAYOUT OF THE NEW CONDUIT END FITTING SUBGROUPS ON THE WORKSTATION 100A/B

(AFTER) .o s s s e es e ee e s s e e s es e s ese et es e s seees s eseeeneeeees 122
FIGURE 81 — CONDUIT END FITTING SUBGROUPS RACK AND VISUAL STANDARD USED (AFTER)............ 123
FIGURE 82 — STORE SPACE UNDER THE WORKSTATION 100A/B (BEFORE AND AFTER) .......eoverrverrennen. 123
FIGURE 83 - LOCATION OF THE GRIND/COUNTERSINK EQUIPMENT (BEFORE) ..........vveveervereereeereeneens 124

FIGURE 84 - LOCATION OF THE GRIND/COUNTERSINK EQUIPMENT AND CONDUIT GUTTER (AFTER) ...125

FIGURE 85 — ACCUMULATION OF EXTERIOR TUBE BOXES UNDER THE WORKSTATION (BEFORE).......... 125
FIGURE 86 — BIG EXTERIOR TUBES STOCK ZONE (BEFORE) .....ceueeuteiiieriietenieeieeeeeeie s 126
FIGURE 87 — BIG EXTERIOR TUBES STOCK ZONE LAYOUT ....ooiiiiiiiiiiiiiiiiiic i 127
FIGURE 88 -BIG EXTERIOR TUBES STOCK ZONE (AFTER) c..eoveiueeiieiieicienieete sttt 128
FIGURE 89 - SMALL EXTERIOR TUBES STOCK ZONE LAYOUT ....couiiiiiiiiiiiiiic it 129
FIGURE 90 — SMALL EXTERIOR TUBES STOCK ZONE (AFTER) ....eeitieiiieieeiieieeiteeieesieeie et 130
FIGURE 91 - VISUAL STANDARD FOR THE SMALL EXTERIOR TUBES STOCK ZONE........ccccocvviriiiiiinniienns 130

FIGURE 93 - NOZZLE APPLICATION FOR BIG INNER TUBE AND LOCATION ON WORKSTATION 102........ 131
FIGURE 94 - SMALL INTERIOR TUBES STOCK ZONE LAYOUT .....ooiiiiiiiiiiiii i 132

FIGURE 95 - SMALL INNER TUBES STOCK ZONE AND CORRESPONDING VISUAL HELP ADDED (AFTER) ..133

XVi

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



FIGURES INDEX

FIGURE 96 — CO-OPERATION OF OPERATORS FROM WORKSTATIONS 101 AND 104 FOR THE PACKAGING

L0 1N I L 134
FIGURE 97 — PREVIOUS ORGANIZATION OF THE MAIN SETUP TOOLS CABINET ......cooviiiiiiiieiiieciiec 135
FIGURE 98 - MAIN SETUP TOOLS ...ttt b 135

EACH ONE ..o e s a s b saae e 136
FIGURE 100 — REDESIGNED LAYOUT FOR THE MAIN SETUP TOOLS CABINET ......cooviiiiiiiiiiiieciiecciec 137
FIGURE 101 - REDESIGNED ORGANIZATION OF THE MAIN SETUP TOOLS CABINET ......cocovvvviiiiiiiiiennne, 137
FIGURE 102 — SETUP TOOLS STORAGE OF WORKSTATIONS 101, 102 AND 104 (BEFORE).......ccccccveuunee. 138
FIGURE 103 - SETUP TOOLS STORAGE OF WORKSTATIONS 101, 102 AND 104 (AFTER)..c.cceovrveueerennenne. 138
FIGURE 104 — ORGANIZATION OF THE THERMOGRAPHY PIECES STORAGE (BEFORE VS. AFTER) ........... 139

FIGURE 105 - LINE BALANCING OF THE DIFFERENT WORKSTATION OF THE ASSEMBLY LINE ‘PSA TRAVAQ’

FIGURE 109 - SPAGHETTI DIAGRAM OF THE BIG INNER TUBE FOR ‘PSA TRAVAQ’ (BEFORE) .......ocoece.... 151

FIGURE 110 — PROPOSAL FOR THE SPAGHETTI DIAGRAM OF THE BIG INNER TUBE FOR ‘PSA TRAVAQ’ 151

FIGURE 111 - ACTUAL VSM FOR THE BIG INNER TUBE (PSA TRAVAO) ......ceiieiiriererererereieiesssnssevesenene 156
FIGURE 112 - FUTURE VSM FOR THE BIG INNER TUBE (PSA TRAVAO) .....c.ovierierereiriririsieeeiesesssssssnees 157
FIGURE 113 — SWOT ANALYSIS REGARDING THE PDCA CYCLE USE........cccooiiiiiiiiiiiiiiiiiiiicnieccciecc s 159
FIGURE 114 - SWOT ANALYSIS OF THE SIX SIGMA USE ....cccviiiiiiiiiiiiiiiiiii e 160
FIGURE 115 - DMAIC STAGES AND STEPS OF THE DEVELOPED PROJECT .....coiviuiiiiiiiiieiiiie e 161
FIGURE 116 — PRIORITIZATION RANKING MATRIX FOR THE DEVELOPED PROJECT ....ccoocvvviiiriiiiiriienns 162

FIGURE 117 - IDENTIFICATION OF THE CORPORATIVE VALUES THAT WERE RELATED TO THE PROJECT.162

FIGURE 118 — DOCUMENT FOR DEFINITION OF THE PROJECT (PROJECT CHARTER) ...cecvvvvireeneenieenenne, 163
FIGURE 119 - CTQ TREE RELATED TO THE QUALITY PARAMETER OF THE PROJECT .....ocovviiiiiiiiiiieienee 164
FIGURE 120 - POSITION OF FICO CABLES IN THE SUPPLY CHAIN OF OEMS......cccccooviiiiiiiiiiiiiiccciiccs 164
FIGURE 121 - EXAMPLE OF CUSHIONS USED BY DIFFERENT AUTOMOBILE MANUFACTURERS............... 165

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

XIX



FIGURES INDEX

FIGURE 122 — EXAMPLE OF SUSPENSION MATS USED BY DIFFERENT AUTOMOBILE MANUFACTURERS 165

FIGURE 123 — AUTOMOTIVE SEAT STRUCTURE AND LOCATION OF SM AND CUSHION COMFORT SYSTEMS

FIGURE 124 - OTHER COMFORT SYSTEM PRODUCTS PRODUCED: M3M4 SM (LEFT) AND IBK LATERAL
SUPPORT (RIGHT) ittt sttt ettt et ettt ettt ettt st st s aeesae e bt et e e abe e st e ebeenbeenbeenbeenbesaeesaeas 166

FIGURE 125 - ASSEMBLY OF THE PROJECT M3M4 SM ON AN AUTOMOTIVE SEAT STRUCTURE ............. 166

FIGURE 128 = WIRE REEL..cciiiiiiiiiiiiiii ettt 168

FIGURE 129 — NEW WIRE REEL (LEFT) AND WIRE REEL BEING MOVED TO AN UNWINDER SUPPORT
THROUGH A MOBILE BRIDGE (MIDDLE) AND WIRE REEL MOUNTED ON THE UNWINDER SUPPORT
(RIGHT) oot es e s s es e ee s s et es s e s se s e s es e eee e et ees s esseressenes s eesesesseeeseeeessesesesesees 168

FIGURE 130 — WIRE STRAIGHTENING, BENDING AND CUTTING PROCESS ON A CNC BENDING MACHINE

........................................................................................................................................................ 169
FIGURE 132 - STRAIGHTENING ROLLERS (ABOVE) AND TRACTION WHEELS (BELOW) ....cccocvvvveiirinnne, 170
FIGURE 133 — INOVMAQ BENDING PARAMETERS CONFIGURATION......c.coovtiiiiiiiiiiiiiciiicec i 170
FIGURE 134 — ELASTIC RETURN BEHAVIOR COMPENSATION......cocoiiiiiiiiiiiiinniici i 171
FIGURE 135 - BLADE AND COUNTER-BLADE MECHANISM ......coiiiiiiiiiiiiiiiiiiiicciic s 171

FIGURE 138 - CONFORMATION HEAD OF AN INOVMAQ MACHINE.......ccccoiiiiiiiiiiiniiiciiic e 173

FIGURE 139 - WIRE CUT ON THE EXTRACTION GUIDE (LEFT) AND WIRE PLACED IN CONTAINERS (RIGHT)

(INOVIMIAQ) ...ttt 173
FIGURE 140 — WIRE STRAIGHTENING AND CUTTING PROCESS OF DORCA MACHINES .........ccceeviiiiinnns 174
FIGURE 141 - WIRE ENTRANCE GUIDE (DORCA MACHINE) .....cctiiiiiiiiniieiinitcieieieie st 174

FIGURE 142 - TRACTION WHEELS (LEFT) AND STRAIGHTENING ROLLERS (RIGHT) OF A DORCA MACHINE

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

XX



FIGURES INDEX

FIGURE 143 - BLADE AND COUNTER-BLADE (DORCA MACHINE) ......ccoiniiiiiiiiiiiicie e 175
FIGURE 144 — LENGTH OF CUT SENSOR (DORCA MACHINE)......ccceiiiiiiniiiiiicicicieie e 175
FIGURE 145 - CONTAINERS WITH WIRE STRAIGHTENED AND CUT IN DORCA MACHINES.........c...ccuenee. 176
FIGURE 146 - MANUFACTURING PROCESS OF TEC MACHINES ........cocoiiiiiiiiiiiiiii e 176

FIGURE 147 - CONTAINER WITH WIRE CUT BY DORCA MACHINES (LEFT) AND WIRE FEEDING IN TEC
IMACHINE (RIGHT) ettt ettt st sttt s a ettt et esbtesbe et e enbeeatesatesaeesaeenaeanseenee 177

FIGURE 148 - MECHANISM OF THE CLAW THAT GRABS THE WIRE FROM THE FEEDER (DORCA MACHINE)

FIGURE 149 - LAYOUT OF TEC 5 (ABOVE) AND INITIAL BENDING STATIONS (BELOW) ....ccceevvviverinnnne, 178

FIGURE 150 - BENDING LOCATION OF A WIRE PRODUCED IN TEC5 (ABOVE) AND TWEEZER OF 12 (BELOW)

FIGURE 151 - EXTRACTION CLAW AND EXTRACTION GUIDE OF TEC 5...ciiiiiiiiiiiiiieieiiiiceeee e, 179

FIGURE 152 - CONFORMED WIRES ON THE EXTRACTION GUIDE OF A DORCA MACHINE (LEFT) AND ON
CONTAINERS TO PROCEED FOR THE NEXT OPERATION (RIGHT) ..c..ovuiiiiiiiiiiiieiiscccecieicie e 179

FIGURE 153 - ENTRANCE OF CONFORMED WIRES IN FURNACE (LEFT) AND COOLING OPERATION AFTER

THE HEAT TREATIMENT (RIGHT) c.etteiteiiie ittt ettt st sttt sae et et e e ennesnees 180
FIGURE 154 — HEAT TREATMENT PROGCESS ....ccoiiiiiiiiiiiiiieiitiiee ettt 180
FIGURE 155 — INJECTION SECTOR OF THE FA MODULE......ccccoiiiiiiiiiiiiiiiiin i 180

FIGURE 156 - TYPE OF INJECTION MACHINE USED FOR COMFORT SYSTEMS MANUFACTURE (LEFT) AND
CONSTITUTION OF THE MOLDS USED (RIGHT) ..ottt 181

FIGURE 157 - OPERATOR PLACING CONFORMED WIRES IN THE MOLD (LEFT), INJECTION OPERATION
OCCURRING (MIDDLE) AND PRODUCT AFTER INJECTION OPERATION (RIGHT) .cveoveveeeiieieicienene 181

FIGURE 158 - DISTRIBUTION OF SCRAP COST PER MODULE (LEFT) AND DISTRIBUTION OF SCRAP COST PER

FA SUBMODULE (RIGHT) .ottt ettt sttt sttt s 182
FIGURE 159 — TOP-20 REFERENCES THAT CONTRIBUTE TO SCRAP COST PER SUB-MODULE................... 183
FIGURE 160 - QUANTITY (LEFT) AND PERCENTAGE (RIGHT) OF SCRAP PER EQUIPMENT ........cccvevennne. 183

FIGURE 161 -TYPES OF SCRAP SOURCES AND VARIABLES ASSOCIATED WITH THE TECNOLOGIAL AND
DORCA EQUIPIMENT ..ottt et enae s s enae e 185

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

XXI



FIGURES INDEX

FIGURE 165 - DISTRIBUTION OF THE RATIO OF SCRAP PRODUCED/QUANTITY PRODUCED BY THE SHIFT

FIGURE 166 — BOXPLOT WITH DISTRIBUTION OF THE RATIO OF SCRAP PRODUCED/QUANTITY PRODUCED
BY SHIFT ittt st e st s e e e e et s e e e s e e s s s 187

FIGURE 167 - BOXPLOT WITH DISTRIBUTION OF RATIO OF SCRAP PRODUCED/QUANTITY PRODUCED BY
SOURCE OF SCRAP ...ttt ettt e et e s et s e e e s s b e e e s e mne e e snane e s snaeeeas 188

FIGURE 168 — CONTROL CHART WITH EVOLUTION OF RATIO OF SCRAP PRODUCED/QUANTITY PRODUCED

FIGURE 169 - BOXPLOT OF DORCA EQUIPMENT RATIO OF SCRAP PRODUCED/QUANTITY PRODUCED BY
SHIFT (LEFT) AND BY EACH EQUIPMENT (RIGHT) ..eiutiiiieieeie sttt 189

FIGURE 170 - BOXPLOT WITH TECNOGIAL 8 DISTRIBUTION OF RATIO OF SCRAP PRODUCED/QUANTITY
PRODUCED BY SHIFT (LEFT) AND BY SOURCE (RIGHT) ..cuetitieriieiieiieieeiiesieeieeie et 189

FIGURE 171 - BOXPLOT WITH LBT DISTRIBUTION OF THE RATIO OF SCRAP PRODUCED/QUANTITY
PRODUCED BY SHIFT (LEFT) AND BY SOURCE (RIGHT).....ccuiiiiiiiiiiniiiiiiiicicie e 190

FIGURE 172 - BOXPLOT WITH TECNOGIAL 1 DISTRIBUTION OF RATIO OF SCRAP PRODUCED/QUANTITY
PRODUCED BY SHIFT (LEFT) AND BY SOURCE (RIGHT) ..cuetitieriieiieieeieeiie sttt 190

FIGURE 173 - ISHIKAWA DIAGRAM RELATED TO THE SCRAP PRODUCED DURING THE ADJUSTMENT
PROCESS ON THE LBT EQUIPMENT ...ttt e s 192

FIGURE 174 - ISHIKAWA DIAGRAM RELATED TO THE SCRAP PRODUCED DURING THE ADJUSTMENT

PROCESS ON THE TECNOGIAL 8 EQUIPMENT ....oiiiiiiiiiiiiiieiiiiii e 194
FIGURE 175 - LBT OLD STATIONS AFTER BEING REMOVED ........cctiiiiiiiiiiiiiiiiiiccritc e 197
FIGURE 176 - MAIN INTERVENTION ON THE LBT STATIONS .....ccuviiiiiiiiiiiiiiiiiiicccic i 197
FIGURE 177 - EXCESSIVE QUANTITY OF INFORMATION ON THE SIDES OF LBT EQUIPMENT .........c.ccue. 198
FIGURE 178 - NEW DOCUMENT ORGANIZATION (LBT EQUIPMENT) c.ceviiiriieiieiieecie e 198
FIGURE 179 - LBT EQUIPMENT AFTER REMOVING THE EXCESSIVE DOCUMENTATION .....ccoovvvieviiniiennnns 199
FIGURE 180 - SCRAP REPORT FOR DORCA EQUIPMENT ...ccuviiiiiiiiiiiiiieiiric e 199

FIGURE 181 — DORCA EQUIPMENT STOCK MANAGEMENT BOARD TEMPLATE (LEFT) AND PRESENCE ON

THE GEMBA (RIGHT) .ottt 200
FIGURE 182 - CLEANING OPERATIONS STANDARD FOR DORCA EQUIPMENT .....ccoocvviiiiiiiiiiiiiiniiiieens 201
FIGURE 183 - CONTROL WORKSTATION FOR DORCA EQUIPMENT ......cooviiiiiiiiiiiiiecciec e 201
FIGURE 184 — GAUGE FOR STRAIGHTENING VALIDATION .....coiiiiiiiiiiiiiiii it 202

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

XXII



FIGURES INDEX

FIGURE 186 - SCRAP CONTAINER BEFORE (LEFT) AND AFTER IMPLEMENTATION OF COMPARTMENTS

ACCORDING TO THE TYPE OF DEFECT (RIGHT) .ccuiiiiiiiiiiiiiieicici e 203
FIGURE 187 - CONTROL CHART OF QUANTITY OF SCRAP PER QUANTITY PRODUCED (LBT) .....cccovenneee. 204
FIGURE 188 - EVOLUTION OF SCRAP COST (€) DURING THE BEGINNING OF THE PROJECT .......ccccevenenne. 205
FIGURE 189 - WEEKLY EVOLUTION OF SCRAP ON LBT EQUIPMENT ......ccceoiiiiiiiiiiiiiiiicec e 205
FIGURE 190 - WEEKLY EVOLUTION OF SCRAP ON DORCA 1 AND 6 EQUIPMENT ......cccoviiiiiiiiieeiiiieenns 206
FIGURE 191 - PREVIOUS A3 MODEL USED FOR THE MOD DEVIATION KPl......cooiiiiiiiiiiiiiiiiieciiiccieee 209
FIGURE 192 — EXAMPLE OF A WAR ROOM VIEW ....cuviiiiiiiiiiiiiiiiicic et 210

WAR ROOM ....coiiiiiiiiiiiiiiiiiie ittt et eba e a s s s e e s aba e e s saraeeeas 216
FIGURE 196 — PREVIOUS ANALYSIS FIELD OF THE MOD DEVIATION A3 SHEET ....cccccviiiiiiiiiiiiiiceiiiies 217
FIGURE 197 - PREVIOUS IMPROVE FIELD OF THE MOD DEVIATION A3 SHEET .....ccocviiviiiiiiiiiiiiiiiiiees 218
FIGURE 198 - PREVIOUS CHECK RESULTS FIELD OF THE MOD DEVIATION A3 SHEET ....ccoccoiviiiiiiiiiiinins 218
FIGURE 199 - PREVIOUS DEFINE AND MEASURE FIELDS OF THE OEE A3 SHEET .....cccoviviiiiiiiiiiiiiiiies 219
FIGURE 200 — VIEW OF THE CP AUTO SOFTWARE .....ccctiiiiiiiiiiiiiiicic i 219
FIGURE 201 - PREVIOUS ANALYSIS FIELD OF THE OEE A3 SHEET ...ccoocviiiiiiiiiiiiiicciiicnec s 220
FIGURE 202 - PREVIOUS IMPROVE FIELD OF THE OEE A3 SHEET ...ccccviiiiiiiiiiiiiieciiiicnec e 220
FIGURE 203 - PREVIOUS CHECK RESULTS FIELD OF THE OEE A3 SHEET ....covviiiiiiiiiiiiiciiic e 221
FIGURE 204 - EXAMPLE OF DATABASE CREATED BY THE DSI DEPARTMENT IN THE EXCEL .........cccceeene. 223

FIGURE 205 - IMPROVED MEASURE FIELD OF A MOD DEVIATION A3 AND MACROS TO UPDATE DATA AND
CALCULATE THE KPI ceiiiiiiiiiiiiieccii ettt 224

FIGURE 206 — DISTRIBUTION OF THE A3 SHEETS OF THE DIFFERENT KPIS AND FOR THE DIFFERENT LEVELS
OF RESPONSIBILITY Lertiiiiiieeiitiee ettt sttt s s seibae e s snae e e s sibeeesaes 224

FIGURE 207 — A3 SHEET’S STRATIFICATION FOR THE MOD DEVIATION KPI AND RESOLUTION VIEW OF THE
MAIN FIELDS ..o enae e 225

FIGURE 208 - MEASURE (ABOVE) AND ANALYSE (BELOW) FIELDS OF THE MOD DEVIATION A3 SHEET
MANAGED BY THE PLANT MANAGER .....cuoiiiiiiicc e 226

FIGURE 209 - MEASURE (ABOVE) AND ANALYSE (BELOW) FIELDS OF A MOD DEVIATION A3 SHEET OF THE
PRODUCTION DIRECTOR 2 ...ttt ittt sttt st e e s s ine e s 227

XXIH

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



FIGURES INDEX

FIGURE 210 - MEASURE (ABOVE) AND ANALYSE (BELOW) FIELDS OF A MOD DEVIATION A3 SHEET OF THE
F3 LM SUBMODULE .....ooiiiiiiiiiiic e 228

FIGURE 211 - A3 SHEET’S STRATIFICATION FOR THE OEE KPI AND RESOLUTION VIEW OF THE MAIN FIELDS

........................................................................................................................................................ 228
FIGURE 212 - DOCUMENT "HOUSE OF A3" OF THE OEE KPI ..c.cooiiiiiiiiiiiiiiiceeeee e 229
FIGURE 213 - EXAMPLE OF ACTION INFORMATION VIEW ON KANBOARD..........ccoviviiiiiiiiiiciiicciece 230
FIGURE 214 - ADAPTED IMPROVEMENT ACTIONS BOARD OF THE A3 SHEET.......cccvvviiiiiiiiiiiiiicci 231

FIGURE 215 - A3 SHEET’S STRATIFICATION FOR THE SCRAP KPI AND RESOLUTION VIEW OF THE MAIN
FIELDS .o 232

FIGURE 216 — MEASURE FIELD WITH EVOLUTION OF SCRAP COST (ABOVE) AND QUANTITY (BELOW)..232

FIGURE 217 - ANALYSIS FIELD WITH THE PARETO OF SCRAP COST (ABOVE) AND SCRAP QUANTITY (BELOW)

FIGURE 218 — CHECK RESULTS FIELD WITH THE EVOLUTION OF SCRAP COST (ABOVE) AND SCRAP
QUANTITY (BELOW) FOR THE F4 INJ SUBMODULE .......cocoiiiiiiiiiiiiiiiececeenece e 233

FIGURE 219 - ANALYSIS FIELD OF THE TOP REFERENCES OF SCRAP QUANTITY AND COST FOR A SPECIFIC
SUBMODULE (A3 TEAM MEMBER) ..ccuvteitiiteiieetiesteete ettt st sttt ettt et esae et e b ebe e e sneesneas 234

FIGURE 220 - A3 SHEET’'S STRATIFICATION FOR THE AVAILABILITY KPI AND RESOLUTION VIEW OF THE
IMIAIN FIELDS ..t e e e s s ran et e s e s abe e e e e e e s e nnnnes 236

FIGURE 221 - EVOLUTION OF THE GLOBAL PERCENTAGE OF AVAILABILITY (A3 PLANT MANAGER) ....... 236

FIGURE 222 - ANALYSIS FIELD OF THE PLANT MANAGER AVAILABILITY A3 SHEET ....coovviiiiiiiiiiiiiiics 237
FIGURE 223 - CHECK RESULTS FIELD OF THE PLANT MANAGER AVAILABILITY A3 SHEET ....coccvvvviiriiinns 237
FIGURE 224 - ANALYSIS FIELD OF A SPECIFIC SUBMODULE AVAILABILITY A3 SHEET ....ccccvvviviiiiiiiiiiins 238
FIGURE 225 - CHECK RESULTS FIELD OF A SPECIFIC SUBMODULE AVAILABILITY A3 SHEET .......ccoocvieenns 238
FIGURE 226 - ANALYSIS FIELD OF A SPECIFIC MACHINE AVAILABILITY A3 SHEET ...oviiiiiiiiiiiiiiciiiccs 239

XXIV

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



TABLES INDEX XXV

TABLES INDEX

TABLE 1 — DIFFERENT PRODUCTION SYSTEMS ADOPTED IN THE AUTOMOTIVE INDUSTRY [4].........c....... 42
TABLE 2 - THREE MAIN STAGES OF THE AUTOMOTIVE INDUSTRY EVOLUTION IN PORTUGAL [6] ............ 43

TABLE 3 - PERCENTAGE OF AUTOMOTIVE INDUSTRY CONTRIBUTION FOR GDP AND EMPLOYMENT FOR

MAJOR ECONOMIES [10] ..o eeeeeseeesee s esee s sese s es s s eseeessessse s s s s sneene 46
TABLE 4 — TYPE OF SUPPLIERS DIVISION [20] .....covveveoeeeeeeoeeeseesssesseesssesssesssesssesssssesessssssssssssssssssssnssssssens 48
TABLE 5 — DIFFERENT STRATEGIES IMPLEMENTED BY SUPPLIERS [17]....vvoveovereeeeeeeeseessesseeeneeseeennenn. 49
TABLE 6 — SAFETY REQUIREMENTS FOR THE AUTOMOTIVE INDUSTRY ..o, 52

TABLE 7 - ADVANTAGES AND DISADVANTAGES OF LABOR-INTENSIVE MODEL VERSUS THE CAPITAL-
INTENSIVE MODEL [37] 1. itteeitteitteett ettt sttt et ettt et e st eabe e st e e e neesabeeenneesanee 54

TABLE 8 - REASONS FOR COMPANIES INCREASE THE LEVEL OF AUTOMATION [40] ..ccovveviieiiiiiiieniieienns 55

TABLE 9 - MAIN DIFFERENCES BETWEEN FIXED AUTOMATION, PROGRAMMABLE AUTOMATION AND

FLEXIBLE AUTOMATION (ADAPTED FROM [40]) ...eoeviiiiiiiiiieiiieniiiiiniteiieeeeete st 56
TABLE 10 - KEY CONTRIBUTIONS OF QUALITY LEADERS [45] ...coouiiiiiiiiiiciinieecicice e 58
TABLE 11 - KEY ASPECTS OF A BRAINSTORMING SESSION [49]....ciiuiiiiiiiiiiiiiiiieree et 63
TABLE 12 - MAIN ADVANTAGES AND DISADVANTAGES OF SWOT ANALYSIS [51] ..covierienieiiieiieieeieeiens 64
TABLE 13 — DESCRIPTION OF THE HOUSE OF TPS COMPONENTS [48]...c..eectieiiriirienieneenieeieereeee e 67
TABLE 14 — TPS PRINCIPLES [57]ueetiiiiiiitiiteietetee sttt st s 67
TABLE 15 — BASIC PRINCIPLES OF LEAN [A8] ....ecuviieiiiiiiitiiiteiiete ettt s 68
TABLE 16 - THE THREE IMI'S [57] ..ttt s s 69
TABLE 17 - EIGHT TYPES OF WASTE [57, 58] ..ecutiiiiiieiiienitesit ettt st 69
TABLE 18 - DESCRIPTION OF DIFFERENT 55 [B6] ....cuviiiiiiieiieiiiieeiieeieesteere et 73
TABLE 19 - FIVE KEY ELEMENTS OF KAIZEN [B8].....ccuviiieriieniieiieeieieeeteesteee e st nneens 74
TABLE 20 - LOSS CATEGORIES OF OEE [70]...uuiiiiiiiiiiiiiiiicii it 74
TABLE 21 - DESCRIPTION OF OEE PARAMETERS [73] ...viiiiiiiiiiiiii i 75
TABLE 22 - SEVEN ELEMENTS OF A3 THINKING [78] ..c.eoiiiiiiiiiiiiiiiiiiciiciic i 77
TABLE 23 - DIFFERENT TECHNIQUES FOR TIME MEASUREMENT [81] ..c.vveiieiiriereeneeneerieeieere e 79
TABLE 24 - COMPARISON BETWEEN DIFFERENT TECHNIQUES OF TIME MEASUREMENT [83] ......ccc0cveee 80
TABLE 25 - DIFFERENT TIMES ASSOCIATED TO TIME MEASUREMENT TECHNIQUES.........cccocvvviiiiniiinnnen. 80

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



TABLES INDEX

TABLE 26 - DIFFERENT METRICS OF SIX SIGMA [50].....ccciiiiiiiiiiiiiiiiiie s 84
TABLE 27 - DESCRIPTION OF DMAIC STAGES [50, 90] ...c.viiiiiiiiiiiiiiiiiiicnit e 84
TABLE 28 - TEAMS DEFINED FOR THE DEVELOPMENT OF PRODUCTIVITY IMPROVEMENT PLAN ............. 96
TABLE 29 - DIFFERENT HANDBRAKE CABLES PRODUCED IN THE ASSEMBLY LINE ‘PSA TRAVAO'.............. 99
TABLE 30 — COMPONENTS SUPPLIED TO THE ASSEMBLY LINE ‘PSA TRAVAOQ' .....cocveueueiriiininceeieineeenenenns 102

TABLE 31 — TIME MEASUREMENT FOR THE DIFFERENT OPERATIONS CARRIED OUT IN THE DIFFERENT
WORKING CENTERS OF ‘PSA TRAVAQ’ (BEFORE)......cvueuirieeerieeeiniseinesisessssssssssssssssssssssnssesssnssesnes 111

TABLE 32 - CALCULATION OF TAKT TIME ACCORDING TO 2018 VOLUMES. ........ccciiviiiiiiiiiiiiiciiecn, 112

TIMIE <o bbb 113
TABLE 34 - LINE BALANCE EFFICIENCY (BEFORE).....ccutittatiitieiieiieectenttete sttt st 114
TABLE 35 — IMPROVEMENTS/WASTES IDENTIFIED ON THE WORKSTATION 100A/100B ........ccccoveverunees 115
TABLE 36 - IMPROVEMENTS/WASTES IDENTIFIED IN THE WORKSTATION 101 ....ccenieiiiiricieririenerennenes 115
TABLE 37 - IMPROVEMENTS/WASTES IDENTIFIED IN THE WORKSTATION 102.....ccveveierieieririeierennenes 116
TABLE 38 - IMPROVEMENTS/WASTES IDENTIFIED IN THE WORKSTATION 103 AND 104......cccoeverennennns 116
TABLE 39 - BIG EXTERIOR TUBES REFERENCE ACCORDING TO THE FINAL PRODUCT REFERENCE........... 126

TABLE 40 - CALCULATION OF THE NUMBER OF BIG EXTERIOR TUBE BOXES ASSOCIATED WITH THE
MINIMUM AND MAXIMUM STOCK ....ccoiiiiiiiiiiiiiiiiiic i 127

TABLE 41 — SMALL EXTERIOR TUBES REFERENCE ACCORDING TO THE FINAL PRODUCT REFERENCE.....128

TABLE 42 - CALCULATION OF THE NUMBER OF SMALL EXTERIOR TUBE BOXES ASSOCIATED WITH THE
MINIMUM AND MAXIMUM STOCK .....ooiiiiiiiiiiiiiiiiiiiiciii e 129

TABLE 43 - SMALL INTERIOR TUBES REFERENCE ACCORDING TO THE FINAL PRODUCT REFERENCE ...... 132

TABLE 44 - CALCULATION OF THE NUMBER OF SMALLER INTERIOR TUBE BOXES ASSOCIATED WITH THE
MINIMUM AND MAXIMUM STOCK ....ccoiiiiiiiiiiiiiiiiiiin it 132

TABLE 45 - TIME MEASUREMENT FOR THE DIFFERENT OPERATIONS PERFORMED IN THE DIFFERENT
WORKING CENTERS OF ‘PSA TRAVAQ’ (AFTER) ....vvvvvetetceieieieeeet ettt 140

TABLE 46 - CYCLE TIMES FOR EACH WORKSTATION AND CORRESPONDING FLUCTUATION TO THE TAKT

TIME (AFTER). .ttt e s s s 141
TABLE 47 — CYCLE TIMES AND FLUCTUATION COMPARISON (BEFORE VS. AFTER)...cccevvireiriienieeieenene 142
TABLE 48 - LINE BALANCE EFFICIENCY (AFTER) w.eeuvteiiitereeieesieene ettt s s 143
TABLE 49 — PRODUCTION PER HOUR (BEFORE VS. AFTER) ....eiiiiiiiniiiiniteiieceeetestee st 145
TABLE 50 - 55 AUDIT (BEFORE VS. AFTER) .utiiiiiiiieieitestisit ettt 146

XXVI

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



TABLES INDEX

TABLE 51 -CYCLE TIMES FOR EACH WORKSTATION AND CORRESPONDING FLUCTUATION TO THE TAKT

TIME (FUTURE) ettt s s 148
TABLE 52 — CYCLE TIMES AND FLUCTUATION COMPARISON (BEFORE VS. AFTER VS. FUTURE).............. 149
TABLE 53 - EVOLUTION OF CYCLE TIME AND PPH.....ooiiiiiiiiiiiiiii 150
TABLE 54 - AMOUNT OF STOCK THROUGH BIG INNER TUBE FLOW ......ocoviiiiiiiiiiiiiicic e, 152
TABLE 55 - QUANTITY OF PSA CABLES PRODUCED FOR A PERIOD OF 90 DAYS.......coociiiiiiiiiiiiiiiicenen, 152

TABLE 56 - CONVERSION FROM METERS TO NUMBER OF CUTS FOR THE CUT BIG INNER TUBE STOCK.153

TABLE 57 - DAYS OF STOCK CALCULATION ...uutiiiiiiiiiccii et 153
TABLE 58 - DAYS OF STOCK COST CALCULATION ...oiuiiiiiiiiiiiiiiiiciciicci e 153
TABLE 59 - CALCULATION OF THE RETAINED VALUE OF STOCK......cccciiiiiiiiiniiiiiciiccc e, 154
TABLE 60 - DATA FOR CALCULATION OF SUPPLY OPERATOR COSTS ...cviiiiiiiiiiiiiciiccie e 154
TABLE 61 - CUT EQUIPMENT COSTS ..ttt 155
TABLE 62 - FUTURE DAILY STOCK COST CALCULATION ...coitiiiiiiiiiiiiiiiiici e 155
TABLE 63 - CALCULATION OF THE RETAINED VALUE OF THE STOCK (FUTURE) ..c.covvvviiiiiiinieicicieiene 155
TABLE 64 - RETAINED VALUE OF STOCK SAVING .......cooiiiiiiiiiiiiiiiicic e 158

OPPORTUNITY ettt e e et e e e e e s e e e e e e e s e s araneeeeese e 158
TABLE 66 - PARAMETERS OF DATA COLLECTION PLAN IMPLEMENTED ......ccocvviiiiiiiiiiiiiciiicccciecc e, 184
TABLE 67 - SEGMENTATION FACTORS OF THE DATA COLLECTION PLAN.....cocttiiiiiieiiiie e 184
TABLE 68 — A 5W2H TECHNIQUE TO DEFINE THE SCRAP PROBLEM ON THE LBT EQUIPMENT ............... 191

TABLE 69 - A 5W2H TECHNIQUE TO DEFINE THE SCRAP PROBLEM ON THE TECNOGIAL 8 EQUIPMENT 193

TABLE 70 -POTENTIAL CAUSES FOR SCRAP PRODUCTION ON THE ADJUSTMENT PROCESS AND RESPECTIVE
IMPROVEMENT ACTIONS DEFINED (LBT)..cutertitertiriiniteieienieste sttt sttt e 195

TABLE 71 - POTENTIAL CAUSES FOR SCRAP PRODUCTION ON THE ADJUSTMENT PROCESS AND RESPECTIVE
IMPROVEMENT ACTIONS DEFINED (TECNOGIAL 8) ....ceeuiiiiiiiiiiieiiiieeiieieeeie s 196

TABLE 72 - POTENTIAL CAUSES FOR SCRAP PRODUCTION ON THE ADJUSTMENT PROCESS AND RESPECTIVE

IMPROVEMENT ACTIONS DEFINED (DORCA 1 AND 6)....ceuviiiiiriiniiniieiieieicie st 196
TABLE 73 — DESCRIPTION OF THE DIFFERENT STAGES OF THE SIX-SIGMA PROJECT.....cccccovvvviviiiniiiinnnn, 206
TABLE 74 - FUTURE IMPROVEMENT ACTIONS DEFINED .....ccoiiiiiiiiiiiiiiiiiiii i 207
TABLE 75 -DIFFERENT TYPES OF NON-VALUE-ADDED WORKERS (VNAS) ...ooiiiirieiierenrenee e 212
TABLE 76 — IMPROVEMENT OPPORTUNITIES FOR THE A3 METHODOLOGY IDENTIFIED.......ccccvriiuiennnnn. 222

XXVII

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



TABLES INDEX

TABLE 77 — SOURCE OF DATA FOR THE DIFFERENT KPIS.....coiiiiiiiiiiiiiicecc e 223
TABLE 78 — DIFFERENT STOPPAGE CAUSES CODES USED IN FICO CABLES.......cccooviiiiiiiiiiiicic, 235

TABLE 79 - DIFFERENT STOPPAGE MOTIVES CODES FOR THE CAUSE Z.115.FALTA DE MATERIAL USED IN
FICO CABLES ...ttt s et e s e s e b e e e s b e e e e sab e e e s e nre e e snnees 235

TABLE 80 - SUMMARY OF THE DEFINED GOALS AND RESPECTIVE IMPLEMENTED ACTIONS FOR THE
IMPROVEMENT OF ‘PSA TRAVAQO’ ASSEMBLY LINE CASE STUDY ...coveviiiririieieieieinisesesseeeieseseesens 243

TABLE 81 - SUMMARIZATION OF THE DEFINED GOALS AND RESPECTIVE IMPLEMENTED ACTIONS FOR THE
DIMINUTION OF SCRAP PRODUCED CASE STUDY .....oiiiiiiiiiiiiciiici e 244

TABLE 82 - SUMMARIZATION OF THE DEFINED GOALS AND RESPECTIVE IMPLEMENTED ACTIONS FOR THE
A3 METHODOLOGY CASE STUDY ...ttt 245

XXVII

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



INDEX XXIX

INDEX

1 INTRODUCTION 35
1.1 ConteXtUaliZation ........ccceevveeeiiiiiiiiinnnnnniiiiiiissnseesisississseesssissssssssssssssssssssssesssssssssssnssessssssss 35
0 Y- L3 36
1.3 The methodology used in the DisSertation ........ccccceeeeiiiiiiiiiiiiiiiiii e e e 37
1.4 Dissertation StruCtUre......cccciiiiiiiiiiiii e 38
BT & o T3 o 4 T 1= 36
2  LITERATURE REVIEW 41
2.1 AULOMOTIVE INAUSEIY..... it rreereeseee s reeeenssssseesssesnnssssssssssssnnssssssssssssnnnssssssssssnnnnns 41
2.1.1 History of the Automotive Industry 41
2.1.2 Economic indicators of the automotive industry 44
2.1.3  The industry of components for the automotive area 47
2.1.4  Main requirements of the automotive industry 50
2.1.5  Automation of components production for the automotive industry 53
2.2 Production management in the automotive industry ..........ccoorirrreciiiiiiiiiccrcccre e 57
2.2.1 Quality management in the automotive industry 57
2.2.2  The Lean Thinking Concept 66
2.2.3  Tools for production management 70
2.2.4 A3 Thinking 76
2.2.5  Assembly Line Balancing 79
e T 1G] -4 - T 82
2.3.1 History of Six Sigma 82
2.3.2  Six Sigma Methodology 83
2.3.3 Six Sigma metrics 83
2.3.4  DMAICcycle 84

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY



INDEX

3  CASE STUDY DEVELOPMENT 91
3.1 Specific goals Of thisS WOKK.......cccoeiiriiicccccccrrrcsrr s s ssssssssssnnnes 91
3.2 Characterization of the hoSt COMPANY .......ccccciiiiiiiiiiiiiirrrrrrrrrrsrrs s sssssssssssnes 92
3.2.1 The group FICOSA (FICOSA International, S. A.) 92
3.2.2 Fico Cables, Lda. 93
3.3 CaSe STUAY NO. L...ceueeeeieiiiiniissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 94
3.3.1  Characterization of the problem 94
3.3.2 Requirements to observe 96
3.3.3  Methodology of implementation 98
3.3.4  The case of the assembly line ‘PSA Travao’ 99
3.3.5  Critical analysis of results 139
3.36 Future improvements 147
3.4 Case StUAY NO. 2....ceeeeiiiiiiiieieeeiciiiireeneeeseesreeesnsssssssssssesnnssssssssssesnnssssssssssssnnnsssssssssssnnnnssssssssnes 159
3.4.1  Characterization of the problem 159
3.4.2  Selection of ideas 159
3.4.3  Methodology of implementation 160
3.4.4  Critical analysis of results 204
3.45 Future improvements 207
3.5 Case StUAY NO. 3...ceeeciiiiiiceiiccerrrrerreesssees e e eennnssssssssseesnnssssssssesennnnsssssssseesnnnsssssssseesnnnnssssssnnnes 208
3.5.1 Characterization of the problem 208
3.5.2 Requirements to comply 210
353 Previous situation 214
3.54 Improvement opportunities 221
3.5.5 Implementation of improvements 222
3.5.6  Critical analysis of results 239
4 CONCLUSIONS AND PROPOSALS OF FUTURE WORKS 243
4.1 CONCLUSIONS .....ccooiiiernneeeieiiissssnnseessssssssssnssesssssssssssnssesssssssssssnssssssssssssssnnsessssssssssnnssssssssssssnns 243
41.1 Project gains 243

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY

XXX



INDEX XXXI

4.1.2 Company gains 246

4.1.3  Personal skills and achievements 246
4.2 PROPOSALS OF FUTURE WORKS .....ccoievuiiiiinntiiinnieiiisnneiiisseesisssessssssesssssssesssssseessssssessssssseses 247
5 REFERENCES AND OTHER SOURCES OF INFORMATION 251
6  ANNEXES 259
6.1 ANNEX 1 - Flow chart of operations of the ‘PSA Travao’ assembly line .........cccceeeviiiiiiiiiisinnnns 260
6.2 ANNEX 2 — Standard 4S developed for ‘PSA Travdo’ assembly line ........cccceeevveriiciiiiiseiicccccccnnn, 261
6.3 ANNEX 3 — A3 documents of MOD deviation KPI ............cccveiiiieeiiiiseeniisieeniinneenisneeesssneeennnns 263
6.4 ANNEX 4 — A3 documents of OEE KPl.........ccccoveieriiiiieeiiiineeniinsieniineesissesssssssesssssseessssssesssnns 267
6.5 ANNEX 5 — A3 documents Of SCrap KPI ........cooovvvriiiiiiiiniinninnnssississsssssssssssssssssssssssssssssssssssssssssnes 271
6.6 ANNEX 6 — A3 documents of Availability KPI ........ccccoevviiiiriininninnnnnnininnnnsssssssssssssssnes 275

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY






INTRODUCTION

1.1 Contextualization

1.2 Host company

1.3 Goals

1.4 The methodology used in the Dissertation

1.5 Dissertation structure







INTRODUCTION

1 INTRODUCTION

1.1 Contextualization

The production of components for the automotive industry has been a key pillar for the
Portuguese metal mechanical industry, with the low salaries and the crescent automatization of
processes allowing the sector to gradually grown and to be competitive in the European
panorama. This grown has been expressed with the increasing volume of exports and with the
global recognition of the Portuguese automotive industry as an important player in the
international context. However, with the geographical limitations such as the distances for the
main assembly factories of the Original Equipment Manufacturers (OEM), the fulfillment of the
customer deadlines and the quality requirements has been assuming a strong importance in
order to keep the competitiveness of the national automotive industry.

Although the Portuguese automotive industry has been seeing a gradual transition for a capital-
intensive model with the rising of mechanization and automatization of processes and
equipment, promoted by the emergence of countries producers of components for the
automotive industry with lower labor costs, it is still a reality the presence of an essentially
labour-intensive model, with an installed politic of low salaries practised by the different
Portuguese companies in order to keep a low internal cost of the products and the international
competitiveness of the sector.

Fico Cables is a company of the group FICOSA, established on Maia, and a producer of
components for the automotive industry, that follows a labor-intensive model. In this type of
companies, the assurance of final product quality as well as the continuous elimination of
inefficiencies assume a higher importance in order to have production costs as minimal as
possible without compromising the quality.

In a company as Fico Cables, with a high number of workers distributed by several assembly lines
and different manufacturing technologies, the optimization of the available resources
(materials, equipment, people, etc.) assumes a key importance to keep production costs low, to
meet the quality requirements standards and the customer’s deadline.

In this work were applied different production management tools for two different case studies,
inserted in different contexts, and with the aim of reducing inefficiencies and optimizing the
available resources in order to produce the higher number of products with the maximum
quality possible. Also, it was developed and improved a methodology to follow the information
associated with the main production and quality related KPIs and to allow to focus efforts and
resources on the most critical situations.
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1.2 Host company

The present dissertation was developed in the ambit of the Master’s in Mechanical Engineering,

specialization on Industrial Management, at the ISEP — School of Engineering, Polytechnic of

Porto. This work was fulfilled in the context of an internship carried out at the Fico Cables

company, located in Maia, between December of 2017 and July of 2018, and under the Main

Supervision of Prof. Francisco J. G. Silva and Co-Supervision of Ing. Jodo Bastos, at ISEP, and Ing.

Horst Mattausch and Ing. Francisco Ferreira, at Fico Cables.

1.3 Goals

The present work addresses three different case studies, each one with different goals. For the

first one, the case of a productivity improvement project for a specific assembly line, the main

goals are described below:

Analyse the previous status of the assembly line, with the measurement of the different
operations performed, visualization of the previous assembly line balancing and
calculation of the possible output;

Critical analysis of the results and identification of justified improvement opportunities;
Create conditions and follow the implementation of the defined improvement
opportunities;

Verify the success of the improvement actions implemented,;

Identify possible future opportunities for the second stage of improvement.

In a second case study, related to the reduction of the quantity of scrap produced, it was possible

to define the following targets:

Identify and understand the causes, and the equipment associated, for the excessive
scrap production on the most critical module;

Discuss, with workers and maintenance teams, possible improvements and
modifications that could be realized on the most critical equipment;

Follow the implementation, verify and control the result of the improvement actions
implemented.

A third case study could be seen as a way to consolidate the work developed in the previous two

case studies, with the improvement of a previous defined A3 methodology to monitor the most

important KPIs. The defined goals are described below:

Identification of the fundamental KPIs related to the production management of Fico
Cables and to apply/improve the A3 methodology associated,;

Improvement of the level of automatization of the respective documents related to the
data collection process;
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e Interconnect the different A3 documents, in order to allow the user to easily switch
between them.

1.4 The methodology used in the Dissertation

The initial steps for the elaboration of the present work are similar for the different case studies
approached:

e Study of the state of art referred to the problems analyzed;
e Study and visualization, on gemba, of the real situation in order to have a better
perception of the different processes and respective problems;

For the case study of the productivity improvement project for a specific assembly line, the
methodology used traced the following path:

e Observation of the different activities on the assembly line in order to better understand
the detected problems;

e Time measurement of the different activities;

e Observation of the previous assembly line balancing;

e Observation and identification of wastes existent on the assembly line;

e Collection and discussion of possible improvement actions in order to reduce these
wastes;

e Implementation of the defined improvement actions;

e Time measurement after the implementation of the defined improvement actions;

e Observation of the new assembly line balancing and validation of the implemented
improvement actions.

On the other hand, for the case study approaching the reduction of the quantity of scrap
produced, the methodology used assumed the following steps:

e Observation and identification of the major source for the scrap production;

e Observation of the processes associated with the respective source;

e |dentification of the possible variables associated with the scrap production along the
corresponding processes;

e Identification and analysis of possible causes for the scrap production;

e Discussion of possible improvements and modifications to equipment and procedures;

e Validation of the effectiveness and results obtained after the implementation of the
defined improvement actions.

The final steps of the methodology used in this dissertation relate to an improvement of the
previous A3 methodology to monitoring the different production KPIs and could be described
as:
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e Observation the of existent documentation related to KPIs production monitoring;

e Define other relevant KPIs to apply the same A3 methodology;

e Search for ways to increase the automatization of the data collection process by the
user;

e Determine the relevant information to be presented on each A3 document;

e Interconnect the different A3 documents between them.

This methodology ends with the writing of the present dissertation.

1.5 Dissertation structure

This work was based on two parts: an initial Bibliographic Review, which purpose is to provide a
framework for the reader on the topics covered in this dissertation, which required a review of
published technical and scientific developments on the subject in question, and, finally, the
Development of practical work, where the work done on the ground, the problems felt, the
results obtained, suggestions for future improvements and conclusions are addressed and
explained.
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2 LITERATURE REVIEW

2.1 Automotive Industry

2.1.1 History of the Automotive Industry

The automobile is the center of mobility of people and goods and the automotive industry is
one of the most important industrial activities worldwide, with a key role in countries’
economies. Itis the real “industry of industries” and it is the convergent point of the most varied
industrial sectors [1].

2.1.1.1 The global context of the Automotive Industry

Some of the biggest changes of the industry development are reflected in the history of the
automotive industry, from manufacture to mass production, and, most recently, the Lean
Production, where management practices like Total Quality Management (TQM) were applied
and developed [2].

Depending on the different dynamics of regional markets, many manufacturers started to
acquire other corporations as a boost to compete worldwide. The global growth achieved
through mergers and acquisitions led to a more consolidated and rationalized value chain. Also,
the use of strategies like modularization, outsourcing, platform and component sharing allowed
to establish economies of scale and efficiency in assembly, but also to share responsibilities with
suppliers in design, development, and manufacturing [3].

In the timeline shown in Figure 1, it is represented some of the biggest milestones of Automotive
Industry through the years, as well as the evolution of the different production systems from
the craft production period to a modern standardized era [4].

1913
First Automobilie Assembly Line (Ford Motor Company)
1908
Ford Model T
1885
First Automobile
(Benz Patent-Motorcar)

T jii d >

1941 - 1992
Toyota Production Syste

1970
Creation of Airbag 2000
First Smart Technology & Smart Cars

1966

1939 Electronic Fuel Injection

Autematic Transmission (General Motors)

1930
First Hybrid Cars

1900 - 1911 1914 - 1941

Craft Production (TPS

System (TPS ctual Trend- Standa

1989 - 1993
1911 - 1941 Reflective Production System of Volve Uddevalla

orism and Standardization

1885 o 2018

Figure 1 - Key milestones (above) and main production systems (below) of Automotive Industry [4]
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In Table 1 it is described the different production systems that are represented in Figure 1.

Table 1 — Different production systems adopted in the Automotive Industry [4]

Period Production System Description

Production based on hand manufacturing and on worker’s
skills, experience, and knowledge. In order to be applied in

Until 1911 Craft Production different production circumstances, standards (plans,
drawings, measurements, specifications, among others) needs
to be documented.

Aimed to standardize work sequences and tasks within the

1911 Taylorism and production process with the use of standardized machines,
Standardization tools, measurements, among others. The main goal is to
increase production efficiency.
First formalized production system, it combines the Taylorism
1914 Ford’s Mass principles with technological advancement and was developed
Production in the era of mass production. Its key components are
technical and process, work and social standards.
Focus on the reduction of every form of waste (time,
movements or resources). TPS standards provide an
Toyota Production improvement opportunity, .allowing the experie.nce and know-
1941-1992 how of the worker to refine the manufacturing processes,
System (TPS) . . .
letting the constant revision of the standards. This leads to the
creation of a learning environment and a continuous
improvement culture.
Emerged as an alternative to the traditional system of mass
Reflective Production  production and the TPS. It replaces the extensive system of
1989-1993 System of Volvo standards that regulate production processes and resources

Uddevalla for standards, which aim to regulate and control the work
according to the individual skills of the workers and teams.

Current trend:
2002-today Standardized
Production Systems

The majority of car manufacturers production systems are
based on the TPS and on the principles of Lean Thinking.

2.1.1.2 Automotive Industry in Portugal

The evolution of the automotive industry in Portugal can be analyzed through two perspectives:
the political and sectoral policy under the guidance of government and national authorities; and
the strategies of OEM with the support of Foreign Direct Investment (FDI), particularly regarding
the installation of local assembly units. These are the true anchors for the development of the
automotive industry’s components, but they are always conditioned by the international
situation of the country, in this case, the process of integration of Portugal in European Union
[5].
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With just a few decades of history, the automotive industry in Portugal evolved from a dispersed,
unskilled and technologically underdeveloped industry to a very dynamic and competitive sector
from a global perspective [1].

Considering the period before the 1960s as the emerging phase of the automotive industry
development in Portugal as it was when the ruling of free importation of vehicles started, some
failures related to the manual automobile manufacturing, we could establish a period of history
posterior to this phase, marked by three different stages, as shown in Table 2:

Table 2 - Three main stages of the automotive industry evolution in Portugal [6]

Period Description

Completely Knocked Down
(CKD) Mounting Units
(1960 - 1976)

Characterized by a sectorial policy orientation for the replacement of
importation, resulting in the proliferation of inefficient national
assembling units and in the absence of a true industry for components.

Renault Project
(1977 — 1988)

Marked by a sectorial policy of promotion of exportations, that led to
shutting down many national assembling units and to the development
of the Portuguese industry of components boosted by the Renault
Project.

AutoEuropa Project
(1989 — today)

Characterized by a sectorial policy of re-opening of the market and
marked by the launch of AutoEuropa project, that led definitively to the
development of the sector, introducing an “automobile culture” on the

enterprises.

The evolution of these three stages is represented in Figure 2. The development process of
through the
technological, organizational and commercial learning processes induced by “customers”

automobile components industry occurred gradually and cumulatively,

(Foreign Direct Investment) and leveraged by public policies [6].

1980

Renault installs at Setdbal 1981 1991 b

End of Ford/VW joint-venture
Renault starts to product  Launch of AutoEuropa project
automabile components
in Cacia

2002

1979 5 mounting units active
End of the number of

imported vehidles restictions

1996
Shutdown of Renault
mouting unit in Setdbal

1988
Complete liberalization of
automotive market

1960
Portuguese adesion 1963

.
o FFTA Declared a limit of 75 CBU 1974
[Completely Built Units) per year 21 mounting units active

< D!

1986
Portugal adesion
to EEC

1982 - 1988

1960 - 1970 1995 - 2002

Big

v

1960 - 1976

1960

CKD Mounting Units

1977 - 1988 1989 - 2004
Renault Project AutoEuropa Project

2004

Figure 2 - Evolution of the automotive industry history in Portugal [6]
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2.1.2  Economic indicators of the automotive industry

The automotive industry contributes largely to the global economic activity in the country, with
wide upstream and downstream connections to the different sectors. This makes this industry
the best way for countries that aim to develop through industrialization [7].

Although the global financial crisis of 2008, causing an unprecedented market crash, car
production has recovered gradually since the latter half of 2009, due to the direct support of
governments and the boost of demand [8]. Economic indicators as production, sales, value
added to Gross Domestic Product (GDP) and unemployment, allow us to understand the status
of the sector [9].

In the last twenty years, the main global protagonists of the motor vehicle production have
changed. Although Europe was the core manufacturer, with the United States and Japan/Korea
next to it, China assumes now the position of major automobile manufacturer (Figure 3) [10].

35%

30%

25%
20%
15%
10%
“ | 0
. H_ L™ -

2011 2016

g

g

o
=

B Greater China  MEurope M North America Japan/Korea South Asia B South America B Middle East/Africa

Figure 3 - Percentage of share relative to worldwide motor vehicle production [10]

Although the protagonists have changed, the automobile production has continuously increased
(Figure 4), reaching the highest peak ever in 2017, with 73.5 million cars produced worldwide
and, with the increased demand, especially in Asian markets, it is expected that production will
increase by around 11 percent in 2018 [11].

100,0

o IIIIIIII
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735
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Productionin million vehicles

uCars ™ Commercial vehicles

Figure 4 - Worldwide automobile production in millions of vehicles [11]
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Along with the recovery in the automotive industry, it is forecasted that increased demand in
North America and Asia regions will successfully counterbalance with Russia and Brazil, declining
sales and help automobile manufacturers sell over 81 million vehicles in 2018, around 28 million
units more than in the years between 2000 and 2013. The rise of the Asian market, and in
particular China, is visible in Figure 5, with sales almost quadrupling since the last ten years to a
staggering volume of around 25 million vehicles in 2017 [12].
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Figure 5 — Worldwide car sales from 1990 to 2018 (left) [12] and sales of passenger vehicles of selected countries
from 2005 to 2017 (right), in million units [11]

In Portugal, the effects of the economic crisis were stronger, having caused a bigger sales
breakdown, which is only gradually recovering since 2012, reaching the same volume as in the
pre-crisis period. However, ACAP [13] expects that the growth rate will decrease, reflecting
economic and employment dynamics of Portugal. This evolution is presented in Figure 6.

450000

400000

350000

300000
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2001 2003 2005 2007 2009 2011 2013 2015 2017

=== Cars Commercial vehicles Total motor vehicles

Figure 6 - Evolution of car sales volume in Portugal (2000-2017) [13]

The importance of the automotive industry for economies can be measured by the percentage
of contribution of GDP, as well as the employment rate, as shown in Table 3. Globally, this sector
contributes roughly to 3% of all GDP output [14], with this share being even higher in emergent
markets.
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The employment is another important economic indicator. Automotive industry plays a crucial
role in job creation (Figure 7), where car manufacturing has an employment multiplier level of
five to seven, whereas other industries normally have a value of around three. This means that
each direct job induces, at least, five indirect jobs [15].

Core Automotive

- Metals Downstream

Original Equipment

- Fuel Manufacturers (OEM) Finance
- Mining - Commercial Vehicles Insurance
- Plastics Sales & Service

- Passenger Vehicles

- Rubber - Two Wheelers Car Rentals

- Glass - Three Wheelers Fuel Supply
- Electronics Component Manufacturers | Advertising

Transportation & Logistics

Adjacent Industries (R&D, Legal, Support Services, Infrastructure)

Figure 7 - Automotive value chain [16]

In Table 3, it is represented the percentage of contribution of GDP and employment related to
the automotive industry for the major car manufacturing economies.

Table 3 - Percentage of automotive industry contribution for GDP and employment for major economies [10]

Country or region % GDP (2017) % of employment (2017)
United States 3% 4.9%
Europe 4% 5.7%
China 7% 4.9%
India 7.1% 7% to 8%
Japan 13.3% 8.7%
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2.1.3 Theindustry of components for the automotive area

Today’s automotive industry is characterized by a redistribution of responsibilities along the
value chain and with a scope for international markets once closed to international trade and
foreign direct investment. It is a highly competitive industry, clearly global, but subject to
different dynamics of the regional markets that lead to different strategies of manufacturers
and suppliers. This competition leads to a saturated market, with an exceeding diversification of
products and that causes a high discrepancy between supply and demand. Strategies for
modularization, outscoring, platform and components share, allow to establish complexed
supply chains along with scale economies and increase communication between OEMs and
suppliers [1].

Throughout OEMs globalization, suppliers have seen their responsibilities increase. From various
factors, that reveal the growing importance and presence of suppliers in the supply chain, one
could highlight these [17]:

e Manufacturers were continuously pressured for model restyling, that led automakers to
start share components and systems among cars and models, through modularization
and standardization;

e OEMs started to focus their attention on designing, assembling and marketing vehicles
and serve the customer, leaving the design, engineering, and manufacture of the
systems and components to their suppliers;

e The increase of supplier’s investment, given their major presence on the production
process;

e A wave of consolidation, with a serious number of joint-ventures and acquisitions
between European and American suppliers;

e Opened a new field of opportunities on emerging markets for smaller suppliers that
were increasingly tapped in local markets.

The capacity of some suppliers to become integrators and system manufacturers, capable of
directly supply assembly lines and performing design and development tasks, is a proof of this
evolution and responsibility transfer, that is represented in Figure 8 [18].

Componentes [ Assemblies

Services

Intorior
Electronical
Telomatica

Modulos / Sistemas

Traditional §

Figure 8 - Evolution of responsibility transfer from manufacturers to suppliers (Adapted from [19])
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This evolution led to a change in the supply chain’s structure that splits from the traditional
organization in 1%, 2" and 3"/4%™ tiers [17]. Suppliers are increasingly characterized and
distinguished by their functions and capabilities rather than by their location in the global supply
chain, giving rise of the division presented in Table 4 [20].

Table 4 — Type of suppliers division [20]

Type of supplier Description
Specialists in a particular process (for example stamping), most of which
Component . " . . .
considered OEMs indirect suppliers, since their customers are other
manufacturers . . . .
suppliers at a higher level in the hierarchy.
Process specialists with additional machining and assembly skills. Usually
Assembler responsible for the design and testing of the component they manufacture,
manufacturers but not for the design of a small module or other components that are a part

of it, being typically indirect suppliers.

Integrates suppliers capable of developing complex design and production
System manufacturers  tasks. They can supply directly to the OEM or indirectly through “system
integrators”.

Suppliers capable of integrating components, sub-assemblies, and systems

System integrators
y 8 into modules, being directly suppliers of the OEMs assembly lines.

With the need to achieve high-efficiency levels, the industry of components has been submitted
to pressures of OEMs and higher-level suppliers to adapt their organization models and
production methodologies. This pressure was felt both at the level of cost and final prices, as
well as at the level of the overall quality of the products, and extended also to subcontractors
[21].

The bigger suppliers, named as Tier 1 suppliers, followed the same tendencies as OEMs,
subcontracting the bottom line suppliers, usually called Tier 2 suppliers. However, Tier 1
suppliers were unwilling to give up of innovation and technological skills for Tier 2 suppliers,
where the pressures placed were focused not only in the capacity to reduce costs, but also in
the response capacity and flexibility, according to the requirements of quality and deadlines
(Figure 9). The final consumer played also an important role, with expectations in a high exigence
level [18].
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Figure 9 - Pressure on components suppliers in the automotive industry (Adapted from [18])

Currently, and in face of this trends, suppliers seek for a new and safer position in the industry
by implementing three alternative strategies that are described in Table 5 [17]:

Table 5 — Different strategies implemented by suppliers [17]

Strategy Description

Selling the company to other suppliers. The attractiveness of small and
Sale of the business medium-sized suppliers leads to their acquisition by large companies as a
way of consolidating their position.

Delivery of components manufactured for manufacturing and assembly and,

The rise in the consequently, for systems manufacture or even for their integration. In this

hierarchy context, production, design, engineering, project management and flexibility
to changes in consumer preferences being key skills.

Integrates a constant demand for product development in materials, project
and manufacturing capacity, involving also the development and

Position consolidation  implementation of a competitive strategy based on time, quality, flexibility,
and cost critical decision. The geographical presence in the major economies
is essential.

The previous tendencies pointed out are common around the world but, simultaneously, they
depend on the specific local and regional markets, both in terms of preferences and purchasing
power of the consumers and in terms of the industry’s capacities and government intervention
or even in purely geographic terms [22].
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2.1.4 Main requirements of the automotive industry

Regarding the legal framework, the automotive industry is highly restrictive, especially in terms
of quality and safety. Standardization promotes cost reduction for suppliers and customers,
increases market transparency, and helps to create and preserve businesses, assuring the proper
level of quality, safety, and respect for the environment of products and services [23].

2.1.4.1 Quality requirements in the automotive industry

The overall quality of a project can be seen in different ways, depending on who evaluates the
quality and how this evaluation is based. However, the bottom line of project quality is always
determined by customers’ requirements (Figure 10) [24].

PROCESS

ISO/TS <] ISO/TS

‘ Requirements

Outputs

Figure 10 - ISO TS process approach [25]

With the aim of achieving the required level for product quality, productivity, competitiveness,
and continuous improvement, manufacturers request that suppliers follow the tight technical
specifications established by quality management standards. The International Automotive Task
Force (IATF) created a normalization model, recognized by the different manufacturers, and
nowadays the industry has its own specifications, with the ISO/TS 16949 standard, based on the
ISO 9001 model, with specific requirements for the automotive industry as the development,
production and after-sales, and based on the non-recognized quality assurance standars, as QS-
9000 (US), VDA 6.1 (Germany), EAQF (France) and AVSQ (lItaly) [25].

The process of creation of this normalization model is represented in Figure 11.
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assurance standards

QS-9000 (US)

VDA 6.1 (Germany)
EAQF (France)
AVSQ (Italy)
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1SO 9001:1994 IATF ——REJRCCIEBLELY & oo orme

*  After-sales

Figure 11 - Process of creation of ISO/TS 19949

This specification identifies the requirements that have to be met by quality systems for
design/development, manufacture, installation and service of any automotive related product.
Competitiveness stands out once more in the automotive market, as it led to the certification of
suppliers becoming a requirement for customers and not optional [26].

In summary, ISO/TS 16949 certification means [27]:

e Improved product and process quality;

e Additional confidence in global procurement;

e Common quality system approach for subcontractor development, allowing
organizations to work together more effectively;

e Reduction of variation and increased efficiency;

e Reduction in second party system audits;

e Reduction in multiple third-party registrations, allowing the release of time and
resources for other quality-related activities and improvement opportunities that bring
added value to the business;

e Common language to improve understanding of quality system requirements,
facilitating the implementation and maintenance of the quality systems.

2.1.4.2 Safety requirements in the automotive industry

Today there is a very high attention to the car safety subject, that is a field in constant evolution,
where the technical requirements for the vehicles are always changing. Safety standards have
seriously decreased the number of accidents, and car manufacturers are trying to gain
competitive advantage with are concerned with this issue, that is used sometimes as a
competitive advantage between brands [28].

Mainly, the safety requirements in the automotive industry could be resumed in road safety,
active and passive safety, the ISO 26202 and other vehicle standards. These requirements are
described in Table 6.
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Table 6 — Safety requirements for the automotive industry

Safety
Requirement

Description

Road safety

Mainly, manufacturers are aiming to reduce the number of accidents through
technologies that actually prevent crash avoidance and also active safety
technologies [29].

Active safety

Type of safety that will help to prevent accidents and it is divided on:

e Travel safety: Steering, brakes, suspension and wheel chassis;
e  Conditional safety: The psychological condition of the driver;
e Perceptual safety: Lighting, visibility of equipment and sound warning;
e  QOperator safety: Driving with no stressful factor.
Examples: Anti-lock Braking System (ABS), Electronic Stability Program (ESP),
Traction Control System (TCS) [28].

Passive safety

Minimization of the consequences after an accident happens. It can be divided
on:

e External safety: Features of the car that will determine the deformation
of the vehicle during a crash;

e Internal security: it is used to mitigate the acceleration and internal
force the passengers will experience during a car crash.

Examples: airbags, safety belts and Fire Protection System Safety (FPS) [28].

ISO 26262

Created to ensure there is a standard that presents the industry standard for
managing risk for electronic vehicle systems [30]. The key aspects of this
standard are [31]:

e Provides a supportive automotive safety lifecycle (management,
development, production, operation, service, deactivation);

e Provides a specific risk-based approach, with the objective of
determining the classes of risks (ASILs - Automotive Safety Integrity
Levels);

e Uses ASILs to specify the security requirements needed to achieve
acceptable residual risk;

e Provides the requirements for confirmatory and validation measures to
ensure that a sufficient level of security is being achieved.

Vehicle standards

The United Nations World Forum for Harmonization of Vehicle Regulation has
put together a few safety standards that the Member States can choose to
follow or not [32]:

e  Frontal and side impact protection in case of a crash at specific speeds;

e  Electronic Stability Control;

e Increased pedestrian protection through softer bumpers and
modification to the front ends of vehicles;

e Having seat-belts and seat-belt anchorage;

e Being equipped with ISOFIX child restraint anchorage points that
secure the restraint directly to the frame of the vehicle.
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2.1.4.3 Environmental requirements in the automotive industry

Because the automotive industry has a lot of environmental impacts, whether it is in terms of
production processes or in terms of the product itself, it is fundamental to improve processes to
make them less harmful to the environment and implement certain enhancements to the
product to make it less pollutive.

Since the process of developing a car or just parts for it is very intricate as it uses numerous
resources and a lot of different technologies there are a lot of threats to some of the main
components of the environment. The introduction of European Union (EU) regulations has
shaped this industry in terms of practices in the area of materials management and help to
combat threats and car manufacturers developed some ways to stop doing such harm to the
environment. This process of environmental management is represented in Figure 12 [33].

EE EEE e

&  Pollution on the water, soil and air;

e End Life Vehicles: ELV 2000/53/ * Improvement in vehicle recovery rates;

®  MNoise pollution; EC ® Increasze the usage of renewable and

® Waste and landfills; recycled materials;

s Damage on the used land; *  Reusability, recyclabitly and # Increase the utilization of used parts;

s Over exploration of materials; recoverability of vehicles: RRR * Reduce the use of hazardous substances
® Disruptions on the ecosystem. 2005/64/EC like lead, mercury, cadmium, and

hexavalent and chromium;
* Reduction of CO2 emission.

Figure 12 — Process of environmental management in the automotive industry [33]

2.1.5 Automation of components production for the automotive industry

Throughout the times the automotive industry has been trying to increase its efficiency using as
fewer resources as possible and making a rational use of them, whether they are energetic,
material or human resources. This type of industry involves high production rates followed by
very high standards of precision that aim to ensure the levels of customer satisfaction are
guaranteed, as well as competitive costs [34].

Currently, manufacturers must be flexible and able to embrace a large product variety to remain
competitive. Indeed, market continuous changes obligate companies to adapt and some
technological progress allows to improve largely the supply chain control, leading to a more
flexible car manufacturing system [35]. This leads to the decision that organizations are currently
facing: chose to replace intensive human labor by capital-intensive approaches, increasing their
use of technologies such as robots and fully automated assembly equipment to replace the
workers [36].
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2.1.5.1 Labour-intensive models versus Capital-intensive models

The existence of capital and the quantity of labor classifies a company according to the model
adopted. A company with an intensive capital model is based on a more automated production
and lower emphasis on the workforce, although poorly automated firms are often considered
to have a labor-intensive model (Figure 13) [37].

Figure 13 - Labour-Intensive versus Capital-Intensive [38, 39]

Several industries have a great tendency to follow the evolution of technology and move from
the labor-intensive to the capital-intensive model and, despite the automotive industry has high
employment rates, it is highly automatized, so it can be considered that it follows a capital-
intensive model, with the continuously seek to automate the production process [36]. This focus
on developing the technological level of assembly lines is crucial to keep being competitive with
non-industrialized countries, with lower production costs due to lower labor costs [35]. The
differences between the two models are resumed in the Table 7.

Table 7 - Advantages and disadvantages of labor-intensive model versus the capital-intensive model [37]

MODEL LABOUR-INTENSIVE CAPITAL-INTENSIVE
Teams, contrarily to machines, can be flexibly used Reduces human error
to respond to variable demands (more precise production)
Advantages It can .provide sp.ecific products and services More perf(.)rmance/velo.city
tailored to different customer needs and capacity of production

The worker can give feedback and contribute with . .
. . . Reduction of cost per unit
ideas for continuous improvement

Relatively expensive in long-term with a higher
cost per unit due to lower levels of productivity

Big initial investment
Relatively inefficient in situations that require high

Disadvantages physical effort

Problems with workers (strike actions) Low flexibility to make
changes in response to a

Risk of inexistence of sufficient skilled labors specific demand
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2.1.5.2 Automatization: dedicated or flexible models?

In an industry as the automotive industry, with such a high number of components needed to
assemble the final product and with the various possible models that are available, there is a
huge need for the development of automation systems capable to increase productivity and
flexibility. Companies apply projects that will increase their level of automation driven by the
following set of reasons described in Table 8 [40]:

Table 8 - Reasons for companies increase the level of automation [40]

Reason Description

. Automating a production system normally increases the production
Increase productivity o . . A
rate. This will imply a higher output of products per unit of time.

. Labor costs can be reduced with the replacement of manual operations
Reduce production costs . . .
to automatized operations where fewer workers will be needed.

Optimize the tasks Boring routine tasks can be improved by being automated.

Increase worker’s safety Supervise rather than perform dangerous tasks for the worker.

. Make the process more uniform and in conformity with the demanded
Improve product quality .
quality standards.

. Help to reduce the time spent between the customer’s order and the
Reduce lead times L . . . .
shipping, leading to a reduction on work-in-process inventory.

There are certain operations that cannot be performed without
Allow processes that cannot . . . L
machines. These are processes that require a lot of precision making it
be performed manually .
difficult to be done manually.

Since automation as a lot of implications like, for example, increasing

. . sales and quality of the products, not having it will be a serious cost of
Avoid non-automation costs . .

opportunity for the company. They will not have an as much

competitive advantage as they could have when facing the industry.

According to Groover [40], there is three types of automation: fixed, programmable and flexible
automation, that are represented in Figure 14.
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Figure 14 - Types of automation relating to quantity and variety of products (Adapted from [40])

These three types of automation depending on the diversity and volume of production. When

there is a need for a large number of products but a reduced variability, the most suitable type

will be fixed or dedicated automation. However, if the diversity between products is high and

the quantities reduced, with automation dedicated to each series, the most viable model is

programmable automation. If we are faced with an intermediate situation, regarding product

variability and production volume, the most recommended model is flexible automation, so it is

possible to have a right adaptation to product changes [41]. The main differences between these

three types of automation are described in Table 9.

Table 9 - Main differences between fixed automation, programmable automation and flexible automation (Adapted

from [40])

Fixed Automation

Programmable
Automation

Flexible Automation

A system where the
sequence of

A system where the
sequence of operations

A system where the
configurations of the

Description operations is fixed by  could be modified by the equipment could be
the configurations of configurations of the modified with no loss of
the equipment. equipment. production time.
High High High
Investment . . . . .
(equipment design) (equipment design) (custom system design)
Flexibility Reduced Average High
Production rates High Average Average

Type of production

Continuous/Flow
(Same products)

Suitable for batch
production

Continuous/Flow
(Different products)
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2.2 Production management in the automotive industry

In order to prevent conflicts between the different disciplines of manufacturing processes —
design, process planning, costing, marketing, customer relations, inventory control, material
handling and so on — it must be considered their interests and compromises must be made
weighing the specific requirements of the problems that are being analyzed.

Through the years, many different methods were developed to improve the manufacturing
cycle, each one aimed to improve a certain aspect of it: lead-time reduction, inventory
reduction, customer satisfaction, among others. This variety makes it difficult for a manager to
decide which method best suits his/her business [42]. In Figure 15 it is represented the historical
evolution of the main production management approaches and its key characteristics.

e Workers were limited to performe tasks according to planned;

Taylor's scientific model e Easier to train and integrate workers;
¢ Domination of unqualified workers.

® Creation of scale economies;

Henry Ford's assembly » Standardization of operations;
lines ¢ Process orientation (push);

e Elimination of some wastes.

e Elimination of any form of waste;
¢ Product quality products at the right time and in the right quantity;

* Envolve people in decisions and to contribute for the continuous
improvement philosophy;

Just-In-Time (JIT)

Figure 15 - Historical evolution of production management [43]

2.2.1 Quality management in the automotive industry

The quality concept has taken a new meaning in the automotive industry, evolving from a simple
statistical scorecard on freedom from defect to a much broader approach, involving the
company and customer’s requirements. This new meaning takes in the basis of performance,
comfort, environmental, suitability, and affordability, but also adds two key points known as
“production quality”, relating to the manufacturer’s ability to continuously perform better, and
“ownership quality”, dealing with customer satisfaction [44].

Two other significant and recent paradigm changes, raising the level and consciousness of
quality and quality in the automotive industry are described in Figure 16.
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Industry's moves to anticipating

Closeness between automakers and

customer requirements

e Left philosophy of just respond to customer

key-suppliers

e Interconnection between both parts in

requirements; design, plans, and quality-improvement
mechanisms;

e Employment of sophisticated methods to

learn about tomorrow's consumers rather e Increased confidence, trust and reliance
than just relying on customer's comments to serve.

develop and improve products.

Figure 16 - Description of two important changes relating to the quality management of automotive industry [44]

Quality management theory has been influenced by the contributions made by quality leaders
(Table 10). Each of them shows both strengths and weaknesses, and none of them offers all the
solutions to a company’s problems. However, some common issues can be observed, as
management leadership, training, employee’s participation, process management, planning and
quality measures for continuous improvement [45].

Table 10 - Key contributions of quality leaders [45]

Quality leader Key contributions

e Top management involvement
Crosby e  Four absolutes of quality (conformity with requirements, prevention,
zero defects, measurement of quality is the price of non-conformity)

, e PDCA
Deming . .
e Continuous improvement
Feigenbaum e Total Quality Management (TQM)
e Cause-Effect diagram
Ishikawa e Quality control all abroad the organization
e Intern client
e Quality trilogy (Planning, Control, Improvement)
Juran e A measure of quality costs

e  Pareto analysis

2.2.1.1 Quality improvement tools

Quality improvement tools are numeric and graphics devices that are used to help individuals
and teams work with, understand, and improve processes. The development of the first quality
improvement tools began with Shewhart and Deming in the 1930s and 1940s, which allowed a
better understanding of processes. In the 1950s, the Japanese began to apply the statistical
quality control tools and thinking taught by Kaoru Ishikawa, that was further expanded.
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In the 1960s were introduced the following seven basic quality control tools [46]:

Cause-and-effect diagram (Ishikawa diagram);
Run chart;

Scatter diagram;

Flow process chart;

Pareto chart;

Histogram;

NouvswWNERE

Control chart.

However, in this work were only applied some of the seven basic tools of quality — Ishikawa
diagram, Pareto chart, and Control chart that will be described further.

2.2.1.1.1 Cause-and-effect diagram (Ishikawa diagram)

The cause-and-effect diagram is also known as Ishikawa, due to his creator, or as “fishbone”
diagram, due to its skeletal appearance. The purpose of the diagram is to promote a brainstorm
and to enable a team to identify and graphically display, in high detail, the root causes of a
specific problem [47].

This type of diagram shows the positive or negative factors that are thought to affect a particular
output in a system. These factors are commonly shown as groupings of related subfactors that
act in concert to cause the overall effect of the group. The diagram helps show the relationship
between the parts (and subparts) to the whole by [46]:

e Determining the factors that cause a positive or negative effect;

e Focusing on a specific issue without distractions and irrelevant discussion;
e Determining the root causes of a given effect;

e |dentifying areas with a lack of data information.

The basic steps involved in the creation of an Ishikawa diagram are identified in Figure 17.

Define the main For each main Use the full
State the effect > —> cause, indicate | diagram to reach
causes
factors/subfactors the root cause

Figure 17 - Methodology to create a cause-and-effect diagram [46]

This type of diagram is typically used during the measurement and analysis phase of a project.
Their wide application area covers Six Sigma, TQM or Continuous Improvement teams as part of
brainstorming exercises with the aim to identify the root causes, rather than symptoms, for a
specific problem [47]. An example of an Ishikawa diagram is shown in Figure 18.
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Figure 18 - Cause-and-effect diagram for lost control of car [44]

2.2.1.1.2 Pareto charts

A Pareto chart (Figure 19) traduces in a graphic representation of the frequency with certain
events occurs. It is a rank-order chart that shows the relative importance of variables in a dataset
and may be used to set priorities for improvement and where to put an initial effort to get the
most gain. The name came after the Italian economist Wilfried Pareto observed that 80% of the
effects — the “useful many” — are caused by 20% of the causes — the “vital few” [46].

100%
[~ 90%
[ 80%
= 70%
[~ 60%
— 50%
— 40%
— 30%
— 20%
— 10%

0%

03 " 01 16 19 02 12 04 05 99

Complaint Codes

Figure 19 - Pareto chart applied to customer complaints [46]

Pareto charts are extremely useful when relating to optimizing efforts and “going for gold”. They
have both advantages of being easy to understand and to apply [47]. The basic steps to prepare
a Pareto chart are represented in Figure 20.

Identify the general Plot the chart with Analyse the graph
problem and its — Data collection ——| causes (x-axis)and —— | and set the priority
causes the measure (y-axis) for improvement

Figure 20 - Methodology to create a Pareto chart [47]
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2.2.1.1.3 Control charts

Control charts are a sophisticated quality improvement tool, englobed on Statistical Process

Control (SPC), and its used to measure process performance and variability. It is the best-known
quality tool, the most useful, and most difficult-to-understand.

The underlying concept of control charts is that processes have statistical variation. This tool

(Figure 21) allows determining if this variation is inherent to process (common causes) or if

something happened that led the process to go “out of control” (special causes).

Control limits are mathematically defined at three standard deviations, upper and lower the

average. Shewhart indicated that 99.73 percent of common cause variation would fall between

these limits. Besides these calculated limits, that are inherent to the process, specification limits

are also present and are based on product or customer requirements [46].

Uppar control limit (UGL) 075

Canterline (X-bar) 0.60 E\ /\ /\ /:
YAV Ve v

Lower control limit (LGL) 045 [============ === oo

T T T T T T
1 2 3 4 5 [ T a8 a9 10

Sample Number

Figure 21 - Control chart [46]

Control charts have been successfully applied in both quality control and improvement.

According to Basu [47], some of the reasons for the success of control charts are that they:

Allow to establish what parameter is controlled;

Focus attention on the process rather than on the product;

Could be real-time fueled;

Comprise a set of prescribed techniques that can be applied by people with appropriate
training in a specific manner;

Prevent organization in trying to fix a process affected only by common causes;
Determine whether the improvements made are having the expected effects.

The basic steps to build a control chart are shown in Figure 22.
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Choose the quality Choose between
characteristicto be | variable or attribute | Define sample size
measured chart
\%

Decide between an Plot the data and

automatic or manual Calculate control .
system of data — limits — esaiallinisond
. interpret results
collection

Figure 22 - Methodology to create a control chart [47]

2.2.1.1.4 5Why’s

The “five whys” is one of the simplest and most used techniques to identify the root causes of a
problem, by consequently asking “why”. With the root cause identified, the aim is to eliminate
its occurrence or minimize its effects. The number of times to ask why depends from problem
to problem, but usually, most of the problems solved before reaching the fifth why [48].

This technique could also be used as a support to more complex tools, give its simplicity,
effectiveness and transversal nature in organizations, making this one the biggest reasons for its
success [47]. Figure 23 represents an example of the application of this technique for a problem
related to the delay in the deliveries of goods to clients.

Why does it happen?

The routing of trucks is not optimised.

@

Why is it not optimised?

Goods are loaded based on their size rather than their destination.

\

Why are they loaded by size?

Computer defines the dispatch based on the principle of "large items first".

@

Why are large items given preference? ‘

Large items are delivery first.

@

But why?

Current prioritisation policy puts large items first on the delivery schedule.

Figure 23 - 5 Why's methodology application example for a problem of delay on deliveries [47]
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2.2.1.1.5 Brainstorming

Brainstorming is a simple tool with the flexibility to be used in every situation. This technique
works better with groups, where everyone should be involved and aligned with the cause that
is being analyzed [49]. It unlocks the creative power of the people included in the session,
through the synergistic effect, stimulating the production of ideas [50]. The key aspects involving
the realization of a brainstorming session are described in Table 11 [49].

Table 11 - Key aspects of a brainstorming session [49]

Key aspect Description
Ambient It should be comfortable, preventing inhibition in the group and stimulating
mbien
the spontaneity, variety, and creativity of ideas.
G It should be varied, so ideas could be richer. Everyone should be aimed at the
rou
P defined goal, allowing the objectify and commitment of the group.
The presence of a conductor it is vital for the objectivity and spontaneity
Conduct during the session, avoiding criticizing the exposed ideas in order to prevent

inhibition of participants.

It could be defined, as represented in the Figure 24, following sequence to realize a brainstorm
session [49]:

Introduction of Creation of Selection of N Priotization of

purpose — ideas — ek — ideas ideas

Figure 24 — Methodology to realize a brainstorm session [49]

2.2.1.1.6 SWOT analysis

A SWOT (strengths, weaknesses, opportunities, and threats) refers to a tool for analyzing an
organization’s competitive position in relation to its competitors. However, this tool could also
be adapted to analyze a project or idea and work as a decision support technique [47].

This analysis is divided between internal factors (weaknesses and strengths) and external factors
(opportunities and threats). Internal factors could be controllable by the organization since this
is the result of strategic actions defined. It refers to the positive or negative aspects of an
organization that could, or not, give a competitive advantage to the main competitors. External
factors could not be controlled by the organization, but its better knowledge could help to seize
opportunities and avoid threats (or minimize their effects) to improve their performance [51].
The structure of this analysis is represented in Figure 25.
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Figure 25 - SWOT analysis structure [52]

The main advantages and limitations of this methodology can be summarized as follows in Table
12:

Table 12 - Main advantages and disadvantages of SWOT analysis [51]

Advantages Disadvantages
L Produces a superficial and imprecise list of
Simplicity
factors
Relies on the subjective perception of each
Wide application member who contributed to the SWOT
development
Helps to get a better knowledge of Lacks factor prioritization regarding the
business importance of each SWOT factor
Helps to set goals for strategic planning Static view (“photography”)

2.2.1.1.7 PDCAcycle

The PDCA cycle, created by Shewhart in the 1930s and popularized by Deming in the 1950s, is a
development cycle with a focus on the continuous improvement and that could be applied for
each process or for the system as a whole, with the aim of preventing stagnation of processes
and reach a state of perfection. It is composed of four major stages: Plan, Do, Check, Act, but
could be divided into sub-stages, as described in Figure 26 [50].

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

64



BIBLIOGRAPHIC WORK

Problem identification

v

i
|
1
i
|
i
|
1
i
|
i
| Observation
|
i
|
i
i
1
i
|
i
|
1
i
|
i

v

Analysis

'

Action plan

l

Action

l

Verification

Padronization
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Conclusion

Clearly define the problem and recognize its
importance

Investigate the problem's specific characteristics
with an ample scope and under different
viewpoints

Discover major causes

Create a plan to prevent the major causes

Block the major causes

Verify if the block was effective

Prevent against the reappearance of the problem

Recapitulate the whole process of solution of the
problem for a future work

Figure 26 - Steps for the application of PDCA cycle (Adapted from [53])

According to Pinto [54], after the implementation phase, it is expected to observe some

fluctuation and instability in the process, but it should not be started a new PDCA cycle without
the implemented improvement being stable. Instead, PDCA could be adapted to the generation
of a standardization cycle (SDCA - Standardize, Do, Check, Act). The SDCA allows the
uniformization of processes and practices, creating a “stable soil” to start a new cycle of

improvement (Figure 27). Summarizing, the SDCA cycle uniformizes and stabilizes the process

while the PDCA cycle incrementally improves it.

Process perfonnance

)

>

Time

Figure 27 - Application of PDCA and SDCA cycles [54]
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2.2.2 The Lean Thinking Concept

Lean Thinking a management philosophy based on TPS, that aims to create value through the
systematic elimination of every type of waste. The concept of waste refers not just to the human
activities that do not add value, but also to all other types of activities and resources that are
used inadequately, leading to bigger costs and time spent, and not contributing to improving
customers satisfaction [55].

2.2.2.1 TPS—Toyota Production System

After the World War I, Eiji Toyota and Taiichi Ohno from Toyota Motor Corporation (TMC)
decided to heavily invest in the automobile production. Fascinated with the results of Ford, Eiji
Toyota was 3 months in Ford to study their production system and concluded that mass
production was not the correct path for Japanese automotive industry since the intern market
was too small and that it was a diversified demand of vehicles. Although, Eiji Toyota concluded
that was possible to improve the current production system, implementing a series of
innovations, and giving rise to the TPS [56].

Fujio Cho, an ex-director of Toyota, structured the “house of TPS” (Figure 28) that has two main
pillars: JIT production and the Jidoka concept. These pillars focus essentially on the elimination
of wastes on the value chain and englobe the main tools and solutions that lead to continuous
improvement of processes and people [57].

Best Guality — Lowest Cost - Shortest
Le=d Time — Eest Safety — High Morale

Just-In-Time Jidoka
Right Part, right {Built-In-Guality)
amount, right time *  Automatic
. Taettime Stops
o ontinos Highly Motivated , fmdon
e Pull System People machine
* Quick separation
Changeowver *  Error proofing
*  Integrated *  Inestation
Lagistics Cuality control
. Sihys

Operational Stability
Leweled Production
Standardized VWork
“Yisual Managem ent
Total Productive Maintenance (TP}
haizen

Figure 28 - House of TPS [57]
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The principles associated with the main components of the “house of TPS” are described in Table
13.

Table 13 — Description of the House of TPS components [48]

House

Principles/Tools Purpose
component

Visual management
Leveled production (Heijjunka)  Principles of stable processes and prepare it to
Standardized work improve their performance.
5S

Foundations

Delivery of products at the right time, in the right

Just in Time (JIT) . ]
place and in the necessary quantity.

pillars Endow equipment with systems capable of
Jidok detecting any defect, stopping the production and

idoka
preventing non-conform production, eliminating

that losses in the root.

The continuous improvement, the motivation, and
Center Highly motivated people involvement of workers, the problem solving and
the continuous elimination of waste.

Get quality products or services, at its lower cost

Roof The final result of the system . .
and according to the customer requirements.

TPS could be summarized in fourteen principles (Table 14), divided into four categories
designated of 4 P: Philosophy (principle 1), Process (principles 2 to 8), People and Partners
(principles 9 to 11) and Problem Solving (principles 12 to 14) [57]:

Table 14 —TPS principles [57]

No. Principle description
1 Base management decision on a long-term philosophy.
2 Create continuous process flow to bring problems to surface.
3 Use pull systems to avoid overproduction.
4 Level out the workload (Heijunka).
5 Build a culture of stopping to fix problems, to get quality right the first time.
6 Standardized tasks allow the continuous improvement and employee empowerment.
7 Use visual control so no problems are hidden.
8 Use only reliable, thoroughly tested technology that serves your people and processes.
9 Leaders who thoroughly understand the work, live the philosophy and teach it to others.
10 Develop exceptional people and teams who follow your company’s philosophy.
11 Respect your extended network of partners by challenging them and helping them improve.
12 Go and see for yourself to thoroughly understand the situation (genchi genbutsu).
13 Make decisions slowly by consensus; Implement decisions rapidly (nemawashi).
1 Become a learning organization through relentless reflection (hansei) and continuous

improvement (Kaizen);
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The TPS is on the basis of Lean Thinking, that was later (the 1990s) called Lean Production or
Lean Manufacturing. Although based on different approaches, both systems have the same
goals with Lean exploring the various concepts of TPS: eliminate wastes, motivate and involve
workers, optimize equipment, reduce costs and improve customers satisfaction [54].

2.2.2.2 Basic principles of Lean

The concepts and principles that allows creating value through the systematic elimination of
every type of waste are seven (although they were five at the beginning), and they are described
in Table 15 [48].

Table 15 — Basic principles of Lean [48]

Principle Description

Know and comprehend all the stakeholders, instead of focusing only on the
Know stakeholders .
final customer.

Define value Identify the needs of the customer and what they are disposed to pay.

Define the value chain Accurately identify and map the entire value stream of the product.

L Find the ideal uninterrupted sequence of steps that create value,
Optimize streams .. . . .
synchronizing elements involved in creating value for all parts.

Implement the pull Let stakeholders pull the processes stream, avoiding companies to push for
system them what they think to be their necessaries.

. ) Commitment to the pursuit of perfection, knowing that interests, needs,
Pursuit for perfection . . .
and expectations of stakeholders are in constant evolution.

. Innovate with the aim of creating new products and services and,
Always innovate
consequently, value for the stakeholders.

2.2.2.3 Concept of waste

The elimination of all forms of waste is a key goal of the Lean philosophy. However, before
eliminating the wastes, organizations need to identify them first, using approaches that have
the same goal: reach a condition where company’s processes, materials, people and
technologies produce, at the right time, the right quantity of product and/or service requested
by the client. The gap between capacity and load represents waste [50].

Toyota managers and employees use the Japanese word muda when refer to waste and
eliminating muda is the focus of most Lean Manufacturing efforts. However, there are other
two other Ms: muri and mura; that are a key factor to make Lean work. This three Ms fit together
as a system and could be described as in Table 16 [57].
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Table 16 - The three M's [57]

M Category

Description

Muda Waste

Different wastes in organizations, that does not add value to the
final product (extra movements, extra inventory, among others).

Overburdening people

Push a person or machine beyond natural limits, that could result

Muri . in safety and quality problems (people) or breakdowns and
or equipment .
defects (machines).
Results from an irregular production schedule or fluctuating
Mura Unevenness production volumes, that traduces in high and lower peaks of

production.

Taiichi Ohno and Shigeo Shingo,

on the development of TPS, has identified seven major types of

non-value-adding waste (According to Liker [57], there is an eighth waste) in business or

manufacturing processes, which are described in Table 17.

Table 17 - Eight types of waste [57, 58]

No. Waste name

Description

1 Overproduction

Producing more than is immediately needed by the next
process in a sequence of operations.

2 Waiting

A time when information, material, people or equipment are
not ready (wait for material to produce, wait for a production
order, wait for the previous operation to complete, wait for a
repair, among others).

3 Transportation

Carrying Work In Process (WIP) for long distances, moving
materials/parts/finished products into or out of storage or
between processes.

4 Over-processing

Produce more than demanded or before it is needed,
consuming capacity. Overproduction is frequently used to
anticipated demands or prevent breakdowns, but instead, it
contributes to all other wastes.

5 Inventory

Excess raw materials, WIP, or finished products that causes
longer lead times, obsolescence, damaged products,
transportation and storage costs, and delay.

6 Motion

All the unnecessary motion that employees have to perform
while performing their work (looking for, reaching for, stacking
parts or tools, walks, among others)

7 Defects/rejects

Production of defective parts, repairs/reworks, replacement
production, and inspection activities mean wasteful time and
effort.

Unused employee
creativity

Losing time, ideas, skills and improvements by not listening to
employees and promote their involvement.
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After being identified these major types of waste, it is necessary to define strategies to promote
their elimination, in order to optimize production. This could be achieved by the application of
some of the Lean Manufacturing tools [59].

2.2.3 Tools for production management

Throughout the development of this work were applied some tools presented in Lean
Manufacturing philosophy, that will be further described in more detail:

e Visual standards;
e Kanban system;
e Standard work;
e 5S;

e Kaizen.

2.2.3.1 Visual standards

Visual standards are a simple and intuitive system, included in the management practices
developed by TPS to make it easier to manage operations and support people and managers in
their activities. Some examples of visual standards are light signals, sonorous signals or
pavement marks [60].

The visual approach suggests to create the working condition where error and the occurrence
of muda can be detected through our eyes, making information available, timely and
understandable, so everyone along the process could be able to manage, improve, control and
correct it [61]. Therefore, visual communication is not addressed just for individual parts, but
for a group, whereas responsibility and knowledge need to be shared. This premise is
represented on the visual management triangle (Figure 29).

Knowing
asa
group

Acting as

a group

Figure 29 - The visual management triangle [61]
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Visual management could also be integrated into more complete tools that communicate
important information of the organization at a glance, helping to convey a relevant and easy to
understand information in context. These tools follow the increasing modernization of the
industry, with data being collected comes from multiple and heterogeneous sources. An
example of these tools is the A3, that will be further explained [62].

2.2.3.2 Kanban system

Kanban (kahn-bahn) refers to the Japanese word that means “visible record” or “visible part”.
Generally, it refers to some kind of signal; thus, in manufacturing, it refers to Kanban cards, carts,
marked floor, among others. It is one of the simplest operations control system, coordinating
the materials and information flow throughout the manufacturing process and according to the
pull system [60]. This system is based on a customer pulling a component from the supplier,
where the customer could be an actual consumer of afinished product (external) or a production
personnel at the next station of the assembly line (internal). The premise of this system is that
the material will not be produced/moved until a customer sends a signal to it. This way, the
Kanban informs the operators of the time to start the production and the quantity to produce,
working in an opposite way of the productive flow. The operating mode of this system is
represented in Figure 30 [63].

Infermation flow (Kanban) Information flow (Kanban)
v v
Work Center 1 Work Center 1 Work Center 1
Material Material
flow flow

Figure 30 - Operating mode of the Kanban system (Adapted from [63])

This is one of the most important and effective tools to reduce overproduction and provides
several benefits, for example [64]:

e Reduced inventories;

e The predictable flow of material;

e Simplified scheduling;

e Visual pull system at the point of production;
e Improved productivity.

This type of system should be one of the last steps in the JIT implementation process, since it
quickly exposes the process inefficiencies, demanding the development of the productive
process itself and good preparation of operations management to solve them [54].
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2.2.3.3 Standard work

According to Ortiz [58], standard work is the best, most efficient, safest and most practical way
to work. The concept is about documenting and standardize all tasks, so that authorized,
standard procedures are always used, on all shifts and by all operators. The aim is that the best
and most reliable methods are defined for all processes, leaving nothing to chance or personal
preference, or if deviations occur, it allows an easier way to identify the root cause. The process
of implementation, the way it applies to the daily work [58] and the benefits of its
implementation [64, 65] and is described in Figure 31.

» Define, document and standardize all processes, procedures and

operations.
IMPLEMENTATION

¢ Standard procedures are always used, on all shifts, by all operators,

leaving nothing to chance or personal preference.
APPLICATION

¢ Increased sustainbility, procedural improvements effectiveness of cross-
training;

® Less downtime due to absenteeism;

BENEFITS e Reduced product variability and training costsraining costs;
¢ Facilitate audits.

Figure 31 — Implementation, application to the daily work and benefits of standard work [58, 64, 65]

Although this methodology is the best approach to manufacturing as it can catapult
organizations towards a world-class status, it is harder to implement as cultures have more
resistance to the implementation of standard work rather than other Kaizen philosophies.
However, with effective training, commitment to achieving results and correct implementation,
standard work clarifies much of the confusion of gemba [58].

2.2.34 58

The 5S methodology is a set of five basic principles that constitute the initial stage of a
continuous improvement process. These five principles (described on the Table 18) must be
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transversal to the entire organization and must be part of the culture of all workers, with
everyone responsible to adopt them on daily behaviors and work [43].

The main benefits of the implementation of 5S principles are [64]:

e Employee ownership of the workplace;
e Improved maintenance;

e Improved moral;

e Improved productivity;

e Improved safety;

e Improved transparency.

Table 18 - Description of different 55 [66]

S Key-word Description
Seiri Sort Removing what is not needed and clearing the workplace.
Seiton Set to order Preparn'wg the necessary items, neatly and. s'ystematlcally, so that they
can easily be taken and returned to the original place.
Seiso Shine Clean regularly equipment and workplace, identifying irregularities.
Seiketsu Standardize Documenting and standardize the method, using standard procedures
that are clear and easy to understand.
Shitsuke Sustain Continuously maintaining established procedures, auditing work

procedures, making 5S a habit and integrating into a culture.

2.2.3.5 Kaizen / Continuous Improvement

Kaizen is a Japanese term that means gradual unending improvement, obtained through
constant little enhancements and by selecting and accomplishing progressively more developed
standards [46]. Normally, this tool incentivizes the intervention of all levels of the hierarchy of
the organization, from the top management to the smaller operator, allowing an optimization
of the pull system and a reduction of waste [67].

These small incremental steps are called Kaizen events and are applied in a specific area in a
short period of time. These events do not need to necessarily lead to a major improvement, but
they are extremely important to identify problems in the organization that sometimes might not
be immediately observable [48]. These Kaizen events are created bearing in mind five important
elements described in Table 19 [68].

Thus, a Kaizen event could possibly be for example a weekly meeting with the team from a
certain department in order to access all the performance problems they are facing and possible
small improvements to try to avoid them. This will allow them to freely express their concerns
and previous experience enriching everyone’s knowledge [42].
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Table 19 - Five key elements of Kaizen [68]

Kaizen elements Description

Circles of quality Group meetings to discuss quality levels in all the organization’s aspects.

Improved morale Crucial to reach high levels of efficiency and productivity.

Teamwork Everyone works as a team instead of competing.

Ensuring auto discipline in each individual will improve overall team

Auto discipline
performance.

Asking for feedback from each member will guarantee all possible

Improvement suggestions
P g8 problems are addressed.

2.2.3.6 OEE (Overall Equipment Effectiveness)

OEE is an indicator that is used the measure the global efficiency of a specific equipment or
process. It covers equipment’s responsibility, the influence of labor and the produced defects.
The OEE groups the six sources of losses with greater impact on the production process and
categorizes them into three major parameters, as shown in Table 20 [69].

Table 20 - Loss categories of OEE [70]

OEE category Type of loss Loss source

e Equipment breakdown, non-programmed

Equipment stoppages .
quip ppag maintenance

Availability (Av)

Setups e Change of reference

e  Obstructed productive flow
Micro stoppages e Variations on products characteristics

e (leaning needs
Performance (Pf)

e Equipment wear

Low operational velocity e  Operator inefficiency
e  Rework
e Scrap

Start-up rejections
Quality (Q)

Rework
Scrap during setups

Production rejections

Same as start-up rejections

In order to determine the percentages of availability, performance, and quality, it is necessary
to know how the total work time affects their inherent losses. This relation is expressed in Figure
32 [71].
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TOTAL TIME
(for example: one shift, eight hours)
AVAILABLE TIME P"t’g'ammed
(ex: 7:30 h) s oppagt.es
(ex: 30 min)
OPERATION TIME Availability losses
(ex: 7:00 h) (ex: 30 min)
PRODUCTION TIME Performance losses
(ex: 6:45 h) (ex: 15 min)

EFFECTIVE TIME OF PRODUCTION Quality losses
(ex: 6:40h) (ex: 5 min)

Figure 32 - Impact of time losses in production time (Adapted from [72])

The mean and the way to calculate these three parameters are described in Table 21. The OEE

calculation is based on the multiplication of all these three parameters:

OEE = Availability X Performance X Quality (1)

Table 21 - Description of OEE parameters [73]

OEE Parameter Description/Formula

Reflects the time that the equipment was operating. Improving this parameter
allows to reducing preventive stocks created to cover production stoppages.

Availability (Av)

Availability = Operation Time
vatantty = Available Time

Reflects the number of products that were supposed to be produced versus the
real quantity produced. The implementation of improvements to reduce or
eliminate micro stoppages and increasing the operation velocity of the

. I . . ity
Performance (Pf) equipment allow an increased production capacity

Production Time _ Cycle Time x Quantity Producted

Performance = - - = - -
f Operation Time Operation Time

Reflects the percentage of conforming units versus the overall production.

Quality (Q) . Quantity Produced — Reworks — NOK Units
Quality =

Quantity Produced

Considering all these metrics, the OEE should be around 85% or even higher. However, other
possible factors should be taken into account, as the degree of production automation [74]. This

indicator is of high importance to companies in terms of the search for improvement
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opportunities. However, its main objective is not to provide a performance indicator, but an
indicator to know where resources should be spent on improvement in the system.
Furthermore, this tool is very effective when combined with Total Productive Maintenance
(TPM), since together they allow the elimination of equipment loss (decreasing problems with
availability, performance, and quality) and share responsibilities in terms of maintenance and
production [75].

2.2.4 A3 Thinking

The A3 methodology consists in a problem-solving model developed by TMC and with the aim
of solve communication problems between the different Toyota installations, as the A3 format
is the largest size that can fit through a fax machine.

Communication is the key role of this methodology, that aims to support and reach consensus
in critical decisions (13th principle of Lean — nemawashi) with visibility of just critical, clear and
objective information [76].

There are four different common types of A3 reports (Figure 33), used for many different types
of stories presentations, and that follows a natural flow [77]:

Proposal story: aims to get approval to invest resources in the project;
Problem-solving story: used as the project progresses;
Status story: used in key milestones of the project;

P NR

Information story: used to present the results.

-: Problem Consciousness % Current Situation

PROPOSAL ‘;'gi"’rllﬂ‘é'
STORY STORY

PROPOSAL TYPE REPORT TYPE STORIES
STORIES

Figure 33 - Four types of A3 stories [77]
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2.2.4.1 Seven Elements of A3 Thinking

According to Sobek and Smalley [78], the mindset behind the A3 system and the intellectual

development of Toyota’s workers has seven key elements that are described in Table 22.

Table 22 - Seven elements of A3 Thinking [78]

No. Element Description
. s Thinking and then act rationally in decision making, through a disciplined
Logical thinking . . . e “ ” “ ”
1 execution of PDCA, discerning distinction between “cause” and “effect
process . S .
and rational use of the limited resources to solve the major problems.
L Conciliation of multiple viewpoints for the same problem, by framin
2 Objectivity . P P . P Y 8
problems with relevant facts and details.
3 Results and Neither one is favored over the other. Both are necessary and critical for
process effective organizational improvement and personal development.
Synthesis, . o . . L .
R Visualization of key synthesized information in order to communicate the
4 distillation, and -
. ) message clearly and efficiently.
visualization
. Make decisions incorporating the concerns of workers affected by the
5 Alignment . . .
solution and determine any broader issues that have not been attended.
Coherence within . . - . .
. High-level of consistency throughout all the organizational units, speeding
6 and consistency . s L .
2Cross up communication and aid in establishing a shared understanding.
Svstems Understand the problems in an enough broader context that promotes the
7 .y . overall good of the organization. It is not intended to improve individual
viewpoint

department if the overall organization performance stays the same.

2.2.4.2 The A3 Problem-Solving Report Process

Problem-solving report processes uses different formats depending on the stage of the process
and according to what and when information is being presented. It is possible to divide this
report process in three different macro stages: Proposal Stage, Status Reporting and Final
Reporting. The evolution of problem-solving report process is described in Figure 34 [77].
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Figure 34 - A3 problem-solving reporting process [77]

2.2.4.3 Outline for an A3

The basic layout and flow of an A3 problem-solving process are represented in Figure 35.

A3 Report Title and Description

Problem Definition and
Description

1 7 ]

Implementation Plan

. Results
Problem Analysis

Future Steps

Figure 35 - A3 problem-solving story format and flow [77]

The Problem Definition and Description (the problem statement) and the Problem Analysis fill
the entire left side of the A3 sheet. The analysis is the heart of the problem-solving process, as
a thorough and accurate analysis allows solutions to be implemented and achieve effective
results. The right side of the A3 is reserved for the Implementation Plan, Results and Future
Steps, with Results filling the most of it, as the global purpose of the process is to improve results.
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The connection between root causes (analysis) and the results must be logical and clear, so there

is less need to outline the implementation details [77].

2.2.5 Assembly Line Balancing

A proper assembly line balancing means the highest possible uniform distribution of sequential
operations through the different workstations, minimizing the time of empty load. Regardless
the studies for assembly lines design are theatrically well elaborated, contemplating the people,

materials, and equipment in each workstation, it is common to verify, in practice, a certain lack
of balance that needs to be adjusted in order to eliminate waits and bottlenecks. To do so, it is
necessary to start a time measurement study of the different operations [79].

2.2.5.1 Time measurement techniques

The study of work basis is a set of analysis tools and techniques used to study the human work,
with the aim to develop and standardize methods. It is determined the time spent by a qualified
worker, at a normal pace, as well as verified if the worker follows the defined method [80]. Study

of work has two techniques: a study of methods and work measurement; that are described in

Table 23 as well as the correlation between them [81].

Table 23 - Different techniques for time measurement [81]

Technique Description Co-relation
Examination of the current methods for
. . . N ify th in time, if
Study of methods the execution of specific work in order to eed to quantify the gain time, i

improve their performance.

new processes are introduced.

Work measurement

Determination of the necessary time to
carry out specific tasks, under specific
and patronized conditions.

Elimination of unproductive times
with the introduction of new
methods.

The basic steps involved in the study of work are represented in Figure 36. This measure and
determination of the standard time have a key importance for [82]:

e Planning of the organization, using efficiently the available resources and also to

measure the production performance in relation to the existent standard;

e Supply data to calculate the standard cost of production and estimate costs of new

products;

e Supply data for production structures balancing, define production cadence and realize

planning and capacity analysis.
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Standardize the Determine the

operation standard time Train the worker

Figure 36 — Basic steps involved in the study of work [82]

There are various methods for the measurement and determination of times, but the most
common are comparison, timing and Methods Time Measurement (MTM). The criteria’s and
consideration for each technique are described in Table 24 [83].

Table 24 - Comparison between different techniques of time measurement [83]

MTM (Methods Time

Comparison Timin
P g Measurement)
Type of . . . ) .
yp . Single Small and medium series Big series
production
. . Information about the S .
Necessary Identical projects . Detailed information about
. . operation, product, and
information already made movements
method
Precision
ecisio Low Good Elevated

and accuracy

2.2.5.2 Calculated times associated with time measurement techniques

For the determination of the standard time for each operation, there are some corrections and
assumptions that need to be done. They are summarized in Table 25 [84].

Table 25 - Different times associated to time measurement techniques

Designation Description Formula

Real-time when an operation is performed., that varies
according to the worker and the occasion. Results from the -
average number of measurements, previously established.

Observed Time
(om)

Defines the pace of work. If a worker has a normal rhythm,
Rhythm Factor (RF) the rhythm factor is 100%. i

Required time for a worker complete the operation, with a NT = OT X E

Normal Time (NT) normal velocity. 100

The complement of time added to the normal time for rest,
Corrections (C) personal necessities, among others. Standard correction -
times are applied as these times are of hard measurement.

Necessary time for the realization of a specific operation by yC
Standard Time (ST)  a qualified worker, at a normal pace and under a pre- ST =NT X100
established method and normal conditions of work.
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2.2.5.3 Takt time and assembly lines balancing

Takt Time (TT) is used to synchronize production and sales. It is calculated by dividing the total
available time of work (in seconds) by the volume of customer demands (in units), for the same
period, representing the rhythm that the client is requiring the products. If production runs at a
lower speed, customer demands are not satisfied, while if production runs at a higher speed, it
led to overproduction that causes accumulation of stock and increases costs for the
organization. Takt Time matches the necessary rhythm that each product needs to be produced
in order to satisfy customer demands in the established deadlines [85].

One way to represent the balancing of an assembly line is with the help of a bar graph (Figure
37) where the x-axis represents the different workstations and the y-axis represents the time of
operation. The line that represents takt time is placed as a reference for the balancing and

operations distribution [79].

Unbalanced Line Balanced Line

& 3

5 5
£ Takt Time (TT) £ TaktTime (TT)
ES3 E 3
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E 2 E 2
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wel we2 WC3 wea Wes wel we2 WCs3 wea Wes
Working center Working center

Figure 37 - Assembly line balancing versus Takt Time (Adapted from [79])

In the traditional view, there is a tendency to balance through an equal distribution for the
working centers. In this case, the working centers are balanced but they are not fully utilized. In
the Lean philosophy, balancing is made so workers are utilized near to their maximum of
efficiency, with an exception for the last worker that has some availability to assure
administrative tasks or substitute another worker, if needed. Balancing is intended for the
organization of tasks in working centers and has a high importance in increasing productivity, as
it minimizes the stoppages for waiting times [86].
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2.3 Six Sigma

“A comprehensive and flexible system for achieving, sustaining and maximizing business success.
Six Sigma is uniquely driven by close understanding of customer’s needs, disciplined use of facts,
data and statistical analysis, and diligent attention to managing, improving, and reinventing
business processes.” [87].

2.3.1 History of Six Sigma

The process of evolution of Six Sigma approach, from the initial development by Motorola to the
current application for all types of industries, is represented in Figure 38 [50, 87, 88].

Six Sigma focus on

Motorola aimed to
obtain "total customer
satisfaction"

—

To achieve this, products
must be delivery on time
and with the promised
quality

—>

progressively narrow the
process variation, in
terms of number of
defects

—

Six Sigma consists
nowadays in a
combination of tools
with the aim of
processes improvement

\/

Six Sigma approach have
in mind customers and ——
all other stakeholders

Very positive influence
on the shareholders

-

Six Sigma can be
successfully
implemented in any
industry

Currently carries a lot of
advantages as cost
reduction, market-share
growth, defect
reduction, among others

Figure 38 — Evolution of Six Sigma [50, 87, 88]

The name Six Sigma derives from the fact that the quality concept of this approach is established
on a standard deviation of the process for the specification range of +/-6. Since standard
deviation is commonly designated with the letter sigma it became 60. The number of defects on
the products is measured in terms of defects per million. The use of this unit of measure is to
underline the determination to achieve a zero defect production [50].

General Electrics has described this approach as “A disciplined methodology of defining,
measuring, analyzing, improving, and controlling the quality in every one of the company’s

products, processes, and transactions — with the ultimate goal of virtually eliminating all defects”
[50].
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2.3.2  Six Sigma Methodology

Six Sigma methodology, in terms of improvement cycles, comes originally from TQM, which was
one of the first approaches used in management, and focuses on meeting the needs of the
customers and in covering improvement on all parts of the organization. In terms of the
statistical process control of reducing variability, Six Sigma aims to obtain a statistical
performance of having only 3.4 defects per million opportunities (the number of defects in the
whole production if there were one million opportunities to do so), thus making the level of
variability lower enough to be considered acceptable [50].

Initially, the Six Sigma included only four steps in its implementation: Measure, Analyze, Improve
and Control (MAIC), but later, General Electric added the fifth phase — Define — which originated
DMAIC, one of the two main methodologies of Six Sigma [89].

DMAIC consists of an improvement cycle model used to optimize processes [50]. It comprises
the five phases mentioned above, and it appeared with the purpose of being applied in the
production area of an organization [89]. However, companies do not need only to improve
processes, but also to develop them, so Six Sigma englobes also the DMADV approach, whose
main purpose is developing processes and products. DMADV consists of five phases: Define,
Measure, Analyze, Design and Verify. DMAIC gives Six Sigma the necessary tools and methods
for the improvement of products or processes, whereas the DMADV offers the possibility of
developing new products and processes [88].

Both methodologies are represented in Figure 39.

DMAIC  pefve . MEASURE > ANALYZE > IMPROVE > CONTROL
J Yes Yes o
Does Iz an
a process incremental Is new dngn
sufficient?
| Mo | No | Yes
DMADV " pefmne > MEASURE > AMALYZE > DESIGN > VERIFY >

Figure 39 — Methodology of DMAIC and DMADV [88]

2.3.3 Six Sigma metrics

Six Sigma uses a lot of metrics to verify the performance of operations processes, as described
in Table 26.
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Table 26 - Different metrics of Six Sigma [50]

Metric

Description

Defect

When the product or service fails to meet the customers’ demanded
quality

Defect unit or item

Unit of product that contains a defect

Defect opportunity

Number of different ways a product can fail to meet the customers’
demanded quality

Proportion defective

Percentage of units that have one or more defects

Process yield

Percentage of total units produced by a process that is not defective

Defect per unit (DPU)

Average number of defects per unit

Defects per opportunity
(DPO)

Percentage of defects divided by the total number of defect opportunities

Defects per million
opportunities (DPMO)

Number of defects in the whole production if there were one million
opportunities to do so

Sigma measurement

Derives from the DPMO; It corresponds to the number of standard
deviations of the process variability that will fit within the customer
specification limits

2.3.4 DMAIC cycle

Since the developed work focused on the process’s improvement, it will be described all the
steps of the DMAIC cycle. The five of DMAIC stages are described in Table 27.

Table 27 - Description of DMAIC stages [50, 90]

DMAIC stage Description
Define Definition of the scope of the project, identifying customer demands, what
needs to be done and the requirements of the possible improvement.
The problem is validated to realize if it is worth solving, using all the information
Measure to better understand the problem and to measure the dimension and impact of

it.

Identification of possibilities on what can be the root of the problem. These
Analyze possibilities can be checked or not but once the origin of the problem is found
the improvement stage can begin.

Improve Testing and implementation of possible solutions.

Control Confirmation and maintenance of the implementation.

A flowchart of the DMAIC path is represented in Figure 40.
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Figure 40 - Flowchart of the DMAIC path [89]

2.3.4.1 Define

The first phase of DMAIC begins by identifying the products or processes whose intervention is
needed with more urgency, based on inputs as customer complaints, DPMO, suggestions from
workers and so on. This will be the crucial phase in all the process since everything will depend
on this first decision.

Once the processes or products that need the improvement are identified, their prioritization is
chosen based on several tools like the Pareto diagram or the cause and effect diagram. However,
there are a lot of variables that can influence the way these projects are prioritized like the
possible benefits that could be generated for the customers, the benefits to the company or
even the potential cost savings. The main activities for the identification of products and
processes are described in Figure 41.

3 3 3
Define the hopes and Define project's Deflne.the processes 57
A drawing the business
demands of customers limitations
flow
J J J

Figure 41 - Steps for identification of products and processes [89]

Finally, to better perform this phase it is essential to include some research on the international
competitors to define what are the key product/process features in the industry [89].
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2.3.4.2 Measure

This second phase begins with the selection of the “response” variables, that are the
characteristics of the chosen product/process, and with the identification of the “input
variables”, which are the corresponding resources that have an influence on these
characteristics. These characteristics are defined as Critical to Quality features of the
product/process, the ones the client values the most. Subsequently, we need to gather
information from all the selected input variables, using tools like sampling techniques,
measurement intervals and so on.

Measurements are to provide all the important information needed for decision making in terms
of changes in the product/process. Thus, making the measurement of situations where the
evaluation of the performance of products/processes is at stake, much more detailed and
focused on possible project improvement must be [89].

The main activities in the measure stage are represented in Figure 42.

Y Y
. Gather and relate
Measure the process in . . .
i . Develop a plan for the information to determine
terms of satisfaction of . . . .
collection of information issues and
customers needs
) ) underperformances

Figure 42 - Main activities in measure stage [89]

2.3.4.3 Analyse

The third phase of the DMAIC Cycle involves the assessment of the previous data gathered in
the measurement and definition phases. Using statistical methods, this phase will evaluate the
process centering and variation, the stability, the possible tendency of the process/product
performance without forgetting to evaluate in terms of DPMO. In this phase, it is normal to
perform a gap analysis to identify common factors that determine the best performance.

Like in the define phase we should include some research on the performance of response
variables for similar products/processes of our best competitors. This activity would allow
having a good basis for the choice of the improvement targets [89].

The main activities in the measure stage are represented in Figure 43.

™ ™
Analyse the possible reasons for Prioritise the most important variables
defects and variations on the that will guarantee future
process/product improvement
) )

Figure 43 - Main activities on analyze stage [89]
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2.3.4.4 Improve

This phase begins with the decision about what are the characteristics of the product or process
that require intervention and with whose intervention we can accomplish the target set
previously. For this improvement, some tools like 5S, Poka-Yoke, Pull System or Cross training
are used to verify the presence of possible causes for variation, and posterior aiming at the
elimination and reduction of these same causes [89].

The main activities in improve stage are represented in Figure 44.

Improve the process in order to Develop possible alternatives and
eliminate possible variation implement improved solutions

S/ -

Figure 44 - Main activities on improve stage [89]

2.3.4.5 Control

Finally, the control phase will establish the actual improvement, following the measures
adopted in the previous phase. To make this establishment it will use some statistical process
control tools like control charts, to monitor the results and after passing the period of
adjustment, it will evaluate the process capability to check if the whole path was done correctly.

In this phase is also common to make these improvements the new rule for the procedure and
to disseminate the good results throughout the whole organization and also to see how they
affected the whole organization, in terms of annual savings, for example [89].

The main activities in the control stage are represented in Figure 45.

Disseminate the

Control the possible Create a strategy to .
o . . improvements of systems
variations to keep meeting monitor and control the
. throughout the
the requirements processes o
organization
. . J

Figure 45 - Main activities on control [89]
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3 CASE STUDY DEVELOPMENT

3.1 Specific goals of this work

This work was focused on three main goals:

e Improve flows and eliminate/reduce wastes on a specific assembly line with the aim of
increasing productivity;

e Reduce the quantity of scrap produced in the most critical module of the company;

e Create and implement an A3 methodology to follow and monitor specific KPls.

The first goal relates to a productivity improvement plan focused on specific assembly lines with
values of productivity per hour (PPH) below the target and forecasted on budget. This inefficiency
could compromise the deadline with the client and result in significant costs for the company. In
this sense, it was formed by different teams according to the type of inefficiency detected. In this
case study, it was approached an assembly line integrated into the Continuous Improvement
department.

Relatively to the second goal, it was created a specific team to undergo a six-sigma project with the
aim to reduce the quantity of scrap produced along the different processes of the comfort systems
module. It was verified that the biggest quantity of scrap was produced along the adjustment
process and setups, so the key goal of this project was to reach a reduction of about 20% on scrap
produced in these circumstances. However, the developed project was intended to achieve other
goals that are listed below:

e Standardize method of work on the three shifts;

e Document new lessons learned for future equipment;

e Stabilize the process on the different types of equipment of straightening/cut equipment;

e Knowledge of the different process variables and their interconnection on the chain (from
raw material to final product).

Finally, the A3 project aimed to improve the current methodology of controlling and monitoring
the most important KPIs for production management.
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3.2 Characterization of the host company

3.2.1 The group FICOSA (FICOSA International, S. A.)

FICOSA is a multinational company. In 1949, Josep Maria Pujol and Josep Maria Tarrago created a
workshop in Barcelona (Spain), with the name "Pujol | Tarragd", dedicated to the production of
mechanical cables. In 1987 the company changed to the name FICOSA International. This company
invests mainly in research, development, production, and marketing of components and systems
for the automotive sector. It has production centers, engineering centers and commercial offices in
19 countries all over Europe, North and South America and Asia (Figure 46). It is the official supplier
and technological partner of a great part of the vehicle producing companies in the world. All of
this success is partially due to the fact that FICOSA has developed a successful system that
guarantees global quality and high levels of service, the FICOSA Manufacturing System, which
allows the company to have the brand image "made by FICOSA ". This system is based on four
principles: Just-In-Time, Focus on Quality, Continuous Improvement, and Commitment and Team’s
High Performance.

Y EicosA

h

Figure 46 - The Global presence of the group FICOSA
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3.2.2 Fico Cables, Lda.

In Portugal, the company goes by the name of Fico Cables, Lda. In 1972, "Pujol | Tarragd", with the
aim of covering and serving the global market of the Iberian Peninsula, expanded to Portugal by
associating with a Portuguese company called Teledindmica. Teledinamica was located in a garage
in Vila Nova de Gaia and was managed by Eng. Franco Dias and had only three employees. From
1980 the company began to export to Fiat and other European manufacturers. As a consequence
of its expansion, the company moved in 1981 to Maia where later, in 1993, the company changed
its name to Fico Cables, Lda. The company has grown in turnover, product range, and equipment
from that moment on. Nowadays the sales surpass the value of 60 million euros as seen in Figure
47.
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o
60
50
40
30
20
10
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Figure 47 - Sales volumes from 2013 to 2017

At the moment, the company has two business areas, one of which is called Doors and Seating
Systems and the other Comfort Systems. It produces cables used in the transmission of movement
and comfort systems that are incorporated in the seats of the vehicles. These products are designed
to be adapted in different solutions, such as window lift system, handbrake, door opening, seat
back adjustment, seat tilt systems, among others. Fico Cables provides these types of products for
customers who are OEMs and others who are direct manufacturers to OEMs. The main customers
are VW, Opel, PSA, Renault, Brose, Johnson Controls, Faurecia, Kiekert and Inteva.

In terms of type of production system, Fico Cables follows a Standardized Production System based
on the TPS and on the principles of Lean Thinking.
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3.3 Casestudyno.1

This case study is included in a Productivity Improvement Plan, developed with the Continuous
Improvement department.

3.3.1 Characterization of the problem

One of the main Key Performance Indicators (KPI) of Fico Cables is the direct labor deviation
(currently denominated on Fico Cables as MOD). This indicator measures the difference, in terms
of a number of people, between the real number of people that were working on a specific
assembly line and the theoretical number of people needed for the number of OK units produced.
This theoretical number of people is calculated based on the defined output per hour for each
working center.

For the calculation of this KPI, it is assumed that each shift works 8 hours, with a break of 15 minutes
(total of 7.75 hours). Also, this KPI measures the deviation for an expected OEE contained in the
budget instead of an OEE of 100%.

An example of the calculation of this KPI is demonstrated below:

MOD = Number of people reported — Theoric number of people (2)
Y. OK production
MOD = Y. presence hours _ Defined output per hour
Y hours per shift Y. hours per shift X OEE (budget)

91h 4-000/57

MOD = —~
0D = sk ™ 775 h x 83%

MOD = 11.7 people — 10.9 people = 0.8 people of inefficiency

The evolution of this KPI, relatively to the global factory, during the previous year of 2017 is
represented in Figure 48.
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Figure 48 — Evolution of the MOD deviation KPI during the year of 2017

The aim of this Productivity Improvement Plan is to reduce this deviation in 33 people until the end

of 2018, with the improvement of specific assembly lines each month.

The respective progress of the MOD gain is represented in Figure 49.
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Figure 49 - Cumulative evolution of expected MOD gain in 2018
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3.3.2 Requirements to observe

This Productivity Improvement Plan was focused on the improvement of the efficiency of different
assembly lines. For the development of this project, it was defined four teams, described in Table
28.

Table 28 - Teams defined for the development of Productivity Improvement Plan

Team Type of assembly lines on focus KPI / Indicator

Assembly lines with a high number of people and with

Continuous performance problems (but with OEEs that accomplish the Productivity per hour
Improvement (PPH)
goal)
Maintenance Assembly lines with availability problems. % Availability of OEE
Assembly lines with performance problems and with OEE Productivity per hour
Processes
values out of the target. (PPH)
Logistics Assembly lines with higher number/time of setups. Time of setups and

number of setups

In a more detailed way, the criteria used to define which assembly lines were focused by the
Continuous Improvement team was:

e Assembly lines with values of OEE that accomplish the goal, but that works with a big
number of people (potential to gain productivity per hour);

e Assembly lines with values of OEE that accomplish the goal, but that has problems on the
performance component;

e Assembly lines with major visual potential based on historical knowledge.

Based on the values of March of 2018, the assembly lines with good values of OEE and that works
with a high number of people are the following:

e B479 Exterior;
e VWRBS8L2;

e JEEP Locks;

e RG3 Interior;

e Transit Exterior;
o KL;

e RG3.

The corresponding values of OEE and the number of people that works on these assembly lines are
represented in Figure 50.
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Figure 50 — OEE (%) of March of 2018 and number of people that works on the selected assembly lines

In addition, there was identified assembly lines that have also a high number of people working on
them, but that present availability and/or performance problems:

e ‘PSAtravdo’;

e Magna 139/225;

e Multi-reference assembly line (assembly line prepared to work and produce several
references from different customer projects).

The number of people that work on these assembly lines, as well as the losses by performance and
availability (in a number of people), is represented in Figure 51.

75

Number of people working
[ %]
Loss by performance/availability (people)

Multireferéncias PSATravdo Magna 139/225

mmmm Number of people —ge Availability g Perfiormance

Figure 51 — Loss (in number of people) by performance and availability and number of people that works on the
selected assembly lines

In this case study, it will be approached the specific improvement case of ‘PSA Travdo’. This
assembly line was also the selected to start this project as it represents one of the assembly lines
with more people working on it: 5 or 6 people, depending on the reference that is being produced.
It could be chosen the Multi-reference assembly line, which presents a higher number of people
working on it, but this represents a complex case of a very specific assembly line, created to produce
a bigger number of different references and that would not allow a quick gain.
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3.3.3 Methodology of implementation

The methodology of implementation applied to this improvement case consists of three different
main stages, which are described below.

1. Time measurement of different workstations

In this operation, it was measured the time that the operator consumes, at a normal pace and
without the occurrence of special circumstances, in each operation of the different workstations.
This measurement led to understand and visualize the global panorama, identify where it was
possible to have a potential improvement opportunity and to quantify the production capacity in
each workstation before defining and implement improvement actions.

2. Compare actual cycle time of each workstation with Takt Time

After measure the time consumed by each operation in the different workstations, it was compared
the respective time with the Takt Time, as it represents the rhythm that each product needs to be
produced in order to satisfy the customer demand. Also, the visualization of the line balancing
status led to understand if specific workstations were much slower or faster than the others,
causing the unnecessary production of intermedium stocks and waiting times between
workstations.

3. Eliminate wastes and re-organize workstations

After quantified and compared the cycle time of each workstation, it was necessary to understand
the different assembly line debilities, through the identification of the different wastes and
inefficiencies (Seven Wastes concept). The identification of these wastes and the implementation
of the respective improvement actions allowed then to re-organize the different workstation
operations and to globally re-balance the assembly line.

4. New time measurement and verify implemented improvements

In order to validate the implemented improvement actions previously defined, it is necessary to
measure new operation times. By this way, it is possible to understand if the improvements solved
the detected inefficiencies and wastes.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT 99

3.3.4 The case of the assembly line ‘PSA Travao’

3.3.4.1 Introduction to the product

In the assembly line designated as ‘PSA Travao’, are produced cables for handbrake actuation and
for seven different projects of the PSA group. These projects, as well as the respective handbrake
cable, are represented in Table 29.

Table 29 - Different handbrake cables produced in the assembly line ‘PSA travao’

Project Fico Cables Drawin
) Reference g
M3M4 6inch 111912036  o=——1{[[ T | Hp————
M3M49inch ~ 111913039 all=! . ll[}u 2
A88 111912695  G=—=—L{[[] {]]fDe—0
111912350  a——1][|] :ﬂﬂ}}]]llb:u
E3
111913106 ~ o————1 1[I —{ ik —
111913106 @ O = :I[[;[[um—a
F3
111913107 & u]l= Tl 8
111912903
111912904 = MY T '%I \ 11 —
K9 Tl
111912905 "
111912906
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This type of cable has, with primary function, the role to transmit the necessary force to stop the
car or keep it stationary when the handbrake lever is pulled. In the case of the projects produced
in the PSA Travdo assembly line, they are all referred to the secondary cable of the handbrake
system.

This system has the handbrake pulling a primary cable, attached to a U-shaped guide that is
denominated by equalizer yoke. A different cable (denominated by secondary cable) loops around
this yoke and runs to the rear wheels on both sides. When the handbrake is pulled on, the primary
cable is activated and pulls on the yoke that tensions the secondary cable.

This system is represented in Figure 52.
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Figure 52 — Representation of a handbrake system [91]

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY



CASE STUDY DEVELOPMENT 101

3.3.4.2 Introduction to the ‘PSA Travdo’ assembly line

This assembly line is located in the F3 assembly lines submodule. It occupies an area of 62 m? and
has five operators distributed by five different workstations (100 A/B, 101, 102, 103 and 104). In
some cases, there is a sixth operator in a quality wall and that also assumes the packaging and
labeling operations. The assembly line layout as well as the flow of materials in operations (green
line), and the components and WIP supply (dashed green line), are presented in Figure 53.

103 ) 104

Figure 53 — ‘PSA Travao’ assembly line layout

A flow chart with the representation of the different operations sequence and the respective
workstation where they are performed is represented in ANNEX 1 — Flow chart of operations of the
‘PSA Travdo’ assembly line.

3.3.4.3 Components consumed on the assembly line ‘PSA Travdo’

In the PSA Travdo assembly line, it is consumed different components in the different working
centers. This componentes comes both from the other working centers or they are directly
purchased components, as shown in Table 30.
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Table 30 — Components supplied to the assembly line ‘PSA Travao’

Working station Component designation

Component

Conduit end fitting

External O’ring

Smaller inner tube

100A
Bigger inner tube
Rubber bellow
Conduit end fitting
1008
Sealing
Metallic O’ring
Conduit
101 External tube
Extra tube
102 Grease
103 First cable end fitting
104 Second cable end fitting
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3.3.4.4 Supply of components on the assembly line ‘PSA Travdo’

The supply operator places the components boxes on both sides of the assembly line and, from
there, each operator supplies their working stations. The components transfer from the storage
zones to the respective workstation is made by two different ways, as shown in Figure 54.

e The conduit end fittings, rubber below, O’ring, bigger inner tube, sealing, grease, and the
second cable end fitting are consumed from the containers in which they were supplied to
the storage zone (supply without decanting);

e The smaller inner tube, the metallic O’ring, the extra tube, the exterior tube, the first cable
end fitting and the conduits are transferred to smaller containers, used in the assembly line
(supply with decanting).

This supply method distinction relates to the existent conditions in the assembly line, about the
space to store the components and the need to easily reach the components during the assembly
operations.

1750 units 500 units 1000 units 3500 units 2000 units 1100 units 1000 units 5000 units 2000 units

I
/

Supply with decanting

Supply without decanting

Figure 54 — Components supply process to the assembly line ‘PSA Travao’
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3.3.4.5 Workstation operations

Workstation 100A/1008B

In the diagram in Figure 55, it is highlighted the operations performed in the workstations 100A and

1008B.
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Figure 55 - Diagram with main operations of the workstations 100A and 1008

In the workstation 100A, the operator grabs a smaller and a bigger inner tube, positioning them in
the respective knurl machine, and pressing, in order to activate the automatic knurl operation.
Then, the operator assembles an O’ring on the conduit end fitting and places the subgroup in a
container (Figure 56).

Bigger inner tube

Figure 56 - Knurl inner tubes operation (left) and assembling of O’ring on the conduit end fitting (right)
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In the workstation 100B, the operator places a conduit end fitting with a sealing on the dispositive
that inserts it with the help of the bimanual pushbutton mechanism. After that, equipment
assembles a metallic O’ring on the conduit end fitting. Further, the conduit end fitting is placed on
a device that validates the position of the metallic O’ring (Figure 57).

Sealings

Metallic oring

Figure 57 - Introduction of the sealing on the conduit end fitting (left) and assemble of metallic O’ring on the conduit
end fitting (right)

Then, a knurled inner tube is assembled on the conduit end fitting and it is after introduced on a
dispositive to perform a final validation (Figure 58).

Figure 58 - Assemble of knurled inner tube on the conduit end fitting (left) and final validation of (right)

Workstation 101

In the diagram in Figure 59, it is highlighted the operations completed in the workstation 101.
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Figure 59 - Diagram with main operations of the workstation 101

In this workstation, the operator countersinks and grinds two conduits on the respective equipment
and on both sides. After these operations, both conduits are placed on the feeder of external tube
assembling equipment. The operator then grabs an external tube and places it in the position of
the jig, triggering both push buttons at the same time (Figure 60).

Figure 60 - Grind and countersink operation (left) and introduction of external tube on the jig (right)

In the last operation, the operator introduces a conduit subgroup and an extra tube, pointing this
last into the conduit subgroup. Then, a dispositive assembles both elements (Figure 61).

o

Figure 61 - Operator grabbing the extra tube (left) and insert of conduit group on the dispositive to position the extra
tube (right)

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

106



CASE STUDY DEVELOPMENT

Workstation 102

In the diagram in Figure 62, it is highlighted the operations carried out in the workstation 102.
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Figure 62 - Diagram with main operations of the workstation 102

Initially, the operator grabs a bigger inner tube (from one to five units at once) and assembles it
into the conduit, validating it further on a dispositive. After this operation, the conduit end fitting

subgroup is introduced inside the bigger inner tube until the edge of the conduit subgroup (Figure
63).

Figure 63 - Assembly of the inner tube on the conduit (left) and insert of the conduit end fitting subgroup into the
bigger inner tube (right)

Then, the operator positions the conduit and the conduit end fitting subgroup on the jig, press the
pushbutton and starts the knurl test, the assembly of the conduit end fittings clip, measures the
length of the conduit and lubricates (Figure 64).
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Figure 64 — Assemble of the conduit/conduit end fitting subgroup on the jig (left) and pressing the pushbutton (right)

Workstation 103

In the diagram in Figure 65, it is highlighted the operations performed in the workstation 103.
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Figure 65 - Diagram with main operations of the workstation 103

In this workstation, the operator starts to grab a conduit subgroup and position it on the jig, where
the cable is introduced and is automatically stripped. Then, the operator slightly pulls the cable
from the conduit subgroup, inserts the first cable end fitting and introduces the cable and the end
fitting on the radial press, extracting it after a press signal (Figure 66).
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- :

Conduit group

Figure 66 - Introduction of the conduit group on the jig (left) and cable end fitting on the radial press (right)

Workstation 104

In the diagram in Figure 67, it is highlighted the operations performed in the workstation 104.
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Figure 67 - Diagram with main operations of the workstation 104

Initially, the operator introduces the cable on a dispositive that strips the coating and then inserts

the second cable end fitting up to face (Figure 68).
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Figure 68 - Operator introducing the cable on a strip dispositive (left) and introducing the cable end fitting (right)

After this process, the operator positions the cable subgroup on the measure jig and on the essay
jig and, if everything is OK, it is carried out the thermography test for final product validation. Then,
the operator takes the cables from the finished product container (fifteen cables at a time) by
grabbing them through the second cable end fitting and packs them according to the respective
packaging instruction (Figure 69).

Figure 69 - Operator inserting the cable subgroup on the measurement jig (left) and on the essay jig (right)

3.3.4.6 Time measurement of the different operations and line balancing

It was realized a time measurement study for each operation carried out in the different working
stations of the ‘PSA Travdo’ assembly line. The results are presented in Table 31. As workstations
103 and 104 include operations with very short duration and that could induce measurement error,
it was measured the whole time consumed by this set of operations instead of measured in an
individual fashion.
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Table 31 — Time measurement for the different operations carried out in the different working centers of ‘PSA Travao’

(before)

WS Necessary quantity Qperatmg Operation Operation description Qperatlon
to produce time (sec) No. time (sec)
100 4260 55800 1 ,A.ssemble seallng,.metalhc 9.58
O’ring, and smaller inner tube
100 4260 55800 ) Supply workstatlt?n 102 with 0.28
assembled conduit subgroup
100 4260 55800 3 Knurl bigger and smaller inner 48
tube
100 4260 55800 4 Supply.work§tat|on 102 with 0.29
bigger inner tube
101 4260 55800 1 Counter§|nk and grln.d two 429
conduits on both sides
101 4260 55800 2 Assemble exterior tube 6.44
101 4260 55800 3 Supply container with 0.93
conduits
Supply assemble equipment
101 4260 55800 4 with countersink and ground 0.35
conduits
101 4260 55800 5 Supply workstation with 031
exterior tube
102 4260 55800 1 Assemble bigger |nn.er tube on 493
the conduit
Assemble first conduit end
102 4260 25800 2 fitting on the conduit 2.34
102 4260 55800 3 Valldatl.on of the knurled 1.87
inner tube
102 4260 55800 4 Asser.nb.le second condu!t end 131
fitting on the conduit
Position cable on the jig and
102 4260 25800 > embed cable end fitting 3.45
102 4260 55800 6 Supply conduit enq fitting 51
from the container
102 4260 55800 7 Supply workstation 103 0.22
103 4260 55800 1 Insert cable and embed first 13.80
conduit end fitting
Strip cable insert second cable
104 4260 55800 1 fitting and embed; Position 11.27
first cable end fitting, essay,
and thermography.
104 4260 55800 2 Packaging 2.39
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The necessary quantity to produce comes from the weekly volumes of 2018, for the projects
produced in this assembly line, and according to the number of the days per week that the assembly
line works (in the case of this assembly line, it works 5 days per week). Also, the operating time
comes from the number of shifts that the assembly line works per day (in the case of this assembly
line, if works 3 shifts per day, in average). These parameters allow to calculate the Takt Time, which
represents the number of seconds needed to produce a final product, in order to satisfy the
customer demand.

The correspondent parameters and the value of the customer Takt Time calculated are presented
in Table 32.

In terms of operation time, Fico Cables works with shifts of eight hours. Although, for calculation
purposes, it is discounted an allowed break of fifteen minutes for a quick meeting at the beginning
of the shift and to rest.

Table 32 - Calculation of takt time according to 2018 volumes

Parameter Value

Weekly volumes (units) 21300
Number of work days per week 5

Necessary quantity per day (units) 4260
Number of shifts per day 2

Number of hours per shift 7.75
Operation time (seconds) 55 800
TAKT TIME (seconds) 13.10

There were ten different observations for this time measurement and, in order to reach a correct
longest and shortest cycle time, it was rejected observations with erratic values. This means that
observations do not include operations with a time value that deviates excessively from the average
value measured. Summarizing, the total cycle times that were obtained for the different
workstations, as well as the longest cycle time and the corresponding fluctuation are presented in
Table 33.
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Table 33 — Cycle times for each workstation and corresponding fluctuation to the takt time

WS100 WS101 WS102 WS103 WS104 GLOBAL

Operation No. 1 (sec) 9.58 4.29 4.93 13.80 11.27 -
Operation No. 2 (sec) 0.28 6.44 2.34 - 2.39 -
Operation No. 3 (sec) 4.28 0.93 1.87 - - -
Operation No. 4 (sec) 0.29 0.35 1.31 - - -
Operation No. 5 (sec) - 0.31 3.45 - - -
Operation No. 6 (sec) - - 5.10 - - -
Operation No. 7 (sec) - - 0.22 - - -
Total cycle time (sec) 14.44 12.32 19.22 13.80 13.66 73.44
Longest cycle time (sec) 19.88 13.87 24.83 15.73 16.10 90.41
Takt Time (sec) 13.10 13.10 13.10 13.10 13.10 65.50
Fluctuation (Sec) 5.44 1.55 5.61 1.93 2.44 16.97
Fluctuation ratio 37.6% 12.6% 29.2% 14.0% 17.9% 23.1%

Although it was realized during the time measurement study, it was confirmed by the data that,
with exception for the workstation 101 (12.32 sec), all workstations present a cycle time above the
takt time (13.10 sec), with the workstation 102 being clearly the bottleneck of the assembly line
(19.22 sec) as it requires the biggest cycle time. In this way, these are the workstations that must
primarily be improved in terms of equipment and/or flow, in order to satisfy the required demand
of the client.

This data allowed to evaluate the corresponding line balance of the different workstations and to
visually see the comparison of cycle times relative to the takt time, and how much the cycle time
varies (Figure 70).

It is visible by the line balancing graph that the workstation 100, 102, 103 and 104 presents a cycle
time above the takt time and it is necessary to explore improvement opportunities and to eliminate
all kind of wastes detected in order to comply with takt time required. It is also noticeable that
workstations 100 and 102 has high variabilities, that are caused by excessive movements and
transports performed by the operators, to deliver subgroups for another workstation or to pick
components from a distant rack. Reducing this variability will allow getting a bigger output and to
have lower performance losses.
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Figure 70 — Line balancing of the different workstation of the assembly line ‘PSA Travao’ (before)

Ideally, the reduced/eliminated wastes would allow to balance the workstations and to eliminate
one of them, but, in this case, there is not enough vyield to do that. In a future stage, with a
measurement of new cycle times and the elimination of other wastes identified, it could be

possible.

In Table 34 it is presented the corresponding line balance efficiency.

Table 34 - Line balance efficiency (before)

Workstation

WS 100 WS 101 WS 102 WS 103 WS 104 GLOBAL
Line
Balancing 89.75% 94.05% 53.28% 94.66% 95.73% 85.49%
Efficiency

3.3.4.7 Possible improvements identified in the different workstations

In order to eliminate wastes and “gain” cycle time on the different workstations, it was defined as
a set of improvement actions which are further summarized.
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Workstation 100A/100B

Table 35 — Improvements/wastes identified on the workstation 100A/100B

No. Problem/Waste observed Improvement action defined
. Remove “add-ins” of the workstation
AssembIY workstation (100 A/B) and supply 100A/1008B in order to shorten it and could be
workstation (102) are too far from each other. The . . .
1 . . possible to modify the existent layout,
operator wastes about 14 seconds with this L . .
movement bringing this workstation closer to the
' workstation 102.
Equipment that assembles the metallic O’ring on
th it fitti t lete th . . . .
€ confiU| end : ing does not complete the Verify and repair the metallic O’ring assembly
2 assembling operation. Some operators need to equioment
assemble it manually, causing the risk of quip '
overstretching the metallic O’ring.
3 Operator needs to successively perform up/down Relocate and adapt the bigger inner tube stock
movements to grab the bigger inner tubes. container.
The operators have difficulties in assembling the Introduce the use of grease for the assembling
4 rubber below on the conduit end fitting due to the operation of the rubber bellow on the conduit
lack of lubrication. end fitting.
o] ti f the shop fl d kstation sid .
ccupation ofthe shop floor an 'wor station st 'e Optimize the area to store the components
area to store component containers, as there is ) . )
not enough space on the existent rack. In addition that directly supply this workstation and for
5 gnsp ’ ! the subgroups produced on it. Identify each

as a result for the inexistent of identification of
each storing space, operators spend an excessive
time searching for the needed components.

storing space, assuring that each component
has just one possible location to be stored.

Workstation 101

Table 36 - Improvements/wastes identified in the workstation 101

No.

Problem/Waste observed

Improvement action defined

The operator needs to constantly turn and transport the

conduits between the grind/countersink equipment and

the exterior tubes assemble equipment.

Relocate grind/countersink equipment.

The operator spends excessive time to find the exterior
tubes box of the needed reference as this stock area is

hardly accessible and lacks organization. This obligates

Organize the exterior tubes stock area.

operators to accumulate boxes close to them, occupying

the shop floor area.

Other components that directly supply this workstation,
as small exterior tubes, do not have a defined stock area

and occupies the shop floor area.

Define a stock area for the small
exterior tube’s containers.
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Workstation 102

Table 37 - Improvements/wastes identified in the workstation 102

No. Problem/Waste observed Improvement action defined

The operator frequently needs to rotate 180° in Create a stock zone, next to the operator, to
order to collect the bigger inner tubes and, store the knurled bigger inner tubes,

sometimes, it was verified that he/she needs to walk allowing to do minimum effort possible to
to the workstation 100. reach them.
10 It is not defined as a stock zone for the smallerinner Create and identify a stock zone for the

tubes. smaller inner tubes.

Workstation 104

Table 38 - Improvements/wastes identified in the workstation 103 and 104

No. Problem/Waste observed Improvement action defined

It was visible that the operator of the Define an operator to assist in this packaging
workstation 104 spends excessive time operation, assuring that the operator of the
organizing the containers to package the final workstation 104 spends the minimum time
product. possible.

11

3.3.4.8 Implementation of the improvement actions defined

Workstation 100A/100B

e |mprovement action no. 1: Layout modification - Remove “add-ins” of the workstation
100A/1008 and bring it closer to the workstation 102

A movement waste was identified where the operator needed to transfer the conduit end fittings
(after the assembling operations are performed on the workstation 100A/B) to the workstation
102, where it is further assembled with the bigger inner tube and the conduit group. It was
measured that the operator takes about 14 seconds to perform this supply operation and that it
represents 28 seconds per 100 cables produced.

As a solution for this unnecessary movement, it was defined to re-locate the workstation 100A/B
in order to place it closer to the workstation 102. However, to do so, it was verified that the “add-
ins” of the workstation 100 needed to be removed as well as adapt the necessary equipment in the
main structure.
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The ideal layout for this assembly line would be a Product or Line Layout, as all the products
produced in this assembly are very similar and because it is intended to produce in larger quantities.
Also, using a layout model like this would allow having less WIP and movements by materials and
operators. For reasons of available shop floor area, it was not possible to adopt this layout.

Using the same layout model, it was designed some modifications in terms of the location of the
workstations 100A/B, 101 and 102. These modifications allow having lower distances for direct
supply flows.

After evaluating that the solution was suitable, with sufficient shop floor area to do these layout
modifications, the maintenance team could perform the structure modifications on the workstation
100A/B, removing the respective “add-ins” on both sides. These complements included, on the left
side, both knurl equipment and, on the right side, the validation jig equipment (Figure 71).

Validation gabarit equipments

Figure 71 - Workstation with “add-ins” for knurl and jig validation equipment (before)

The final structure of the workstation 100A/100B is visible in Figure 72.

Knurl equipments

gabarit equip its

Figure 72 — Removed “add-ins” removed and knurl/jig validation equipment adapted in the main structure (after)
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The final layout is represented in Figure 73.

Figure 73 - Final layout of the PSA Travdo assembly line

e Improvement action no. 2: Verify and repair the metallic O’ring assembly equipment

Different operators, from different shifts, claimed that the equipment that assembles the metallic
O’ring on the conduit end fitting does not always work properly. Sometimes it was verified that the
metallic O’ring was not completely assembled or was not assembled at all. This led some operators
to assemble it manually, causing sometimes a slack on the assemble, that inclusively was detected
by the client and resulted in a complaint. In order to solve this problem, both assemble equipment
was fixed by the maintenance team by removing the inherent slack of the equipment and allowing
to have a bigger stroke of actuation and then complete the assembling operation (Figure 74).

Assemble equipments

Movement direction

Figure 74 - Metallic o’ring assemble equipment
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e Improvement action no. 3: Relocate and adapt the bigger inner tube stock container

Regarding the location of the bigger inner tube stock container, it was verified that the operator
needed to bend down in order to pick the maximum number of bigger inner tubes possible to grab
with one hand. For ergonomic questions, this successive up and down movements are not suitable
for the operator who gets tired quicker and increases the operations time.

In order to improve this situation, the container was re-located and the “picking zone” of the bigger
tubes are just next to the corresponding knurl equipment, leading that the operator no longer
needs to perform special movements to grab the material.

The corresponding previous and after the situation is represented in Figure 75.

Knurl equipment

Bigger inner Bigger inner

tube container tube container

Figure 75 - Previous and after bigger inner tube container location

Also, it was maximized the capacity of the new bigger inner tube container, in order to could store
a complete supply batch and do not have the necessity to supply it so often. As this new container
is tilted, in order to allow the “picking” operation next to the knurl equipment, it was added a
shaped handle allowing adapt the depth of the stock container according to the size of the bigger
inner tube that is being used (Figure 76).

Figure 76 - Bigger inner tube stock container capacity maximized (left) and shape handle to adapt the depth of the
container (right)
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e Improvement action no. 4: Introduce the use of grease for the assembling operation of the

rubber bellow on the conduit end fitting

For some production references, a rubber bellow is assembled on one of the conduit end fittings.
However, the ergonomic conditions for this assemble operation are not favorable as the both
surfaces are not lubricated, and the operators spend too much time completing this assembly
operation.

In order to solve this problem, it was introduced as a standard and authorized the use of grease for
the assemble operation, after evaluating that it does not compromise the quality of the product
and that not introduces risk to get customer complaints, facilitating the execution of this operation
and allowing to complete it in a shorter time as well as to reduce the fatigue for the operators
(Figure 77).

Rubber bellow Conduit end fitting

-

Figure 77 - Rubber bellow and conduit end fitting assembled

e |mprovement action no. 5: Organize the stock of the components and conduit end fitting
subgroup rack

Initially, a single rack was in the back of the workstation 100A/B to store different components
as conduit end fittings, O’rings, and rubber bellows, that are purchased components and that
are directly used in this workstation. The conduit end fitting subgroups, which are also
assembled in this workstation, was also stored in the same rack. For logical reasons, there was
not enough space to store all these different components/subgroups produced and, for this
reason, many boxes and containers were placed over the shop floor and on other zones along
the workstation, causing circulation issues and making it difficult for operators to find the
necessary material when needed.

The previous situation of this stock organization, as well as some material on the shop floor, is
visible in Figure 78.
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Component boxes

Components and subgroups

containers on the rack

Figure 78 - Stock organization for components and conduit end fitting subgroups of workstation 100A/B (Before)

The existent rack was adopted to store some components that directly supply the workstation

100A/B, including the different conduit end fittings and the rubber bellow. It was defined one store

space by each component and all of them were properly identified, preventing to coexist two

spaces for the same component. The modified components rack and the corresponding designed

layout are visible in Figure 79.

Rubber bellow
(11232512 B00)

Black conduit end fitting
(119216539 A00)

Back conduit end fitting
(119214923 A00)

Hack conduit end fitting K9
(11235397 BOO)

Black @nduit end fitting
(119214922 A00)

Black @nduit end fitting
(119215315 A00)

Hue conduit end fitting
(119214563 BO1)

Green conduit end fitting
(119215351 Bo1)

Green conduit end fitting
(119215316 BO1)

Light grey conduit end fitting
(119216497 A00)

Figure 79 — New workstation 100A/B components rack and corresponding layout (After)
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It was necessary to place on the backside of the workstation 100A/B a new and bigger rack in order
to allow the storage of the different all the conduit end fitting subgroups, with a specific and
exclusive store space for each subgroup, preventing operators to place the containers/boxes on
different storage spaces. After identifying the different conduit end fitting subgroups produced for
all the production references of the assembly line, it was possible to project the rack layout as
visible in Figure 80.

Black conduit end fitting (119214923A01)
+ Sealing + Mettalic oring (11316747B) +
Small inner tube (11630345A01)
(111912036)

Black conduit end fitting (119214922) +
Oring
(111912036/39)

Conduit end fitting preto
Blue conduit end fitting (119214563B01) +| (119216539A00) + Vedante + Clamp

Rubber below (113167478) + Tubo interior peq.
(111913106) (11636527A00)
(111912039)

Black conduit end fitting (119215315A00)
+ Metallic oring (11316740A01) + Rubber
below
(111913106)

Green conduit end fitting
(119215351A01) + Oring
(111913107)

Green conduit end fitting
Conduit end fitting azul (119214563B01) +|(119215316A00) + Sealing + Mettalic oring

Oring (11316747B) + Tsmall inner tube
(111912695) (11636837A00)
(111913107)

Black conduit end fitting (11235397B00) + | Black conduit end fitting (119215315A00)

Rubber below +Clamp (11316740A01) + Rubber below
(111912903/904/905/906) (111912695)
Blue conduit end fitting (119214563B01) + Green conduit end fitting
Oring (119215351A01) + Oring
(111912903) (111912904)

Brown conduit end Liight grey conduit end fitting
fitting(119216496A00) + Oring (119216497A00) + Oring
(111912905) (111912906)

Figure 80 - Layout of the new conduit end fitting subgroups on the workstation 100A/B (After)

The different storage spaces of the conduit end fitting subgroup rack are properly identified,
assuring that exists one space for each subgroup and that a subgroup just has one possible division
to be stored. The labeling of the different storage spaces (Figure 81) was made through the help of
a visual standard, helping the operator to easily and quickly find the subgroup need by the color of
the conduit end fitting.
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T. espiral verde (119215351A01) + Oring
(111913107)

Figure 81 — Conduit end fitting subgroups rack and visual standard used (After)

The space below the workstation 100A/B, that is used to store the sealing and both metallic clamps
used on this assembly line was also organized, with the removal of boxes that do not contain one

of these two materials. Each store space was specifically labeled with both references of the
metallic O’ring and the reference of the sealing (Figure 82).

11316740 AGY | |_VEDANTE 1

Figure 82 — Store space under the workstation 100A/B (before and after)
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Workstation 101

e Improvement action no. 6: Relocate grind/countersink equipment

As it was noticeable during the observation of the assembly line, the operator of this workstation
needs constantly rotate and to transport the conduits from the grind/countersink equipment to the
assemble equipment. The operator moves normally around 15 conduits, which weighs about 3 kg
and repeats this transport every 5 minutes. This transport gradually tires the operator, affecting the
work pace.

The previous location of this equipment, as well as the movement that the operator needed to
perform (red arrow), is shown in Figure 83.

Assemble equipment

Grind/countersink equipment

Figure 83 - Location of the grind/countersink equipment (before)

Along with the layout modification of the workstation assembly line, the grind/countersink
equipment was placed on the right side of the workstation and, the operator, after finishing the
grind and countersink operation, could place the conduit on a gutter of the assembled equipment.
As the conduits are long enough to occupy the length of the gutter, the operator could drop them
by one side and grab them by the other, minimizing the effort. This way, when underdoing the
assembling operation, the operator just needs to grab the conduits one by one and no longer needs
to perform the repetitive and frequently effort of transporting a big quantity of conduits. This layout
modification is represented in Figure 84.
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Conduit gutter

Figure 84 - Location of the grind/countersink equipment and conduit gutter (after)

e |mprovement action no. 7: Organize big exterior tubes stock area

Because there was no defined stock area for this component and given the fact that the exterior
tubes box just lasts for a maximum of 2 hours, operators started to accumulate a big quantity of
boxes under the workstation and that sometimes reaches the circulation corridor behind the
workstation. This situation difficult the access to the area under the workstation, for some setup
interventions, limit sometimes the circulation on the zones next to equipment and difficult cleaning
operations. Also, some of this area will be necessary for a future improvement opportunity that will
be further described. This previous scenario is represented in Figure 85.

Figure 85 — Accumulation of exterior tube boxes under the workstation (before)

The other area where these boxes were store is behind the workstation 104. This area was
completely disorganized, as is visible in the Figure 86, with no spaces defined for each reference,
boxes stored in poor conditions, which could damage the components, and boxes of obsolete items.
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Figure 86 — Big exterior tubes stock zone (before)

In order to maximize the utilization of this stock area and to keep it organized, it was defined the
minimum and maximum stocks allowed in this zone. The minimum stock quantity was defined in
order to be possible to supply the assembly line supply for a half shift period (4 hours). On the other
hand, the maximum stock quantity was established for an entire shift period (eight hours).

In order to organize the stock area zone, it was also necessary to know the different big exterior
tubes that are used to produce the different final product. This information is summarized in Table
39.

Table 39 - Big exterior tubes reference according to the final product reference

Final product reference Exterior tube reference
36 and 39 11630346
695 11634132
106 11636836
107 11636835
903, 904, 905, 906 (K9 project) 11635403

Based on the measured time values presented before, it was possible to calculate the equivalent
number of boxes for this minimum and maximum stock periods. It was measured that this assembly
line has a cycle time of about 19.22 seconds. In one hour, this represents 187 cables produced. For
the K9 project references, as the cable has different significant characteristics relative to the other
references (and also a different cycle time), it was used the value of production cadence per hour
estimated in the budgeting: 150 cables.

Knowing that every box has 200 exterior tubes, the corresponding number of boxes could be
calculated through the following formulas:
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Number of stock hours

Number of boxes = Quantity produced per hour X

Quantity per box (3)

The corresponding calculations for minimum and maximum stocks are summarized in Table 40.

Table 40 - Calculation of the number of big exterior tube boxes associated with the minimum and maximum stock

Big

Final . . Quantity Min. Max. Min. Max.
exterior  Quantity
product produced stock stock stock stock
tube by box
reference per hour hours hours boxes boxes
reference
36 200
11630346
39 200
695 11634132 200 187 4 8 3.7=4 75=8
106 11636836 200
107 11636835 200
903 200
904 200
11635403 —— 150 4 8 3 6
905 200
906 200

With the calculation of the equivalent number of boxes relative to the minimum and maximum
stock, it was possible to define a storage layout which is represented in Figure 87.

Maximum stock
Minimum stock

Big exterior tube Big exterior tube Big exterior tube Big exterior tube Big exterior tube
(11630346 ADOD) (11634132 ADO) (11636836 A0O) (11636835 ADOD) (11635403 BO1) - K9

Figure 87 — Big exterior tubes stock zone layout
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The implemented structure (Figure 87) has a wire that is setting the height of the maximum stock.
Also, a visual standard, as represented on the layout above, was added in order to prevent
exceeding the maximum stock or not having the minimum stock defined.

This reorganization of this stock zone allows now the operator to quickly find the needed reference
and to have a better view of the available stock and if it is or not necessary to require logistics for
material (Figure 88).

Figure 88 -Big exterior tubes stock zone (after)

e Improvement action no. 8: Define a stock area for the small exterior tubes containers

There was not a defined stock zone for the small exterior tubes containers, being frequently stored
in the backward of the workstation 104 or next to the operator. For this component, it was made
the same study as for the big exterior tubes. However, unlike the big exterior tube, this small
exterior tube is just used in some of the references that are represented in Table 41.

Table 41 — Small exterior tubes reference according to the final product reference

Final product reference Small exterior tube reference
36 and 39 11630692
903, 904, 905, 906 (K9 project) 11637030

Following the same conditions as quantity produced per hour and minimum and maximum stock
hours, the calculation of the number of boxes needed for each small exterior tube is summarized
in Table 42.
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Table 42 - Calculation of the number of small exterior tube boxes associated with the minimum and maximum stock

Final Sma_ll . Quantity Min. Max. Min. Max.
exterior  Quantity
product produced stock stock stock stock
tube by box
reference per hour hours hours boxes boxes
reference
36 450
11630692 187 4 8 1.87=2 3.74=4
39 450
903 450
904 450
11637030 150 4 8 15=2 3
905 450
906 450

With the equivalent number of stock boxes for each component reference and for the minimum
and maximum levels, it was possible to build a layout as represented in Figure 89.

small exterior

tube

(11630692 AOOD)

small exterior
tube

(11637030 BO1)

Maximum stock
Minimum stock

Figure 89 - Small exterior tubes stock zone layout

The consequent implementation of this layout is represented in Figure 90.
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Figure 90 — Small exterior tubes stock zone (after)

It was also a visual standard (Figure 91) with the aim to allow to easily control, in a visual way, the
stock quantity and if it is necessary to require more material or if there is material in excess.

TUBO EXTERIOR PEQUENO TUBO EXTERIOR PEQUENO
(11630692 A00) (11637030 801)

STOCK MAXIMO: 3 CAIXAS

STOCK MAXIMO: 4 CAIXAS j——————— -] |

| sTOCK MiNIMO: 2 CAIXAS

==

STOCK MINIMO: 2 CAIXAS

Figure 91 - Visual standard for the small exterior tubes stock zone

Workstation 102

Improvement action no. 9: Create a stock zone, next to the operator, to store the knurled

bigger inner tubes
It was visible that the operator on the workstation 102 frequently needs to rotate 180° in order to
pick the knurled bigger inner tubes that came from the workstation 100A/B, as represented in

Figure 92.
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Figure 92 - Description of the movement that the operator needs to perform to pick the knurled big inner tube

As this workstation represents the bottleneck of the assembly line, it is vital to remove all the
unnecessary movements performed. The designed solution was to place next to the operator, on
both sides of the assembly equipment, a nozzle. This way, the operator does not need to leave the
workplace to pick the knurled big inner tubes and, depending on the side of the machine that the
operator is working, it is possible to immediately perform the assembly of the bigger inner tubes
on the conduits. The application of the nozzle, as well as the location on the workstation, is
represented in Figure 93.

Nozzle

Figure 93 - Nozzle application for big inner tube and location on workstation 102

e |mprovement action no. 10: Create and identify a stock zone for the smaller inner tubes.

This component commonly used to be stored in the backward of the workstation 104 or next to the
operator. However, with this zone almost full with the re-arrangement of the bigger exterior tubes,
there was the necessity to relocate them and to properly identify them. Again, the same minimum
and maximum studies were made, for the same presupposes of 4 hours for minimum and 8 hours
for maximum.
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This component is just used in the reference 36, 39 and 107, with the following references
summarized in Table 43.

Table 43 - Small interior tubes reference according to the final product reference

Final product reference Small exterior tube reference
36 11630345
39 11636527
903, 904, 905, 906 (K9 project) 11636837

With the same presupposes, as quantity produced per hour and minimum and maximum stock

hours, the calculation of the number of boxes needed for each smaller interior tube are summarized
in Table 44.

Table 44 - Calculation of the number of smaller interior tube boxes associated with the minimum and maximum stock

Small . . .
Final product exterior Quantity Min. Max. stock Min. Max. stock
produced stock stock
reference tube hours boxes
per hour hours boxes
reference
36 11630345 187 4 8 0.7=1 1.5=2
39 11636527 187 4 8 0.7=1 15=2
903, 904, 905 _ _
and 906 11636837 150 4 8 0.6=1 1.2=2

With the equivalent number of stock boxes for each component reference and for the minimum
and maximum levels, it was possible to build a layout as represented in Figure 94.

Maximum stock
Minimum stock

Small interior tube small interior tube Small interior tube
(11630345) (11636527) (11636837)

Figure 94 - Small interior tubes stock zone layout
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Figure 95 represents the created stock layout for the smaller inner tube component with the
corresponding visual help added.

Figure 95 - Small inner tubes stock zone and corresponding visual help added (after)

Workstation 104

e Improvement action no. 11: Define an operator to assist in this packaging operation

In the last workstation of the assembly line, the operator must necessarily open the drawer when
a series of a certain quantity of finished cables are produced (it depends from reference to
reference, and it can be 12, 15 or 17 cables produced). Then the operator needs to grab the finished
cables and place them into the packaging box, closes it and paste the packing label.

As the operator spends too much time in these operations and the cycle time of the corresponding
workstation is above the takt time, it was defined that the operator from the workstation 101 (the
one with the largest margin in terms of cycle time, 12.32 seconds) started to help with the packaging
process. The short distance that separates both workstations to the packaging box was another key
factor for this decision.

It was defined that the operator on the workstation 104 opens the drawer and packs the finished
cables (green arrow) into the packaging box and the operator from the workstation 101 completes
the packaging process, with the closing and the labeling operations (red arrow) (Figure 96).
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Figure 96 — Co-operation of operators from workstations 101 and 104 for the packaging operation

3.3.4.9 Setups

In terms of setups, it was also identified some improvement opportunities that could be done
regarding the organization of tools storage and respective displacement. These improvement
opportunities were identified through the observation of different setups, carried out by different
adjustment operators. It was visible some difficulties and excessive time wasted finding the
necessary tools to perform the setup.

Main setup tools cabinet

For the main setup tools cabinet, located on the back of the workstation 104, it was visible that the
adjustment operator spent too much time identifying the necessary tools. This was caused because
the cabinet has illogical compartments for each setup tools and that, even so, were not respected.
The initial compartment division was based on the reference, but the problem is that there are
different types of tools that could be used in different references. The previous division did not
allow to have an adequate organization because it created incongruences. If a tool for the reference
106 could also be used for the reference 695, it is not possible to place them in two compartments.
However, in another type of tool, it is exclusive to the reference 106, which increased the necessity
to divide the cabinet by the type of tool.

The initial compartment division is represented in Figure 97.
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Figure 97 — Previous organization of the main setup tools cabinet

With the support of the different adjustment operators, it was made a division by the type of tool

and according to the references that could be applicable. The different types of tools are

represented in Figure 98.

Conduit end fitting gabarit Cable length

Central gabarit

Figure 98 - Main setup tools

The corresponding division by the type of setup tool and the corresponding references that could

be used for each one is represented in Figure 99.
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References 36, 39, 51

Conduit end fitting jig

References 50, 106, 695

References 107

Central jig

Type of tool

Cable length stop

Crimped terminal tool

Diverse tools

References 903, 904, 905, 906

References 36, 39

References 50, 51

References 106

References 107

References 695

References 903, 904

References 905, 906

Reference 36

Reference 39

Reference 50

Reference 51

References 106, 695

Reference 107

References 903, 904, 905, 906

References 903, 904, 905, 906

References 903, 904, 905, 906

Figure 99 — Division by the type of setup tools and the references that could be used for each one

With this study done it was possible to carry out the necessary changes to the layout of the setup

tools cabinet, which is represented in Figure 100.

In addition to the layout modification changes, it was also considered the ergonomic factor related
to the weight of the different setup tools and the effort that the adjustment operator needs to

perform to remove the tools from the cabinet.

Regarding the ergonomic principles, the heavier tools (for example, the central jig) was placed on
the central shelves, allowing the operator to have the less prejudicial effort possible On the other
hand, the lighter ones were placed on the lower shelves where the higher effort is made. Finally,

the intermedium ones were placed on the upper shelves of the cabinet.
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50 cm
36 50
39 106
51 695
203 904
107
905 906
36 50
39 51
106 107
695
E
o
™
u
- 203 205
904 206
36 39 50 51
106 203 904
107
605 905 906
903 904 903 904
905 906 905 906
FREE

15.5cm

Conduit end fitting gabarit

Central gabarit

Cable length stop

Crimped terminal tool

Diverse tools

Figure 100 — Redesigned layout for the main setup tools cabinet

In Figure 101 it is shown the implementation of the improvements to the main setup tools cabinet.

Figure 101 - Redesigned organization of the main setup tools cabinet
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Setup tools storage on workstations 101, 102 and 104

Included on some of the workstations of this assembly line, there are dedicated places where the
setup tools dedicated to the corresponding workstation are stored. It was visible that all of them
lacks for identification, allowing the adjustment operator to store the setup tool in every place and
making it difficult the search for the necessary tools. In Figure 102, it is represented the previous
status of these setup tools storage.

Figure 102 — Setup tools storage of workstations 101, 102 and 104 (before)

For each setup tools storage, it was defined each space in order to assure that every tool has on
storage place and that each storage place just belongs to one tool. The result after the organization
is represented in Figure 103.

Figure 103 - Setup tools storage of workstations 101, 102 and 104 (after)
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Thermography tools

The thermography operation on the workstation 104 is used to stamp the reference of the final
product, as well as the corporative logo and the date of production. The possible different
combinations of dates lead to a high number of pieces that should be organized and by order, the
letters were placed all together, as well as the entire production references. The respective

reorganization is represented in Figure 104.
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Figure 104 — Organization of the thermography pieces storage (before vs. after)

3.3.5 Critical analysis of results

3.3.5.1 Time measurements and line balance efficiency

After the implementation of the defined improvement actions, it was possible to undergo a new
time measurement process in order to get the new scenario of the assembly line and to quickly

visualize the effect of the implemented improvements.

The measured times for each workstation and operation performed on it are summarized in Table

45.
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Table 45 - Time measurement for the different operations performed in the different working centers of ‘PSA Travao’
(after)

Necessary Operating Operation Old New
WS quantity to P & P Operation description  Operation Operation

produce time (sec) No. time (sec) time (sec)
Assemble sealing, metallic
100 4260 55800 1 Q’ring, and smaller inner 9.58 8.49
tube
Supply workstation 102
100 4260 55800 2 with assembled conduit 0.28 0.11
subgroup
Knurl bigger and smaller
100 4260 55800 3 . 4.28 3.74
inner tube
100 4260 55800 4 Supply workstation 102 0.29 0.09
with bigger inner tube
Countersink and grind
101 4260 55800 1 two conduits on both 4.29 4.19
sides
101 4260 55800 2 Assemble exterior tube 6.44 7.27
101 4260 55800 3 Supply container with 0.93 0.28
conduits
101 4260 55800 4 Supply workstation with 0.35 0.13
exterior tube
101 4260 55800 5 Packing labelling 0.31 0.44
102 4260 55800 1 Assemble bigger inner 4.93 3.57

tube on the conduit

Assemble first conduit
102 4260 >>800 2 end fitting on the conduit 2.34 2.03

102 4260 55800 3 Validation of the knurled 1.87 1.62
inner tube

Assemble second conduit
102 4260 25800 4 end fitting on the conduit 131 114

Position cable on the jig

102 4260 55800 5 and embed cable end 3.45 2.99
fitting
102 4260 55800 6 Supply conduit end fitting 5.10 4.42
from the container
102 4260 55800 7 Supply workstation 103 0.22 0.19

103 4260 55800 1 Insert cable and embed 13.80 12.93
first conduit end fitting

Strip cable insert second
cable fitting and embed;

104 4260 55800 1 Position first cable end 11.27 10.59
fitting, essay, and
thermography.
104 4260 55800 2 Packaging 2.39 1.87
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Summarizing, the individual cycle times and longest cycle times for the different workstation, as
well as the corresponding fluctuations calculated, in seconds and in ratio percentage, are

represented in Table 46.

Table 46 - Cycle times for each workstation and corresponding fluctuation to the takt time (after)

WS100 WS101 WS102 WS103 WS104 GLOBAL
Operation No. 1 (sec) 8.49 4.19 3.57 12.93 10.59 -
Operation No. 2 (sec) 0.11 7.27 2.03 - 1.87 -
Operation No. 3 (sec) 3.74 0.28 1.62 - - -
Operation No. 4 (sec) 0.09 0.13 1.14 - - -
Operation No. 5 (sec) - 0.44 2.99 - - -
Operation No. 6 (sec) - - 4.42 - - ,
Operation No. 7 (sec) - - 0.19 - - -
Total cycle time (sec) 12.43 12.31 15.96 12.93 12.46 66.09
Longest cycle time (sec) 13.71 13.55 17.20 13.67 13.94 72.07
Takt Time (sec) 13.10 13.10 13.10 13.10 13.10 65.50
Fluctuation (Sec) 1.28 1.25 1.24 0.74 1.48 5.98
Fluctuation ratio 10.3% 10.1% 7.8% 5.7% 11.9% 9.05%

Comparing the before and after scenarios (Table 47) it is possible to visualize that the cycle time
values of every workstation dropped, and the corresponding fluctuation ratios followed the same
tendency. These values are the result of the implemented improvements, focused on
eliminating/reducing all kind of wastes and with a big focus in movement and transportation
wastes. These movements and transportations were the main responsible for the big variations

detected before implement the improvement actions.
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Table 47 — Cycle times and fluctuation comparison (before vs. after)

WS100 WS101 WS102 WS103 WS104 GLOBAL

Total cycle time (sec)

BEFORE 14.44 12.32 19.22 13.80 13.66 73.44
Longest cycle time (sec)

BEFORE 19.88 13.87 24.83 15.73 16.10 90.41

Total cycle time (sec)

AFTER 12.43 12.31 15.96 12.93 12.46 66.09
Longest cycle time (sec)

AFTER 13.71 13.55 17.20 13.67 13.94 72.07

Fluctuation (Sec)

BEFORE 5.44 1.55 5.61 1.93 2.44 16.97
F'”“::;'C;’I;‘Eratm 37.6%  12.6%  29.2%  14.0% 17.9% 23.1%
Fluctuation (Sec)

AFTER 1.28 1.25 1.24 0.74 1.48 5.98
Fluctuation ratio 103%  10.1% 7.8% 5.7% 11.9% 9.05%

AFTER

In Figure 105, it is represented the line balancing after implemented the improvement actions.

With the exception for the workstation 103, that continues to be the bottleneck of this assembly
line, all other workstations have now cycle times lower than the takt time, being able to respond to
the client demand.

In terms of balancing, it is possible to verify that the different workstations are move leveled
between them, allowing have a more controlled and continuum production rhythm, reducing the
levels of intermedium stock. However, it is fundamental to improve the cycle time of the
workstation 103 to values below takt time so that the whole production line can respond to the
client’s needs.

Nevertheless, due to the fact of already having explored and discussed various improvement
actions, we concluded it will be necessary to have technological improvements in this workstation
to be able to reduce this much the cycle time. One of the possible improvement actions will be
presented in the next chapter.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA

142



CASE STUDY DEVELOPMENT

25
20
17,20
13,71 13,65 i 13,67 13,94
@ b kt (TT)
Takt Time
: A
8
g |
E 10 -
5 -
0 - T T T
103 104

100A/B 101 102
Worlk station

Figure 105 - Line balancing of the different workstation of the assembly line ‘PSA Travao’

In Table 48, as represented, the line balancing after implementation of the defined improvement

actions has a value of 93.10% comparatively to the previous scenario, before the implementation

of the improvement actions, we can verify there was a rise of 7.61 pp.

The workstation 102 has a lower line balance efficiency (74.13%), since it is clearly the assembly

line’s bottleneck, comparatively to the other workstations that have a much higher line balance

efficiency (all around 98%) as they are almost perfectly balanced between them.

Table 48 - Line balance efficiency (after)

Workstation

WS 100 WS 101 WS 102 WS 103 WS 104 GLOBAL
Line
Balancing 98.03% 97.05% 74.13% 98.03% 98.26% 93.10%
Efficiency
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3.3.5.2 OEE

In Figure 106, is represented the evolution of the OEE of the assembly line of ‘PSA Travao’ during
the three most important stages to measure the efficiency of an assembly line in an improvement
process: the period before, during and after implementation of the improvements.

In this particular case, the OEE is also one of the most adequate indicators since as previously
referred this assembly has problems in terms of performance and availability.

OEE (%) Evolution - PSA Travao

80%

75%
70%
65%
60%
55%
50%
22 23 24 25 26 27 28 29

19 20 21
WEEK

Figure 106 — OEE Evolution of PSA Travdo assembly line

The first five weeks represented in this graph correspond to a period previous to the line
intervention. During these weeks the average OEE value was 66.8%.

The two following weeks (week 24 and week 25) correspond to the period of implementation of
the planned improvements. On week 24 occurred the different layout modifications which is a
sensitive modification that took some time for the operators to adapt themselves and their way of
working.

From week 26 and beyond, with all the improvement actions implemented there is a clear positive
tendency on the OEE value, which shows and demonstrates the positive result of the improvement
work.

However, during these first weeks, it became crucial to closely follow how the assembly line was
working with the aim of rapidly solve any trouble or clarify the different operators for any doubt on
the work methods.
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3.3.5.3 Production per hour — PPH

As previously referred to the introduction of this case study, this project is included in a Productivity
Improvement Plan of the Continuous Improvement department. Moreover, one of the main
indicators for evaluation of the improvements developed throughout the project is the PPH
indicator (production per hour).

In Table 49, is represented the obtained increase of PPH on this assembly line with this
improvement project.

Table 49 — Production per hour (before vs. after)

Before After
Cycle time (sec) 19.22 15.96
Production per hour — PPH (units) 187 225

With the decrease of the cycle time from 19.22 seconds to 15.96 seconds, it was possible to increase
the PPH to 225 units. This value represents the hour to hour production capacity of the assembly
line.

3.3.5.4 5SAudit

The 5S audits is one of the main tools used for the organization of a workplace and posterior
maintenance of this organization in order to improve the efficiency of the overall process. In this
case, it will be implemented on the assembly line in general but also bearing in mind the
specifications of each workstation. Due to reasons of confidentiality, it will not be possible to
mention all the points related to the 5S parameters implemented but only to make a brief
description about them.

1. Seiri (Sort)

It consists of making the distinction between what is really necessary and what is not in order to
perform the different operations of the different workstations of the assembly line. It helps to make
sure everything will be in the right place and in the right conditions, prompt to be used when
necessary
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2. Seiton (Set)

It is related to the importance of keeping everything storage properly in each workstation in a way
everyone can have access to the right item for a certain procedure at the right time, easily.
Everything needs to have a place and to be in its place.

3. Seiso (Sweep)

It consists of keeping the different workstations, the setups cabinets, the racks and the different
support tables and all the different equipments as clean as possible in terms of any type of waste,
dirt, oil or dust.

4. Seiketsu (Standardize)

It focuses on making sure the procedures for the previous 3S are known and that everyone knows
what their role is in this implementation. The information provided in terms of routines, tasks,
schedules, and plans of action should be updated, clearly defined and available for every
workstation of the assembly line.

5. Shitsuke (Sustain)

It consists of implementing certain tools to maintain the established standards over the long term
in terms of levels of stock, of monitoring and maintenance of the equipment, etc. It is important to
make sure everything is going as expected by auditing regularly the assembly line and by showing
these results to all the workers.

After the first 5S audit it was created for every non-conforming item a plan of improvement actions
specifying what the problem was and what corrective action should be implemented with its
respective deadline.

Table 50 - 5S audit (before vs. after)

5S Before  After
Seiri (Sort) 1/5 4/5
Seiton (Set) 1/5 5/5
Seiso (Sweep) 0/5 5/5
Seiketsu (Standardize) 2/5 5/5
Shitsuke (Sustain) 2/5 4/5
Final Score 28.10% 92.20%
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Through the improvement, measures implemented it was possible to build a standard for the 4th S
(standardize) which allowed to keep the improvements made in terms of the 5S as shown in the
ANNEX 2 — Standard 4S developed for ‘PSA Travdo’ assembly line.

3.3.6 Future improvements

3.3.6.1 Description of the improvement

As it was shown before, the bottleneck of the assembly line was the workstation 102 with a
corresponding cycle time of 15.96 seconds, for a takt time of 13.10 seconds. In order to reduce the
cycle time to a lower value than the takt time, which will allow responding effectively and on time
to the customers’ demand there was a need for a more profound technical modification in the
workstation.

From the different operations, one of the longest that is executed inf this workstation is the
assembling of the big inner tube on the conduit, that takes to the operator a measured operation
time of 3.57 seconds.

The proposed modification would be to go from a manual assembly operation to an automatic
assembling of the big inner tube on the conduit, which would transfer the cut operation to this
workstation.

The basic steps of this process are described in Figure 107.

Automatic assemble Big inner tube cut on
Big inner tube inreel —— | through the unwind —— the assemble ——| Knurl big inner tube
of the reel equipment

Figure 107 — Process steps for the automatic assemble of the big inner tube on the conduit

3.3.6.2 Future line balance efficiency

As projected by the processes department team, with the implementation of this modification and
also without the big inner tube knurl operation on the workstation 100A/B, the total cycle time in
this workstation would reduce of about 1 second.

On the workstation 102, that will receive the automatic assembling equipment, the corresponding
operation time for the manual assembling of the big inner tube on the conduit could be eliminated
as the new time will be considerate a machine time, and the operator does not need to wait for the
assembling to be concluded as he could perform the next operation —assemble conduit end fittings.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT 148

This way, the new cycle times for each operation and corresponding fluctuation to the takt time are
summarized in Table 51.

Table 51 -Cycle times for each workstation and corresponding fluctuation to the takt time (future)

WS100 WS101 WS102 WS103 WS104 GLOBAL

Operation No. 1 (sec) 8.49 4.19 2.03 12.93 10.59 -
Operation No. 2 (sec) 0.11 7.27 1.62 - 1.87 -
Operation No. 3 (sec) 2.74 0.28 1.14 - - -
Operation No. 4 (sec) 0.09 0.13 2.99 - - -
Operation No. 5 (sec) - 0.44 4.42 - - -
Operation No. 6 (sec) - - 0.19 - - -
Total cycle time (sec) 11.43 12.31 15.96 12.93 12.46 61.51
Longest cycle time (sec) 12.71 13.55 13.63 13.67 13.94 67.50
Takt Time (sec) 13.10 13.10 13.10 13.10 13.10 65.50
Fluctuation (Sec) 1.28 1.25 1.24 0.74 1.48 5.98
Fluctuation ratio 11.2% 10.1% 10.0% 5.7% 11.9% 9.73%

A comparison of the cycle time, longest cycle time and fluctuation between the before, after and
future stages are summarized in Table 52.
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Table 52 — Cycle times and fluctuation comparison (before vs. after vs. future)

WS100 WS101 WS102 WS103 WS104 GLOBAL

Total cycle time (sec)

BEFORE 14.44 12.32 19.22 13.80 13.66 73.44
Longest cycle time (sec)
BEFORE 19.88 13.87 24.83 15.73 16.10 90.41
Total cycle time (sec)
AFTER 12.43 12.31 15.96 12.93 12.46 66.09
Longest cycle time (sec)
AFTER 13.71 13.55 17.20 13.67 13.94 72.07
Total cycle time (sec)
FUTURE 11.43 12.31 12.39 12.93 12.46 61.51
Longest cycle time (sec)

FUTURE 12.71 13.55 13.63 13.67 13.94 67.50
Fluctuation (Sec)

BEFORE 5.44 1.55 5.61 1.93 2.44 16.97
FIUCtI;‘:th’;Eram 37.6%  12.6%  29.2%  14.0%  17.9% 23.1%
Fluctuation (Sec)

AFTER 1.28 1.25 1.24 0.74 1.48 5.98
F'”cu:\aFtT"E; ratio 103%  10.1% 7.8% 5.7% 11.9% 9.05%
Fluctuation (Sec)

FUTURE 1.28 1.25 1.24 0.74 1.48 5.98
Fluctuation ratio 11.2%  10.1%  10.0% 5.7% 11.9% 9.73%

FUTURE

In Figure 105, it is represented the line balancing expected to achieve with the automatic
assembling of the big inner tube. Now it is possible to visualize an assembly line well leveled, with
all the workstation having cycle times under the takt time and being able to respond to the client
demand. Itis also expected that the bottleneck would change from the workstation 102 to 103. The
workstation 100A/B has a little lower operation time comparing to the other workstation (of about
1 second). However, as it only produces subgroups it could produce for Kanban purposes.
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Figure 108 - Line balancing of the different workstation of the assembly line PSA Travdao

In Table 53 it is summarized the expected evolution of the PPH value. With the implementation of
this improvement, it is expected that the PPH of this assembly line keeps improving for a value of

278 cables produced per hour.

Table 53 - Evolution of cycle time and PPH

Before After Future
Cycle time (sec) 19.22 15.96 12.93
PPH (units/hour) 187 225 278

3.3.6.3 Process mapping

In order to evaluate whether this option compensates the investment, it is necessary to know every
element and constraint along the value stream associated with the big inner tube used on this
assembly line. It was decided the best option was to use the tool Value Stream Mapping (VSM).

Spaghetti diagrams

Through the usage of a tool called Spaghetti Diagram, it is possible to visualize the path of the big
inner tube on the factory from the components’ warehouse to the final product assemble operation

on ‘PSA Travdo’.
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Figure 109 - Spaghetti diagram of the big inner tube for ‘PSA Travdo’ (before)

In Figure 109, it is possible to visualize the flow of the big inner tube. This component is directly
purchased from a supplier arriving at a component warehouse. From there a supply operator takes
the big inner tube to the cutting equipment located on the F3 module. With the big inner tube
already cut a supply operator moves it to a cut big inner tube storage section where it stays until it
receives a requirement order to supply PSA and is moved by a supply operator.

F3 - Big inner
tube

[El PSA TRAVAO

PROPOSAL

F2 F3 L

O d | PSATRAVAO

m==11

COMPONENTS WAREHOUSE

Figure 110 — Proposal for the spaghetti diagram of the big inner tube for ‘PSA Travao’

On the proposal model (Figure 110), the big inner tube would come directly to the assembly line
moved by a supply operator. This model allows fewer movements and transportations.
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Actual Situation
e Stock

First, it was necessary to quantify the amount of stock of the big inner tube across the value stream.
On a specific day by following the whole flow, from the components warehouse to the assembly
line, we were able to quantify the following amount of stock.

Table 54 - Amount of stock through big inner tube flow

Location Quantity (meters)
Components warehouse 28000
Cutting equipment 4000
Cut big inner tube storage section 26676
Assembly line 180
TOTAL 58856

As the material on the cut big inner tube storage section and on the assembly line is already cut it
is necessary to translate the quantity in meters to the number of cuts. As it can be seen in Table 55,
for a total quantity of PSA cables produced of 207639 that corresponds to a total of 370538,6
meters it is possible to determine that the cut length has an average of 1.8 meters.

Table 55 - Quantity of PSA cables produced for a period of 90 days

Final Product Ref. Cut Ref. Cut length (m) B s ctalenesy
produced (m)
111912036P01D01 11630349B00 1,72 29190 50206,8
111912036R01D01 | 11630349B00 1,72 120 206,4
111913039P01A03 11636528A00 1,756 7035 12353,5
111913106P01A00 | 11636832A00 1,845 11240 20737,8
111913106R01A00 | 11636832A00 1,845 15 27,7
111913107P01A00 | 11636831A00 1,654 33324 55117,9
111912695M01A01 | 11634129A00 1,826 118000 215468,0
111912695M03A01 | 11634129A00 1,826 400 730,4
111912695R01A01 | 11634129A00 1,826 4005 7313,1
111912903P01D03 | 11635401A00 2,124 36 76,5
111912904P01D03 | 11635401A00 2,124 72 152,9
111912905P01C02 11636604A00 1,939 512 992,8
111912905P01D03 | 11636604A00 1,939 1656 3211,0
111912906P01C02 11636604A00 1,939 477 924,9
111912906P01D03 | 11636604A00 1,939 1557 3019,0
207639 370538,6

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY




CASE STUDY DEVELOPMENT 153

Knowing the average cut length is 1.8 meters it is possible to convert the total amount of stock on
the cut big inner tube storage section and in the assembly line to the number of cuts.

Table 56 - Conversion from meters to number of cuts for the cut big inner tube stock

Location Quantity (meters) No. of cuts
Cut big inner tube storage section 26676 14820
Assembly line 180 100

e Days of stock

With the total quantity of stock in the appropriate units, it is possible to convert it to the days of
stock as summarized in Table 57.

Table 57 - Days of stock calculation

. . Quantity (m) No. of cuts Days of
Location Quantity (m) for 90 days No. of cuts for 90 days stock
Components 28000 370536 - - 6.81
warehouse
Cutting equipment 4000 370536 - - 0.97
Cut big inner tube - - 14820 207639 6.42
storage section
Assembly line - - 100 207639 0.04

e  Days of stock cost

Knowing the area occupied by each stock location and with an established cost rate per square
meter, it is possible to calculate the cost of each day of stock. The stock cost associated with the
total number of stock days is 8.95 €.

Table 58 - Days of stock cost calculation

. Occupied 2 Days of Days of stock
Location area (m?) Cost/m?/day stock cost (€)

Components warehouse 3 0.19 6.81 3.88

Cutting equipment 1 0.19 0.97 0.18

Cut big inner Fube storage 4 0.19 6.42 488
section

Assembly line 1 0.19 0.04 0.01

TOTAL 9 - 14.24 8.19
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e Retained value of stock

In Table 59, it is presented the value the company is losing due to the fact that there is an excess of
stock storage and from finished products unpaid for. The total cost for the retained value of the
stock is 819 euros.

Table 59 - Calculation of the retained value of stock

Raw Process cost Retained
Location Quantity (m) material No. of cuts (€/cut) value of the
cost (€/m) stock (€)
Components 28000 0.013 - - 364
warehouse
Cutting equipment 4000 0.013 - - 52
Cut big inner tube - . 14820 0.027 400
storage section
Assembly line - - 100 0.027 3
TOTAL 32000 - 14920 - 819

e Supply operator

As there are three supply operators responsible for supplying ‘PSA Travao’ assembly line (one per
shift) and knowing that it takes, in average, about 20 minutes to supply the cut machine from the
components warehouse, it represents one hour per day. Bearing this in mind, it is possible to
calculate a cost for the supply operator.

Table 60 - Data for calculation of supply operator costs

Description Value
Number of worked hours/month 173.33 h
Number of the saved hours/day 1h
Supply operator monthly wage 1200 €

Based on the data presented in Table 60 it is possible to calculate a cost per month regarding the
supply operator as presented below:

Cost per month = Cost per day X 21 days (4)

Cost per month = 1200“%/173 33y X 21 days = 145.38€
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e Cutequipment

Since this cut equipment produces exclusively for ‘PSA Travao’ assembly line it is possible to
calculate the associated cost.

Table 61 - Cut equipment costs

Description Value
Number of cuts/ 90 days 207000
Number of cuts/months 69000

Cadence of cuts (no. of cuts/ 1000
hour)
Number of hours/month 69 h
Cost/ hour/ cut 4.02 €
Cost/ month 277.38 €

Future Situation

Knowing that the big inner tube supplier has a delivery lead time of 2 days and, a stock of 10000
meters is sufficient as the daily consume is under 5000 meters per day (based on the PSA 90-day
production of around 370000 meters).

Table 62 - Future daily stock cost calculation

Description Value
Stock quantity (m) 10000
Cost/m?/day 0.19€
Stock area (m?) 2
Stock days 2
Day stock cost 0.76 €

e  Retained value of stock

With the 10000 meters of stock define above, divided by the components warehouse and reels on
the assembly line, it is possible to calculate a retained value of the stock, represented in Table 63.

Table 63 - Calculation of the retained value of the stock (future)

Location Quantity (m) Raw material Retained value of
Y cost (€/m) the stock (€)
Components warehouse + Assembly line 10000 0.013 130
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Figure 111 - Actual VSM for the big inner tube (PSA Travdo)
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3.3.6.5 Future VSM
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3.3.6.6 Savings

With the implementation of this improvement opportunity, there will be different savings that
could be achieved and that will be further resumed.

In terms of the retained value of stock cost, there is a fixed saving, summarized in Table 64.

Table 64 - Retained value of stock saving

Description Value

Retained value of the stock (actual) 819 €
Retained value of the stock (future) 0.19€
Saving 689 €

Monthly (21 days), there are savings regarding the days of stock cost, the cut equipment and also
the supply operator. These savings are concise in Table 65.

Table 65 - Summary of expected savings with the implementation of the improvement opportunity

Description Value

Days of stock cost (actual) 8.95 €

Days of stock cost (future) 0.76 €

Days of stock daily saving 8.19€
Days of stock monthly saving 17193 €
Cut equipment monthly saving 278.38 €
Supply operator monthly saving 145.38 €
TOTAL month 594.70 €

TOTAL year 7136 €

In every investment, it is always crucial to face the possible savings obtained from the investment
to be realized. Knowing that, monthly, it will be saved about 595 €, and for a total investment of
3387 €, it is expected a payback of about 5.7 months.
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3.4 Case study no. 2

3.4.1 Characterization of the problem

The problem discussed in this case study had its origin on the evaluation of one of the main issues
of the factory: Scrap. This issue reflects the quality problems of a certain process/ equipment and
can be evaluated under different perspectives: number of non-conforming units, the cost
associated with non-conforming units, low equipment/ technology efficiencies (OEE). In this
particular case, it was necessary to evaluate data from 2017 to understand which technologies or
sub-modules were contributing the most to the deviation found on these KPls.

After identifying the main scrap source, it became necessary to learn and understand the whole
process to identify the possible causes of the quantity of scrap produced. This is one of the most
common problems not only in the automotive industry but in all types of industries and it has
become one of the most important things to control in order to be able to be to reach today’s
customers’ requirements: to have the best, a fast as possible and at the lowest price.

3.4.2 Selection of ideas

In order to be able to reduce the impact of these quality problems in the most affected sub-module/
technology, we considered two possible types of problem-solving tools: PDCA Cycle and Six Sigma
methodology. To support the decision on what improvement methodology to be used both were
analyzed through a SWOT Analysis. The SWOT Analysis for the PDCA Cycle is in Figure 113.

Weaknesses

Strenghts

. : - Less detailed analysis
- Simple to implement phase
- Easy process to
explain to the different
contributors of the

improvement project

- Depends too much on
trial and error
processes

Opportunities
=8 Threats

- Successful
implementation of this - Simplistic vision in the
tool can create analysis phase can lead
synergies on the to failure on the
organization and implementation of the
motivate people to planned improvements
apply this methodology

Figure 113 — SWOT analysis regarding the PDCA cycle use
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The SWOT Analysis regarding the utilization of the Six Sigma methodology is represented in Figure
114.

Being the excessive quantity of scrap a complex problem, with known and unknown variables
responsible for its existence, it is necessary to understand all these variables and how they relate
with each other, affecting the problem in question. This necessity led to a need for a deeper analysis
phase that would allow defining the adequate improvement actions to eliminate or drastically
reduce this problem.

This way we chose to follow the Six Sigma methodology since it was adequate for more complex

problems with more associated variables and where there is not a known solution for such a
problem as it was the case.

A PDCA methodology would be more adequate for a simpler problem with known and controlled
variables for which normally we already know the possible solution and where we just want to
follow its implementation and posterior result.

Weaknesses

Strengths - Requires more resources

- Focuses on improving
quality

- Considers all types of
variables according to the
problem in question

Opportunities

- The technological
development will make it
easier to implement
methods that require data
analysis

- Can be combined with
other methods such as
Lean

to be implemented (time,
money and people)

- Needs commitment from
top to down to be effective

- Requires a lot of change
in the whole organization

Threats

- Some resistance in
accepting the
implementation of this
method

Figure 114 - SWOT analysis of the Six Sigma use

3.4.3 Methodology of implementation

The present study case addresses the application of the Six Sigma methodology with the aim of
reducing the number of wires scrapped in the company Fico Cables. The practical development of
this project, integrated into the department of Continuous Improvement, was based on the DMAIC
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approach. Thus, this chapter is composed of the detailed description of the stages of this cycle,
applied to the improvement project.

The different DMAIC stages, as well as the main steps involved in each stage, are represented in

Figure 115.

[
Positive evaluation of opportunity ! A o [STEP 1]
, DEFINE Define the Project
Link to Values and Businesses of FICOSA Pre-Check =
o [STEP 2]
Priority on Project Pipeline Introduction to Process and Product

[STEP 10] m [STEP 3]
Close of the Project ‘ Observation and Collection of Data
CONTROL MEASURE

[STEP9] potis “/\ Jf [,‘ [STEP 4]
Monitorize and Summarize Descprition of the Actual Stage

[STEP 8] [STEP 3]

Test and Implement Solution(s) r) . I Find Clues <<< Analyse Data
[STEP7] - - [STEP 6]
Search Solution(s) ”VIPRO.VF A‘NALYZF Find Root Causes <<< Analyse the Process

Figure 115 - DMAIC stages and steps of the developed project

3.4.3.1 Pre-Check stage

3.4.3.1.1 Positive evaluation of the opportunity

In order to evaluate the importance of the project for the organization as a whole and the different
aspects are taken into consideration in order to undergo this improvement project, it was used a
prioritization tool called Prioritization Ranking Matrix (Figure 116). This tool evaluates the key
aspects of the project as:

e Customer satisfaction;

e Feasibility:

e Expected net project savings;

e Safety, sustainability, and strategy.
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Low influence an... 1 1 1 heauy adaption needed 1limited avilibiity 1 3-3Moniths
Medium influsnce on... 3 3 3 Flow adaptionnesded 3 adequate avalibilin 3 3 Monihs
Highinfluence or.. 5 5 5 Snoadaptionneeded 5 no problem 5 < 1Morth
Yalue | 5 I 5 | Yalue [ 3 ] [ 3 ] [ 1 ]
Weighted value - 125 || Weighted value [ 03| [ 1z ] | —
Totalweighted value Totalweighted valus
Total weighted value for isfacti Total weighted value for feasibility
Expected net project savings 35% Safety, Sustainability, Strategy 10%
et = profit - cost of investements (if any) I thie project linked o Safery, Envitanment, Internal processes aptimization o Ficass strateqy®
EH&S Optimization of internal p Impact on Strategy
Weighting Score Weighting 407 407 20%
Noinfluence 0 a i
EUR0-20.000 0 Low influsnce 1 1 1
ELIR 20 - 50.000 1 Medium influzncs 3 3 3
ELIR 50 - 200.000 3 Highinfluence 5 5 s
ELR 200,000+ s
Valie o] Yalue | ] | 5 | -
Weightedvalee | 04 | [ 2 | [ 1 |
Tatal weighted value
Total weighted value for cost { benefit | o0 ] Total weighted value for Safety, Sustainability, Strategy 034

| Total value of project = 1.8 Maximum value = 5,0

Figure 116 — Prioritization Ranking Matrix for the developed project

The development of this project was also important because:

e Allowed to understand the variables associated, and how they interconnect, for the
production of scrap, on one of the key modules of Fico Cables;

e There was a necessity to reduce costs associated with one of the scrap tops.

3.4.3.1.2 Linkage to corporative values and businesses of FICOSA

It was also important to, before proceeding with the project, identify which corporative values were
represented and related to it (Figure 117).

@ St x Focus on customer V
O Team work / Learn together V @
Honesty and integrity V

@ Commitement and passion for the work V
@ Leadership x
@ Inovation and creativity V

Figure 117 - Identification of the corporative values that were related to the project

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT 163

3.4.3.2 Define stage

In this initial stage of the DMAIC cycle, a complete definition of the project was made. In this sense,
it was necessary to identify the problem (and where it was located in the factory), the goals and
objectives to be achieved, and the benefits inherent to the realization of this improvement project.
The different team members, their roles and responsibilities along the project was also defined. A
process mapping was carried out in order to understand, in more detail, the different operations
and activities under analysis and the respective stakeholders (particularly internal and external
suppliers and customers).

3.4.3.2.1 Define the project

Once the project was approved, it was necessary to create a document that summarizes the
different elements of the project, with the statement of the scope, goals and the different
participants and their level of authority on the project. The designed document is called Project
Charter and it is presented in Figure 118.

Busi Case Problem Statement

Background story behind: process, product, customer Problem descripiion - remember NOT fo put any potenial solufions here!

The overall value of scrap increased significantly in the months of October and November Value of scrap above target (target 2.6%; resultin Nov 2017: 5.0%). 34% (69
of 2017, with the respective BSC indicator being out of target (Scrap Over Consumption 511€) ofthe top 20 of overall scrap (202 244€) refers to the scrap of 7

Nov 2017=5 0%; Target=2 6%) One of the scrap tops is located on F4 module, in the references of wire used on the wire bending area of F4 module The total of
wire bending area. This is one of the key processes, that is growing and saturated, of the the process of wire bending by technology Tecnogial represents 41% ofthe
company. scrap on the wire bending area, where in 2017, the scrap and adjusts of this

process (Dorca + Tecnogial) represented 91000€.

Goal Statement Benefits

CTGs Target value If possible discuss expecied beneiis wih your Cl ieam.

Kq sucata Reduce 17 000€ of scrap on wire straightned by Dorca and bending - Reduction of 20% of the scrap made by setups and adjustments.
g by Tecnogial - Standardization of the work method on the 3 shifts.

- Learning lessons for future equipments

- Stabilizaton ofthe bending process Dorca/TecnogialHeat freatment/Injection
- Knowledge of the process vanables and their interconnection in the chain
(from raw material to final product)

Expecied savings [EUR] 17 360 00 €
Timeline Team members
Phase Scheduled phases Role Name
perine D Project Leader S Loureiro, M.Gaspar

veasure (R

vz
IMPROVE I Team R Dias, G Ferreira, F Higino, R Ribeiro, J Pereira
CONTROL _

Process Champion  |C.Pereira

Experts on Demand  |C Riquito, P Amaral

Figure 118 — Document for definition of the project (Project Charter)
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In order to better define the quality indicator of the project as well as quantify the goals, it was
created a Critical to Quality Tree (CTQ), that allows translating customer needs into specific and
measurable performance indicators. This tool is represented in Figure 119.

CTQ Tree
Quantity of rejected wire (scrapped) - by each
adjustements operator, shift and equipment

what is poing to be measured?

Kg of rejected wire (scrapped)

2| ssesric umie

Reduce 17 000€ of scrap of wires straightned on Dorca
High humber of wires scrapped | _—— [and bending on Tecnogial

on F4 module

Customer Meeds/ Requirement 3 Targst

® @ M =oosA
= -1 000€ (-5%)
-

4| orerancs

<16 000€

5| oeect nefrivon

Figure 119 - CTQ Tree related to the quality parameter of the project

3.4.3.2.2 Introduction to the product

As a component manufacturer for the automotive industry, Fico Cables is a 2™ tier supplier. In the
case of the comfort product systems, Fico Cables supply to 1% tier suppliers, as Brose, Faurecia or
Johnson Controls, which in turn supply OEMs as BMW or Mercedes (Figure 120).

2" tier supplier 1<t tier supplier OEM'’s

faurecia

D , brose .
Technik fUr Automobile g
Johnson 7))1('

Controls Mercedes-Benz

Figure 120 - Position of Fico Cables in the supply chain of OEMs
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The product manufactured in the process discussed in this work is part of the automobile seat. It
basically consists in a structure responsible for the comfort offered in the seats for their users.
These structures are subdivided in terms of assembly location on the seat:

e (Cushions — Flexible structures responsible for the comfort and support of the seat and that
are located in the interior of the bottom padding of car seats (Figure 121).

Afa MITO Paugedct 3003 & 3008

Loncia Ypslen

Figure 121 - Example of cushions used by different automobile manufacturers

e Suspension Mat (SM): Flexible structures responsible for the comfort and support of the
lower back zone of the seat (Figure 122).

e

Peugeot 3008 & 5008 Ford Tronsit Peugeot 308

Figure 122 — Example of suspension mats used by different automobile manufacturers

In Figure 123, it is represented the structure of an automotive seat and the location of the cushions
and SM comfort systems assembled.

Suspension Mat

Cushion

Figure 123 — Automotive seat structure and location of SM and cushion comfort systems
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Cushions and Suspension Mats are suspension structures constituted by bent wires that are
posteriorly over-injected of plastic. However, there are also produced other seat comfort system

products that has the same purpose, but different morphologies, that are represented in Figure
124.

& L L

Figure 124 - Other comfort system products produced: M3M4 SM (left) and IBK lateral support (right)

The project M3M4 is considered an SM, but with the particularity of the bent and over-injected
wires does not have connections between them. In Figure 125, it is demonstrated how this
component is applied in an automotive seat structure.

Figure 125 - Assembly of the project M3M4 SM on an automotive seat structure

The lateral support (Figure 126) has the purpose of supports and regulates the lateral saliences that
exist in some automotive seats. In the Figure 125 it is represented the application of this type of
component in an automotive seat structure.
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Figure 126 - Assembly of the project IBK lateral support on an automotive seat structure

3.4.3.2.3 Introduction to the manufacturing process

The manufacturing process of comfort system products varies according to the project that is being

produced. The different projects can only be produced in certain machines, that has their own

features. Thus, the manufacturing process follows the path 1, 2 or 3, according to the type of

machines that can produce them. These manufacturing process variations are summarized in Figure

127.

@ .| cNCBENDING
" MACHINE
ﬂ STRAIGHTENING/CUTTING _ | BENDING MACHINE FURNACE INJECTION
WIRE MACHINE . (TRANSFER) (IF APPLICABLE) MACHINE

FINAL
PRODUCT

® _| SPECIFIC BENDING

MACHINE

Figure 127 — Different variations of the manufacturing process of comfort system products

Stage 1 — Wire reel

The wire that feeds the different types of straightening, cutting, and bending machines is stored in

reels (Figure 128).
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Figure 128 — Wire reel

The different wires that are used to produce the different comfort system products vary in diameter
(from 1.8 mm to 4.0 mm), in the coating type (galvanized or phosphated) and according to the class
(SM, SH or SL).

These reels need to be placed on an unwinder support through the use of a mobile bridge (Figure
129), transported to the different machines and then placed on the unwinder, allowing to feed the
corresponding bending or cutting/straightening machine.

Figure 129 — New wire reel (left) and wire reel being moved to an unwinder support through a mobile bridge
(middle) and wire reel mounted on the unwinder support (right)

Stage 2 - Wire straightening, cutting and bending process (CNC bending machines)
The different types of CNC bending machines in the F4 module are:

e [atour (two machines);

e Robomagq (six machines);
e Inovmagqg (one machine);
e  Waffios (two machines).
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The output of these machines varies between 600 to 1000 pieces per hour, depending on the
complexity of the wire. Also, these machines are classified as the most flexible as they could
produce the majority of projects. Although these machines have different characteristics, the
manufacturing sequence of the process is similar, and it is represented in Figure 130.

. 4/1 Straightening

Cut

Bending tool

Figure 130 — Wire straightening, bending and cutting process on a CNC bending machine

Initially, the rotary movement of the wire reel unwinder, guides the wire through a set of pulleys,
directing it to the feeding entrance of the machine (Figure 131).

Figure 131 - Unwinder pully (left) and wire entrance in the CNC bending machine (right)

Then, after entering the machine, the wire is then pulled through the movement of a set of traction
wheels, allowing it to pass over several rollers, which straighten the wire. The position of the
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traction wheels is adjusted according to the diameter of the wire, as well as the adjustment of the
straightening rollers allows for greater or smaller traction (Figure 132).

Figure 132 - Straightening rollers (above) and traction wheels (below)

In the next step, the straighten wire is bent by the rotation and translation movement of one or
more bending tools. In Robomag machines, there are two bending heads while in Inovmag, Latour
and Waffios machines there is only one bending head. The existence of two bending heads allows
work in two stages, with both heads performing different bends at the same time. This feature leads
to a shorter cycle time.

As these machines have Computer Numerical Control (CNC) technology, all the parameters could
be pre-programmed. These parameters include lengths, angles, plan inclinations and radius. In
Figure 133 we could see the computer screen of an Inovmaq machine and the different parameters
that could be adjusted for each bend.

Plan xyz
inclination

Radius

Bend sequence

16h3G

Figure 133 — Inovmagq bending parameters configuration
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Also, as the material of the different wires has different elasticities and elastic returns behaviors,
compensations could also be pre-programmed in order to compensate for this effect, as is shown
in Figure 134,

Figure 134 — Elastic return behavior compensation

After the bend sequence is done, the wire is cut by the action of a blade. Both blade and counter
blade must have a similar diameter of the wire that is being cut (Figure 135).

Blade

Counter-blade

Figure 135 - Blade and counter-blade mechanism

Finally, after the wire is cut, it falls for an extraction guide. The operator periodically removes the
wires of the guide, preventing it from being completely occupied, and packs them into containers
(Figure 136).
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Figure 136 - Wire cut on the extraction guide (left) and wire placed in containers (right)

Stage 2 - Wire straightening, cutting and bending process (Specific/dedicated bending machines)
The different types of specific bending machines in the F4 module are:

e Inovmagqg (two machines);
e  MPRO (one machine).

These machines have also CNC technology for the bending operations, but they are dedicated to
specific projects. However, they have a bigger output cadence. The sequence of operations, as well
as their location on the machine, is represented in Figure 137.

Straightening
Posts conformation

Unwinder

[

Figure 137 - Wire straightening, bending and cutting process on a specific/dedicated bending machines

The wire feeding operation, from the unwinder and by the movement of traction wheels, as well as
the straightening operation, performed by the set of different straightening rollers, is similar to the
other CNC bending machines. However, these machines cut the wire before the deformation
operations. The wire is cut by an identical blade and counter-blade mechanism, and the cut length
is adjusted with the support of an adjustment ruler.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT 173

These machines are also called “transfers” because of the bending mechanism. The wire cut
sequentially rotates through a rotary servomotor called “bending head” that performs four
different conformations (bends) in each stage of the rotation (Figure 138).

Figure 138 - Conformation head of an Inovmag machine

After all the deformation operations are done, the wire falls to an extraction guide and the operator
periodically transfers them into containers (Figure 139).

Stage 2 - Wire straightening, cutting and bending process (Combination of straightening/cutting
and bending wire machines)

There are also machines that only perform the wire straightening and cutting operations (Dorca
machines). Then, the cut wire is transferred to specific machines that carry out the deformation
operations (TEC machines). In total, in the F4 module, there are eight TEC machines, two Dorca
machines (1 and 6), that straighten and cut wire for TECs, and three Dorca machines (3, 4 and 5)
that cute wire for assembly lines.
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Straightening and cutting process (Dorca machines)

174

The manufacturing process sequence for the Dorca machines is summarized in Figure 140. These

machines have an average output of 2400 wires per hour.

Unwinder

Straightening
rotating drum

Figure 140 — Wire straightening and cutting process of Dorca machines

The process of wire feeding in Dorca machines is similar to the other flexible and specific bending

machines, with the wire that comes from the unwinder entering in a wire guide (Figure 141).

Figure 141 - Wire entrance guide (Dorca machine)

Then, the wire is pulled by the action of four traction wheels (Figure 142), positioned according to

the wire diameter, and is straightened by a set of straightening rollers placed in a straightening

rotating drum. These rollers are also adjusted in order to give more or less traction.
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Figure 142 - Traction wheels (left) and straightening rollers (right) of a Dorca machine

In the next operation, the wire is cut by the action of a blade and counter-blade pair (Figure 143).
It is necessary to periodically verify if the blade is producing shavings, in order to control the blade
wear.

Counter-blade Blade

Figure 143 - Blade and counter-blade (Dorca machine)

The length of the cut could also be adjusted by the position of a sensor, represented in Figure 144.

Figure 144 — Length of cut sensor (Dorca machine)

After the cut, the wire falls into a drawer and the operator periodically transfers into containers
(Figure 145) to be transported for the machines that perform the deformation process (TECs).
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Figure 145 - Containers with wire straightened and cut in Dorca machines

e Bending process (TEC machines)

After the wire is cut by Dorca 1 and 6, it is deformed in the eight different TEC machines. This type
of machines has an average output of 900 pieces per hour. The manufacturing process of TEC
machines is summarized in Figure 146.

Figure 146 - Manufacturing process of TEC machines

The process starts with the manual introduction of the wires cut by Dorca machines in the feeder
(Figure 147). An average of 150 wires is introduced.
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Figure 147 - Container with wire cut by Dorca machines (left) and wire feeding in TEC machine (right)

Then, a claw grabs the wire and moves it over the different conformation operations in the different
stations (Figure 148).

Claw

Chain

Figure 148 - Mechanism of the claw that grabs the wire from the feeder (Dorca machine)

With the movement of the chain, the claw with the wire moves from station to station and all
deformation operations are carried out. As an example, the layout of TEC 5, as well as the first three
bending stations (right side), are represented in Figure 149.
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T—-TWEEZERS
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Figure 149 - Layout of TEC 5 (above) and initial bending stations (below)

The different conformation operations are made with the help of tweezers, distributed by the
different bending stations. These tweezers rotate, bending the wire with specific radius and angles.
In Figure 150 it is represented the tweezer 12 of TEC5 (bending station 1, right side) and an example
of all the deformation operations realized in a specific wire as well as the bending stations that

perform them.

S6 LEFT

S7 LEFT

s ST RIGHT

SLLEFT 4 1EFT sgRIGHT ssrigHT 52 RIGHT

S1 RIGHT

Figure 150 - Bending location of a wire produced in TEC5 (above) and tweezer of 12 (below)
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At the end of the deformation operations, an extraction claw grabs the conformed wire and places
them into an extraction guide (Figure 151).

Extraction guide Extraction claw

Figure 151 - Extraction claw and extraction guide of TEC 5

As in other bending machines, the operator periodically transfers the wires conformed of the

extraction guide into containers that will proceed to the furnace or plastic injection operation
(Figure 152).

Figure 152 - Conformed wires on the extraction guide of a Dorca machine (left) and on containers to proceed for the
next operation (right)

Stage 3 - Heat treatment

Depending on the project that is being produced, some wires need to undergo a heat treatment
before the plastic injection operation, in order to relieve internal stresses. The wires, disposed of in
boxes with 60 wires each, enter in the electrical furnace and last for a period of 15 minutes at a
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temperature range between 275°C and 300°C. After exiting the furnace, the wires cool down
through the use of fans, before the operator grabs them (Figure 153).

Figure 153 - Entrance of conformed wires in furnace (left) and cooling operation after the heat treatment (right)

In Figure 154 is resumed this heat treatment process.

Cooling

[ Flow >

Figure 154 — Heat treatment process

Stage 4 - Plastic injection

The injection sector of the comfort systems of Fico Cables is constituted by 22 plastic injection
machines. Regarding the manufacturing layout, 20 of the 22 machines are disposed in two rows of
10 machines, separated by a central corridor, arranged two by two, and positioned frontally
forming a manufacturing cell. The other two machines are placed in the wire conformation sector.
The view of this sector is shown as well in Figure 155.

Figure 155 — Injection sector of the F4 module
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The injection molds developed for the manufacture of comfort systems are composed of a mold
and a half. This means two lower bushes that are fixed to a sliding table and an upper bushing fixed
to the head of the injector, where the spindle is located. This mechanism is represented in Figure
156, as well as an example of the type of injection machines used in this sector. The existent plastic
injection machines are considered highly flexible, as almost all of them could receive every mold.

Figure 156 - Type of injection machine used for comfort systems manufacture (left) and constitution of the molds
used (right)

The plastic injection process starts with the operator introducing the conformed wires into the
corresponding cavities of one of the mold lower bushes (Figure 157). Then, the sliding table moves
the lower bush to the head of the injector and the injection operation, by itself, starts. The average
cycle time of this operation is between 20 and 25 seconds, with an operating temperature of around
300 °C. The raw material used for the injection is Polypropylene (PP), Polyoxymethylene (POM) or
fiberglass, depending on the project that is being produced. For some cases where the plastic zone
of the comfort system product is black, it is also used as a pigment.

Figure 157 - Operator placing conformed wires in the mold (left), injection operation occurring (middle) and product
after injection operation (right)
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Once the injection operation is completed, an automatic extractor removes the comfort system
products from the mold and places them into a conveyor. In the next stage of the process, after the
quality control, the operator manually places them into packaging boxes containing 100 final
products each.

3.4.3.3 Measure stage

In this stage of the DMAIC cycle, it was analyzed the global scrap data of 2017, in order to identify
the module and area of the factory that produces the higher value of scrap. Further, it was also
created a specific data collection plan with the aim to identify which equipment, shift, type of scrap
and adjustment operator (in the case that it was a setup that causes the production of scrap) that
contributes more to the value of scrap.

3.4.3.3.1 Observation and data collection

In an initial stage of analysis, with the global values of 2017 (Figure 158), it was identified the
module that contributes more to the overall scrap. The module F4 contributes 31% of the total
scrap cost and, for this module, the wire bending submodule represents the biggest stake with
almost 59%.

Distribution of scrap cost (2017) per module Distribution of scrap cost (2017) per sub-module (F4)
35,0% 70,0%
3L0% 58,8%
30,0% 28,2% 50,0% -
25,0% 50,0%
20,0% 17,8% 40,0% 36,0%
15,0% 13,3% 30,0%
10,0% 6.9% 20,0%
5,0% 2,7% 10,0% 5,3%
00% 0,0%
0.0% | 0.0% —
F4 F2 F3 F1 F5  OTHERS PROTOS INDUST F4CA F4INJ F4LM

Figure 158 - Distribution of scrap cost per module (left) and distribution of scrap cost per F4 submodule (right)

According to the top-20 references for scrap, the bending wires area of F4 module represents 34%
of the total scrap of 2017, that traduces on 69 511€ of scrap cost (Figure 159).

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT

183

80000€

70000€

60000€

50000€

40000€

30000€

20000€

10000€

F2 INJ

F3 LM

Top-20 references of scrap distribution per sub-module

F2LM F4INJ

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Figure 159 — Top-20 references that contribute to scrap cost per sub-module

After identified the sub-module where there was a major stake in scrap cost, it was necessary to
identify which equipment produces a major number of scrap. Compiling the information of scrap
present on the respective containers of each equipment, it was possible to identify that the
Tecnogial equipment represents more than 25% of the total scrap value of the wire bending sub-
module of F4. The combination of the Tecnogial equipment and Dorcas, that supply them,

represents around 41% (Figure 160).

Quantity of scrap (Kg) per equipment
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Figure 160 - Quantity (left) and percentage (right) of scrap per equipment
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After identified the equipment that causes the major amount of scrap, it was necessary to undergo
an accurate and complete data collection plan in order to reach the root causes of the scrap
production in them. The previous existent formats of scrap report did not allow to have information
as:

e Type of defect;

e Shift;

e Adjustment operator;

e The quantity of scrap over the shift (it was reported all the scrap at the end of the shift).

For this, it was necessary to create a data collection plan with the reformulation of existing formats
and the creation of new ones, according to the CTQs previously defined for the project. The data
collection plan that was created is defined in Table 66.

Table 66 - Parameters of data collection plan implemented

Data collection plan parameter Description
What Weight of scrap (kg)
How The quantity of scrap placed on the container
Time From January 2018 until the final of the project
Frequency Every day

The different segmentation factors identified and included for this data collection plan are
represented in Table 67.

Table 67 - Segmentation factors of the data collection plan

Segmentation factor No. Description

Equipment
Shift
Adjustment operator

Type of defect

NN W|IN|[R

Raw material traction effort

In order to create a new scrap report sheet template, it was necessary to understand the sources
of scrap and the variables associated with the equipment previously identified (Figure 161).
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Adjustement

Scrap on wire
cutting/straightening/
bending process (F4)

Non-conforming
product

185

Setup

Adjustment along the production process

Straightening NOK (Dorca)

Lenght NOK (Dorca)

Hooks NOK (Tecnogial)

Bends NOK (Tecnogial)

Profile NOK (Tecnogial)

Control on the heat treatment and/or mold NOK
(Tecnogial)

Figure 161 -Types of scrap sources and variables associated with the Tecnologial and Dorca equipment

In Figure 162, it is presented an example of scrap report using the created scrap sheet template. In
the first row, on the February 19th and during the 2nd shift, at 21:00, Dorca 1 has produced 3.280
kg of scrap by adjustments and 0.800 kg by the straightening process, for the wire with the
reference AR1302W2. In the second row, it was reported instead 0.500 kg of scrap by setup and

0.200 kg by non-conforming length.

Dia Hora L . A|B|C Causa/Quantidade (Kg)
Descrigéo do Equipamento AFNACAG e e
BNC OUTROS
(dd-Mmm) | (00:00) / Ref. Arame (0k)| (k)| (ok) isr::ll Endireitamento Comprimento (nr BNC+Quant) (colocar comentario)
19-Fev | 21:00 |Dorcal| ref. AR1302W2 3,280 Kg 0,800 Kg Afinagéo
19-Fev 05:00 |[Dorca 3|ref. AR13180E00 0,500 Kg 0,200 Kg Setup

Figure 162 — Example of scrap report using the scrap sheet template

This initial data collection allowed to identify which equipment contributed more to the quantity of

scrap produced, as it is visible in Figure 163. This data refers to the period between the beginning

of January and the end of April.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY



CASE STUDY DEVELOPMENT

186

16%
14%
12%
10%
8%
6%
4%
2%
0%

% Kg Scrap/Kg Production per equipment

LBT
TEC 1
TEC 8

8 [42] — [¥=] [} E
[&] <L <L [S]
o T
a = = = = =
o) o] o
[m] [m)]

Figure 163 - Distribution of the ratio of scrap produced/quantity produced by equipment

The LBT, Tecnogial 1 and 8 are the equipment with a bigger ratio between the amount of scrap
produced and the total quantity produced (Figure 163). The LBT stands out with a much higher
percentage than the other equipment. This percentage allows visualizing a more real and accurate

scenario in terms of scrap production, as it extrapolates the difference in quantity produced
between the different equipment.

However, in terms of the total amount of scrap produced, the Tecnogial 8 and the LBT are the

equipment that produces the higher quantity of scrap (in kg) (Figure 164).
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Figure 164 -Distribution of quantity of scrap produced by equipment
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In terms of distribution per shift, the shift 1 and 2 are similar while the third shift has the smaller
quantity of scrap per the total amount of scrap produced (Figure 165).

% Kg Scrap/Kg Production per shift

SHIFT 1 SHIFT 2 SHIFT 3

Figure 165 - Distribution of the ratio of scrap produced/quantity produced by the shift

In terms of distribution of the results, the first and the second shift has a higher dispersion, with a
lot of outlier values, while in the third shift the dispersion is fewer, as it could be seen in Figure 166.
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Figure 166 — Boxplot with distribution of the ratio of scrap produced/quantity produced by shift

According to the scrap source, it was made a box plot graph in order to understand the distribution
and dispersion of data for each source. In terms of breakdowns, BNCs, maintenance interventions,
and heat treatment, the values could be disregarded as they represent one-off situations (Figure
167).

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT

188

70,0%
L 600% x "
S * -
T 50,0%
3 x .
£
10,
> a00%
= : *
® 30,0%
5 S
wv
S 20,0%
5 * %
X 10,0% | % Y
— ¥*
0,0% = —
AF AV BNC D G MNT P N

Figure 167 - Boxplot with distribution of ratio of scrap produced/quantity produced by source of scrap

The evolution of the data related to the percentage of the ratio between the amount of scrap
produced and the total quantity produced is visible in the control chart present in Figure 168. There
is a high amount of values above the upper control limit, that is automatically calculated according
to the mean (a distance of 30 from the mean). This control chart shows that the process is not

systematic over the time.
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Figure 168 — Control chart with evolution of ratio of scrap produced/quantity produced

Dividing by the equipment that has a bigger contribution for the amount of scrap, and starting by
Dorcas (1 and 6), the distribution of ratio between the amount of scrap produced and the total
quantity produced is similar in all shifts (but there is a bigger number of reports for the first shift).
Also, between the Dorca 1 and 6, the distribution of data is also similar, with the exception of the

outlier for Dorca 1 (Figure 169).
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Figure 169 - Boxplot of Dorca equipment ratio of scrap produced/quantity produced by shift (left) and by each

equipment (right)

For the Tecnogial 8 equipment, the first shift stands out with a lower performance than the others.
In terms of sources for the scrap, the main cause is during the adjustment operations, as it could

be seen in Figure 170.
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Figure 170 - Boxplot with Tecnogial 8 distribution of ratio of scrap produced/quantity produced by shift (left) and

by source (right)

On the LBT equipment, the performance per shift is lower on the second shift, in terms of average
values of the ratio between the amount of scrap produced and the total quantity produced. The
second shift has also a bigger dispersion of values and higher outliers. In terms of the source of
scrap, the adjustment operations are also the major one, but in this equipment, the hooks and

bends NOK appear closer (Figure 171).
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Figure 171 - Boxplot with LBT distribution of the ratio of scrap produced/quantity produced by shift (left) and by source
(right)

For the Tecnogial 1 equipment, the data collected do not show a major difference between the
different shifts (as visible in the Figure 172). Also, in terms of the source for the production of scrap,
the adjustment operation represents the major one and the hooks NOK appear again closer to the

main source.
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Figure 172 - Boxplot with Tecnogial 1 distribution of ratio of scrap produced/quantity produced by shift (left) and by
source (right)

With this data collected during the Measure stage of the DMAIC cycle it was possible to
undergo the necessary analysis about the factors and the root causes that causes the

excessive amount of scrap verified.
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3.4.3.4 Analyse stage

The initial data collection process allowed to identify the most critical equipment in terms of
guantity of scrap produced and in terms of the ratio between the scrap produced versus the total
quantity produced. The most critical equipment that was identified, in terms of the percentage of
scrap per quantity produced, was the LBT and the Tecnogial 1 and 8. Also, the most frequent source
of scrap that was identified is during the adjustment process.

In order to reduce this type of scrap, it was carried out brainstorming sessions with the support of
the six sigma team members and operators/adjustment operators specialized in the respective
equipment. These brainstorm sessions had the aim to reach the root causes through Ishikawa and
5 Why’s 2 How're technique (activity checklist with 5W — what, why, where, when and why — 2H —
how and how much). For the root causes that were identified, it was further defined improvement
actions plans for each equipment.

LBT equipment

The equipment LBT was the second major responsible for the scrap production among every
equipment of the type Tecnogial and Dorca and related to the period between January and April of
2018, with 748 kg of scrap. This value corresponds to 15% of the total quantity produced of this
equipment and for the same period, being the machine with the highest ratio quantity of
scrap/quantity of production. The major scrap cause in this equipment is during the adjustment
and setup operations by the adjustment operator, with 42.7%.

In Table 68 is represented the respective definition of the scrap problem on the LBT equipment
with the help of the 5W2H technique.

Table 68 —a 5W2H technique to define the scrap problem on the LBT equipment

5W2H Description
What? % of kg Scrap/kg Produced and kg Scrap elevated
Where? LBT equipment
Who? Adjustment operator
When? Data between January and April 2018
A major contributor for the % of scrap of the total
Why? quantity produced on wire straightening/bending
process
How? During adjustment/setup operations
How much? 15% of scrap/quantity produced; 748 kg of scrap

In Figure 173, it is represented the developed Ishikawa diagram for this equipment, with the major
root causes for the defined problem.
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Figure 173 - Ishikawa diagram related to the scrap produced during the adjustment process on the LBT equipment
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Tecnogial 8 equipment

For the same period of data collection, the Tecnogial 8 equipment represents the second biggest
contributor in terms of percentage/ratio of scrap produced of the total quantity produced with
about 6% (alongside with the Tecnogial 1 equipment), but it is the major contributor in terms of kg
of scrap produced, with 778 kg. The major cause identified for the scrap production in this
equipment was the adjustment process/setup performed by the correspondent adjustment
operator.

In Table 69 is represented the respective definition of the scrap problem on the Tecnogial 8
equipment with the help of the 5W2H technique.

Table 69 - a 5W2H technique to define the scrap problem on the Tecnogial 8 equipment

5W2H Description

What? % of kg Scrap/kg Produced and kg Scrap elevated

Where? Tecnogial 8 equipment

Who? Adjustment operator

When? Data between January and April 2018
Why? A major.contrib.utor ff)r the qufamtity of scrap on

wire straightening/bending process
How? During adjustment/setup operations
How much? 6% of scrap/quantity produced; 778 kg of scrap

The respective root causes identified for the defined problem and related to the Tecnogial 8
equipment are represented in the Ishikawa diagram presented in the Figure 174.

The unclear adjustment procedures, the quality acceptance criteria, the ineffective number of
setups needed as well as the degradation of some key components and tools of the Tecnogial 8
equipment represents the biggest root causes for the excessive production of scrap in this
equipment.
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Figure 174 - Ishikawa diagram related to the scrap produced during the adjustment process on the Tecnogial 8 equipment
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3.4.3.5 Improve stage

With the support of the data collection plan that was implemented, the experience of workers as
operators, adjustment operators, the maintenance team, the processes team and the F4
production director and based on the developed Ishikawa’s, it was possible to define improvement
actions with the aim to reach the main goal of this project: reduce the quantity of scrap on the
comfort systems module.

3.4.3.5.1 Definition of improvement actions

Based on the developed Ishikawa diagrams for the equipment and on the 6M method for cause and
effect analysis (Manpower, Machinery, Materials, Method, Mother-nature, Measurement), that is
frequently used on six sigma projects, it was possible to identify the elements that contribute to
the variation in the process, there was defined a set of improvement actions. These improvement
actions were also added by knowledge of the area and by the contribution of workers, maintenance
team, quality control team, and production direction team.

LBT equipment

Table 70 -Potential causes for scrap production on the adjustment process and respective Improvement actions defined
(LBT)

6 Ms # Potential cause Improvement Action

Complex adjustment process and with Replacement of tools to allow a faster
1 differences depending on the adjustment setup and creation of detailed and
Method operator that performs it. precise setup instruction.

Equipment parameters not defined or Define all equipment parameters after
incorrectly defined. implement improvement actions.

The difficulty with the adjustment process To be realized on the second phase of
3 (rotation tweezers of workstation 1 and 2; intervention (depends on the

“zero” of the equipment). implementation of improved tools).
4 Degradation tools: presser, sticks, Replace tables, pressers, pins, bend
workstation, pins and wire guide. tools, and wire guides.
Machine 5  Deficient workstations fixation. Repair old workstation welding’s.

Replace parameters and equipment

6 Damaged controller.
movements controller.

Change the location of support
documentation and the production
board.

Inexistence of visibility for the interior of the
machine.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT

196

Tecnogial 8

The improvement actions defined for this equipment were also based on the respective Ishikawa

diagram and they are summarized in Table 71.

Table 71 - Potential causes for scrap production on the adjustment process and respective Improvement actions

defined (Tecnogial 8)

6 Ms # Potential cause

Improvement Action

Lack of visualization of scrap on this

Measure 1 equipment by type of defect.

Divide scrap containers according to the
type of defect.

Adjustment process requires the change of

Meth 2 .
ethod all workstations.

Budget approval to “lock the center of
the equipment” and to change the
headers.

Degradated tools of the transfer
Machinery 3 mechanism: cars; tweezers; springs; chains;
rolls; bushings.

Evaluate tools replacement.

Dorca 1 and 6

Table 72 - Potential causes for scrap production on the adjustment process and respective Improvement actions

defined (Dorca 1 and 6)

6 Ms # Potential cause

Improvement Action

Inexistence of enough data stratification

Measure 1
reported.

Introduction of the data collection plan
for Dorca 1 and 6.

Adjustment process requires the change of

Budget approval to “lock the center of
the equipment” and to change the
headers.

Introduction of a control workstation
next to Dorca equipment.

Definition of a visual method of
production planning  for  Dorca
equipment by shift.

2 all workstations.
3 Inherent variation of the process in this
equipment is not controlled.
Method 4 Setup times increased by lack of information
about Dorcas planning.
5 Stoppage for adjustment in the change of

shift.

Definition as a standard procedure to
perform cleaning operations on Dorca
equipment only at the end of the wire
reel.
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3.4.3.5.2 Implementation of improvement actions defined

LBT equipment

Replace tables, pressers, pins, bend tools, and wire quide

On the equipment with the highest ratio in terms of quantity of scrap produced by the quantity of
production, it was crucial to carry out a deeper intervention in order to reduce the values of the
scrap. All the stations were intervened, modifying the bend tools, wire guides, pressers, and pins.

Figure 175 - LBT old stations after being removed

In Figure 176, it is visible the old combination of bend tools and wire guide as well as the new one.
This new wire guides allows to improve the fixation of the wire and prevents it to move with small
punches and jams on the machine, resulting in necessities of adjustment interventions.

Table

Bend tool

Wire

Figure 176 - Main intervention on the LBT stations
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Change the location of support documentation and the production board

It was visible that an excessive quantity of documents was all over the walls of the LBT equipment.
This did not to properly visualize for the interior of the equipment, being necessary to stop the
equipment and open the gates in order to verify any kind of situation. The previous scenario of the
equipment is represented in Figure 177.

Figure 177 - Excessive quantity of information on the sides of LBT equipment

After removing all the documentation, it was then adapted an old support to place the production
board and to store the removed documentation. This support was placed alongside the LBT
equipment and every document space was properly identified in order to keep documents
organized and easily consulted (Figure 178).

Tecnogial - Conforto - Arame Conformado
Insinic8o do Posto do Trabaiho. 100

Figure 178 - New document organization (LBT equipment)

Once the sides of the LBT equipment was cleared it was possible to easily visualize and control the
operation of the equipment without needing to stop it and open the gates (Figure 179).

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT 199

Figure 179 - LBT equipment after removing the excessive documentation

Dorca equipment

Introduction of the data collection plan for Dorca 1 and 6

It was created new templates for scrap reporting to could visualize more information about the
scrap on this equipment. It gives visibility about the equipment where the scrap was produced, the
reference of the wire, the source of scrap (adjustment, breakdown, setup), the cause (cut or
straightening) and the corresponding weight. The template of this scrap report is represented in
Figure 180.

Contentor N° : A= Parar g analisar, B= Usar licAo aprendida; C= Confirmar eficicia “Trem"” de recolha por turno

Dia Hora Descrigao do A|lB|C Causa / Quantidade (Kg) Team L. | Superv. |Dir.Prod.

Equipamento / Ref. AFINECEOF FROOUGAD PROOUGAD ENC ouTROS

Arame (0k)|(ok) |(ok) i?ﬂ“ﬂ?’; Encirsitsments Comprimenta (MEME+Qusne] | feolocsr comentic]

{dd-Mmm) | (00:00) (ribr) | (ibr) | (br)

Dorca 1 |ref.

Dorca 3 |ref.

Dorca 4 |ref.

Dorca 5 |ref.

Dorca 6 |ref.

Dorca 7 |ref.

Figure 180 - Scrap report for Dorca equipment

Definition of a visual method of production planning for Dorca equipment by the shift

Through the observation of different setups, it was visible that the adjustment operator spends too
much time identifying the next wire reference to be straightened/cut on the respective Dorca
equipment. It was necessary for the team leader to verify the existent quantity in stock, in a number
of boxes available, of each straightened/cut wire reference in order to verify which ones are the
most necessary to produce. This was caused because there are no production planning for this type
of equipment, as there are for Tecnogial equipment, for example.

To reduce this setup time and to have a better management of stock on Dorca equipment, it was
designed a board to be placed next to this equipment area, allowing to easily visualize the actual
stock, as well as the corresponding minimum and maximum allowed, for each wire reference. Also,
the responsible for each Dorca equipment could fill the bottom of the board with the reference(s)
that will be produced in the present shift.
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As the main cause for the scrap production is the adjustment process it is vital to only perform
setups when it is really needed and to take the most advantage of the current configuration. This
board allows to easily visualize the present needs in order to perform the minimum setups needed
and to minimize the effect of the inexistence of production planning for this equipment.

The respective board template and its presence on the production floor are represented in Figure
181.
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Figure 181 — Dorca equipment stock management board template (left) and presence on the gemba (right)

Definition as a standard procedure to perform cleaning operations on Dorca equipment only at the

end of the wire reel

It was verified that, at the end of every shift, was made a stoppage for cleaning operations included
in the first maintenance level program. These cleaning operations are carried out in the rotating
drum and straightening rollers but there is no necessity to clean these components every eight
hours. Also, with the increase in the number of interventions on the equipment, there is a bigger
risk to produce scrap as a result of unnecessary operations.

So, it was defined as a standard that these cleaning operations on these components must only be
performed at the process of changing the wire reel, except if it is detected any unconformity in the
control operations by the operator, as for example the validation of quality conformity for the first
unit produced or other auto controls. This information was placed next to the equipment in order
to be visible for every operator (Figure 182).
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Figure 182 - Cleaning operations standard for Dorca equipment

Introduction of a control workstation next to Dorca equipment

One situation that was verified is that straightened/cut wire batches from different Dorca
equipment (1 and 6) and even from the same Dorca equipment has different characteristics. This is
caused by the inherent variation of the process in this equipment.

In order to minimize this effect and to prevent an excessive quantity of NOK wires to be produced,
it was implemented a control workstation next to this equipment, as represented in Figure 183.

Figure 183 - Control workstation for Dorca equipment

In this equipment are performed two control operations: wire gauge control and wire bend
validation, which are carried out to support the validation of quality conformity for the first unit
produced.
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In the wire gauge validation, the wire is introduced in the respective gauge (according to the
thickness of the wire) and it needs to fall through the gauge in order to validate the correct
straightening operation (Figure 184). If this situation does not happen, the adjustment of the
respective Dorca equipment needs to be rectified.

Figure 184 — Gauge for straightening validation

For the wire bending validation (Figure 185), it is performed a bend operation in the straightened
wire and it is verified if it fits in the jig groove without any type of effort. This control is made with
the aim to verify the respective mechanical characteristics of the raw wire and if the adjustment

parameters are properly configured.

Figure 185 - Wire bending tool of the control workstation (left) and wire bend jig (right)
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Tecnogial equipment

Divide scrap containers according to the type of defect

For the creation of the data collection plan, it was identified that, on Tecnogial equipment, the scrap
produced was not being separated according to the type of defect detected during the production.
Because this information was not being collected it could not also be reported and, more important,
be analyzed for future projects and problem-solving purposes.

With the aim to solve this problem, the existent scrap containers were divided into compartments
for each major possible types of defects:

e Hooks NOK;
e Bends NOK;
e Profiles NOK.

The respective scrap containers with the specific compartments according to the type of defect are
represented in Figure 186.

Figure 186 - Scrap container before (left) and after implementation of compartments according to the type of defect
(right)

Most of the improvements actions that were planned for this project were not finished by the end
of the internship. These actions were related mostly to the purchasing of new tools for replacement
and represent the most important interventions and improvements that will allow reproducing the
desired results in terms of the scrap produced.
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3.4.3.6 Control stage

The LBT was one of most critical equipment regarding the scrap production, being the one with the
highest percentage of the quantity of scrap per quantity of production (kilograms) and the second
most representative in terms of kilograms of scrap produced.

Also, in terms of improvement actions completed, the LBT was the equipment that could receive
the most complete and deep intervention, with an higher number of actions, replacing the most
important tools.

In Figure 187, it is represented a control chart regarding the variable quantity of scrap produced per
quantity of production. After completing this main intervention, on August 3rd, it is visible that the
values have a lower dispersion between them, comparing to the period before the intervention
where it is visible a bigger variety of values.

The control limits are tighter for the correspondent period after the intervention, that has an
average value of 4.9%, with the superior moving from 23.8% to 16.0% and the inferior from -8.9%
t0 -6.1%.
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60,0% - 1 . '
1
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1 1
1
30,0% T ! )
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Figure 187 - Control chart of quantity of scrap per quantity produced (LBT)

However, the modifications that were made change the daily work of the adjustment operators,
that have to adapt themselves and be comfortable with such modifications in order to get the best
results.

3.4.4 Critical analysis of results

Since the start of the project, at the beginning of 2018, the scrap cost value per month has been
gradually reducing, as it is visible in Figure 188.
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Evolution of scrap cost (€) F4
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Figure 188 - Evolution of scrap cost (€) during the beginning of the project
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In terms of equipment, for the LBT equipment, where it was implemented the major improvement
actions, it is already visible a positive effect. This equipment was identified as the top producer of
scrap for the first four months of the year. In the weeks before the intervention, it was produced
between 40 and 60 kg of scrap per week, representing, on average, about 15% of the production.
After two weeks of the intervention of this equipment, it was noticed that the defined
improvements allowed to reduce the quantity of scrap produced for values between 25 and 35 kg,
on the first four weeks of activity (Figure 189).

It is common that this value reduces in the month of August due to the diminution of demand.
However, it is visible that, in relation to the quantity produced, the amount of scrap represents a
lower portion, confirming that the implemented modifications led us to expectable results.

Weekly evolution of scrap on LBT equipment
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Figure 189 - Weekly evolution of scrap on LBT equipment

Relating to the Dorca 1 and 6, the implementation of the improvement actions with a focus on
reducing the number of unnecessary interventions, promoted some positive results, as visible in
Figure 190. For Dorca 1, values of scrap quantity of around 160 kg starting to become closer of the
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140 kg, as well as on the Dorca 6 equipment where it was produced about 150 kg per month of
scrap and now it is visible values close to 140 kg.

In the month of August, it was produced less quantity of comfort systems due to the diminution of
the demand, resulting in less quantity of scrap produced.

Weekly evolution of scrap on Dorca 1 and 6 equipments
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Figure 190 - Weekly evolution of scrap on Dorca 1 and 6 equipment

A summary of the different stages of the development of this project are summarized in the Table
73.

Table 73 — Description of the different stages of the six-sigma project

Period Description of stage

Analyse of existent data in order to define the

January 2018 project.

Implementation of a specific data collection plan
January — April 2018 regarding the type of source related to the
quantity of scrap reported

Analyse of the data collected and discussion with

April 201 .
pril 2018 team about the possible scrap sources
May 2018 Definition of mproygment a.ctlons plans for the
most critical equipments
June 2018 Submitted budget proposals to the administration
Budget proposals subject to approval from
June 2018 —July 2018 administration.

(End of the internship period) Implementation of some of the defined

improvement actions.
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3.4.5 Future improvements

Although it is visible some positive results and impact of the improvement actions implemented,
the major improvements that were defined were not already implemented due to budgets pending
of approval. Major improvements that will be carried out on Dorca 1, Dorca 6 and Tecnogial 8 are
summarized in Table 74. It is expected that these improvements, which are focused on critical

points of the corresponding equipment would allow achieving the results pretended for this
project.

Table 74 - Future improvement actions defined

Equipment Improvement action

Dorca 1 Replacement of traction wheels

Dorca 1 Complete maintenance

Dorca 6 Complete maintenance

Dorca 6 The conception of new straightening block allowing a faster setup
Tecnogial 8 Budget approval to “lock the center of the equipment” and to change the headers.
Tecnogial 8 Substitution of components: tweezers and chain.

LBT Replace parameters and equipment movements controller.

Replacement of tools to allow a faster setup and creation of detailed and precise setup
instruction.

LBT

LBT Repair old welding’s workstation.

This improvement actions was discussed with the correspondent departments of Fico
Cables in order to assure that this actions are properly listed with a responsible for their
execution as well as an expected deadline to have the action completed.

It was also reinforced to the administration the importance of the approval of some budget
proposals to the expected gains in terms of reduction of scrap.
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3.5 Casestudyno.3

3.5.1 Characterization of the problem

With the development of the previous case studies, it was verified and recognized the importance
to, continuously and accurately, monitor the different Key Performance Indicators (KPI) used on
Fico Cables. This monitoring process allows to identify improvement opportunities as well as detect
where the problems are located and concentrate efforts in that/those areas. It is also important to
understand and visualize their historical evolution as well as check if the expected results are being
achieved.

Fico Cables uses an A3 model to follow the evolution of the most important KPIs used in production
management. However, it was identified that the different workers responsible to manage these
documents spends too much time updating them (non-value added), instead of use that time to
analyze the real problems. Also, as the update process of these documents is manual, it is frequently
and relatively easy to introduce errors when the data is being updated. Another important factor
that was identified is that the current A3 methodology concentrates too much information in just
one A3 sheet, making it difficult to visualize problems for the different workers that are analyzing
it.

The most important KPIs used on Fico Cables, for production management, and that this case study
is focused are:

e Direct Labour Deviation (MOD);

e OEE;
e Scrap;
e Availability.

As this methodology could be applied for the entire organization, it is important to have a universal
format and have the possibility to co-relate information easily. Currently, the different A3 sheets
applied are not interconnected. For example, A3 sheets do not present data update intervals, data
stratification, improvement actions and their impact on the global panorama, among other factors
that will be further described.

An example of a previous A3 sheet (KPI: MOD deviation, in terms of number of people) is
represented in Figure 191.
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Figure 191 - Previous A3 model used for the MOD deviation KPI
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Another method that is used on Fico Cables to analyze and follow the different KPIs is an application
created by the DSI department called War Room. This application resumes different KPIs in a
window view and it is one of the key tools used in the one-hour daily meeting that realizes in the
center of gemba. However, this application has some limitations as for example:

e Only allows to visualize data with a time window of one day;
e Data on a specific day is only updated during the next day and then “freezes”;
e |t does not allow to agglomerate data of different submodules.

An example of the War Room view related to the OEE KPI and for a specific day and a specific
module is represented in Figure 192. On the right side of the window is visible the detail of the
equipment with the higher and lower OEE.

Info Departmento: F1 9 - # Total Horas Trabalhadas: 268.15h £8 2018-06-01 A
(o] [:] OEE =] RGR @ S [0} £ PESSOAS | ©
88x 88« 7% 87x 35 41 (0] (0]
GLOBAL: @ 74x /f49% OBAL: © 159% /8 16 - [ GLOBAL: O@70 GLOBAL: oo0/880
|nf,  Tumo OEE Materiais i Info
Linha/Maq Outros  N/A
® Mes PX T px  Dia  Amedor MM Afn.  AvMolde  AvMag  Falta  Qual mM R
.
et | g0 2008)] a0, (0] 0 | @i, | e | 3 . LPLANETARIAS
R~ CIECEE RN S 2. Ext. Revest. EXS0586
3 0o 9550 9340 so
PLANETARIAS 9I0 40 230 1 00 7550 740 E1 3. Ext. Revest. [XP0007r
EXPO0OSF 2 0o msm
s o o om [ Piores ]
FABPUANETARIA 8100 3780 170 1 00 8300 4670 151 sof1) 4. Plant. Esp. malha aco 745
EXP_00009F 2 0o 60.20 20 om
3 00 9990 050 o o 5. PLANETARIAS
BoMowo 0w 0 o0 1 0 o
FORNECEDORES 1 0 om 6. EI-ZK SIMPLES
2 P08 |5 reseaneracn ([
Fnimt w7 e a0 1 s wm  we  som ot
i 1 e mm w 8. Fab.Espl Chinesas
s os  mse  sme  om o o
e B W W8 4| w e | me
e 2 o om  ws
s o ow  sm
FaEmcm 10 M1 o0 1 00 o  wm
T 1 o s ne
T na nen o8 a0 N
< >
Yoo “ wan  ase aen 23m wn  sasn

F2-LM || F2-EIL F2-Inj F2-EIP | ‘ F2-Sb ‘ F3-El F3-GS ‘ F4-CA ‘ ‘ F4-Inj F4-LM F5 FS-Ef || INDUST || PROTOS VNAS OUTROS COMPV | Alrerar Diaj

Figure 192 — Example of a War Room view

3.5.2 Requirements to comply

As it was mentioned before, the most important KPIs that are used for production management on
Fico Cables are MOD deviation, OEE, and Scrap. These indicators, with the addition of the
availability, were also the ones used to apply the new A3 methodology approached in this case
study. Below, it is described in what consists each of these KPIs and their application to Fico Cables
production management approach.
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Direct Labour Deviation — MOD

As Fico Cables follow a labor-intensive model and has an elevated number of operators, this KPI is
important because it measures the difference between the real number of operators that was
working in a specific assembly line or machine and the theoretical number of workers that was
necessary to produce the reported quantity of conforming units, according to production rate
previously established. This deviation is also measured considering a certain OEE value included in
the budget. This indicator allows measure inefficiencies in terms of a number of people in the
different assembly lines/machines and to better manage where people are working avoiding their
stoppage when a certain assembly line or equipment is not working.

According to the different types of labor, the way to calculate this indicator is also different. In Fico
Cables, there are operators that work in assembly lines, operators that work in machines and
operators that perform non-value-added, but necessary, operations (VNA).

Also, it is necessary to divide the number of hours for 7.75 hours (number of hours worked per
shift) in order to get the number of workers.

MOD calculation for operators that work in assembly lines:

Y. number of theorical hours

MOD = Z ber of h ted — X Rati
number of hours reporte OEE considererd on budget atto (5)

Y. conforming units produced

E Production rate .
MOD = number of hours reported — X Ratio
f p OEE considererd on budget

In the case of assembly lines, there is always a ratio of one operator for one machine.

MOD calculation for operators that work in machines:

For machines, the calculation method is similar, but with the difference that the ratio is different.
In this case, we could have more than one operator per machine (ratio operator/machine below 1)
or less than one operator per machine (ratio operator/machine above 1).

MOD calculation for non-value-added operators (VNA):

In Fico Cables, there are a certain number of workers that perform non-value-added, but necessary
operations. These operators are considered a direct inefficiency and the main purpose is to
minimize this number. The different types of VNA existent on Fico Cables described in Table 75.
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Table 75 -Different types of non-value-added workers (VNAs)

Type of non-value-added operator Description

Workers that are analyzing different problems and defects

Non-conformin lletin (BNC . .
on-conforming bulletin ( ) that result in a non-conforming report.

Workers that are executing quality walls due to a customer

Qcr client.

Workers that are executing quality walls due to the initial stage

S0P of a project.

Workers responsible for setups or other necessary second
level interventions.

Workers that are occupied in other planned stoppages
(example: training, plenaries, medical, exams, among other)

Adjustment operators

Planning stoppages

The way to calculate MOD deviation for this type of workers is also different. Instead of a theoretical
number of hours, there is established in the budget a certain number of this non-valued-added
workers.

MOD = Z number of hours reported — z number of VNAs on budget (6)

Overall Equipment Effectiveness (OEE)

This indicator is divided into three different components: Quality (Q), Performance (Pf) and
Availability (Av). It is calculated for each assembly line or machine, as well as an entire sub-module,
module or the entire factory. The calculation of the different OEE components is described above:

Quality (Q):

This parameter reflects the number of conforming units in relation to overall production. However,
this percentage does not represent the overall quality ratio of Fico Cables. It only demonstrates the
number of final products that are classified as non-conforming and does not represent the overall
value of scrap of the entire manufacturing process. In order to follow the quality parameter over
the process, it is used another indicator that will be further described.

Y. non conforming units

Quality (%) = (7)

Y. overall production

Performance (Pf):

The performance measures the quantity produced (conforming or non-conforming) over the total
operation time available. In terms of operation time, the number of hours available (TT) are
different for assembly lines or machines. For assembly lines, it is considered 7.75 hours per worker
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per shift (with 15 minutes included for rest), although in the case of machines it is considered a
period of 8 hours.

> Production

Performance C8) = Gperation Time (8)

Y. conforming units , Y,non conforming units
Production rate Production rate
Number of hours available — Stoppages

Performance (%) =

Availability (Av):

The availability parameter measures the relationship between the time that the assembly
line/machine was operating (operation time) versus the total available time. The total available
time is calculated by two different ways, that results in two derivations of the OEE indicator that is
used on Fico Cables: OEE and RG. In the case of the traditional OEE indicator, the available time
represents the total amount of hours that the assembly line/machine could have worked (TT)
excluding the number of hours that the assembly line/machine was not working due to lack of
order.

I Y. Operation Time
Availability (%) = Y. Available Time 9)

Number of hours available — Stoppages

Availability (%) =
vailability (%) Number of hours available — Number of hours for Lack of Order

In the case of the RG indicator, the available time does not exclude these stoppage hours for lack
of order.

o Y Operation Time
Availability (%) = 3 Available Time

Number of hours available — Stoppages

Availability (%) =
vailability (%) Number of hours available

For this reason, the RG percentage is always equal to or less than OEE.
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OEE and RG = Quality X Performance X Availability (10)

Scrap

As it was mentioned before, the overall value of scrap is not represented in the OEE indicator as
this indicator just measure the quantity of scrap related to final products and does not allow to
evaluate the quantity and the value of scrap that is produced along the process. The overall value
of scrap could come from:

e Raw materials/components;
e Subgroups;
e Final products.

The reports of scrap produced allows to identify the production reference that is associated (and
thus identify if it is a component, a subgroup or a final product) as well as the type of defect, where
it was produced (machine or assembly line), the respective quantity (weight or units) and the
guantity, allowing to traduce it in cost.

In addition to the scrap value, it is also measured the adjusts value (quantity and cost). The adjusts
represents inventory hits that are made. Since the date of the last inventory, a certain quantity is
produced, and a certain quantity is purchased, which results in a certain value. If the real value is
more or less, it is necessary to make an adjustment in order to keep information real and accurate.

3.5.3 Previous situation

As it was briefly described before, it already existed an A3 methodology to follow the major
production related KPlIs, with an exception for the scrap and availability. However, the current
methodology has some major inefficiencies with the major one being the lack of data
automatization, that consumes an excessive time for the workers that are responsible to manage
these documents. In this chapter, it will be detailed described, for the different A3, the previous
situation with the corresponding limitations as well as the improvement opportunities that was
detected. The previous A3 module is divided into these major fields:

e Define;

e [Measure;

e Analyse;

e Improve;

e Check results.

Each production director is responsible for different modules and submodules. For the MOD
deviation and the OEE KPlIs, it only existed an A3 sheet for each production director and their team
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members to manage. The different production directors and the submodules that they are
responsible for are represented in Figure 193.
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Figure 193 - Distribution of the submodules management responsibility for the different production directors

A3 of Direct Labour Deviation (MOD)

Define and Measure fields

For the MOD deviation KPI, the initial fields of the A3 sheet layout describes the problem (in this
case, the KPI) that is being followed as well as the real evolution over the current year, with the

forecasted values (based in the improvement actions that are scheduled) and the respective and
actual target that is being pursued (Figure 194).
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Figure 194 — Previous Define and Measure fields of the MOD deviation A3 sheet
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To feed the evolution graph with data, it was necessary to consult the internal web app War Room
(Figure 195) and to, for the different submodules, copy the sum of MOD deviation of the respective
submodule for the A3 excel. Besides this process of consulting, copy and paste values takes some
time, there exists a considerable possibility to make an error. Also, as the worker just consults the
War Room once, if there is some update, the values that are on the A3 are not the most recent and
correct ones.
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Figure 195 - Consult of MOD deviation values for a specific submodule and specific day on War Room

Analysis field

In terms of the Analysis field, it is made a Pareto analysis in order to verify which submodules has
the bigger MOD deviation and concentrate actions to improve those areas (Figure 196). Individual
Pareto analysis for the most critical submodules was also made in the same A3 sheet, concentrating
too much information and not allowing to immediate visualize where is the problem.

When it is necessary to visualize this sub-level Pareto analysis of, for example, the submodule with
the biggest MOD deviation o detected on the main Pareto, it was necessary to copy and paste values
all the MOD deviation values that are on the War Room window, for every day of the analysis
period. As an example, if the Pareto has a temporal window of one month, and if the submodule
that we are analyzing is the F2 LM, that has 22 assembly lines, it is necessary to copy 660 values
manually for the A3 sheet.
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3. ANALYSE
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Figure 196 — Previous Analysis field of the MOD deviation A3 sheet

Improvement actions field

In order to solve or reduce the effects of inefficiencies that are visible through the previous Pareto
analysis, improvement actions based on a PDCA cycle are set and schedule. These actions have an
associated expected gain of MOD deviation that traduces in the future forecasted MOD deviation
values.

For the different improvement actions, the following parameters are defined:

e Aresponsible for its follow-up;

e Adeadline date;

e The expected gain (in terms of number of operators)
e Process number;

e Audit percentage.

These improvement actions (Figure 197) are followed with more detail in a specific platform called
Kanboard, allowing to have just enough detail on the A3 sheet and to not concentrate it with
excessive information.
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Figure 197 - Previous Improve field of the MOD deviation A3 sheet

The check results field follow and verify the results of the different improvement actions already
carried out. Also, as in other fields of the A3 sheet, there is an excessive quantity of information
that dissipates the focus of the person who is visualizing and managing this A3 sheet (Figure 198).
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Figure 198 - Previous Check results field of the MOD deviation A3 sheet

As in the MOD deviation A3 sheet, these initial fields define the problem (in this case, the OEE is
below the target of 83%) and represents the evolution of these submodules (F2 and F3 LM) over
the year. Also, following the same structure, it is represented the forecasted values of OEE based
on the execution of the planned improvement actions (Figure 199).
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Figure 199 - Previous Define and Measure fields of the OEE A3 sheet

In order to feed the A3 with the OEE values, it is necessary to export them from an internal software
called CP Auto, that summarizes production data from the main production report software (CP).
However, this software has a significative limitation: it only summarizes that data by department

and not by module/submodule. As some submodules are mixed with others in the same

department it is not possible to get the global value of OEE and their components of the entire
submodule. For example, the different assembly line submodules (F2 LM, F3 LM, F4 LM, and F5 LM)
are together in the same department: 291; in the other hand, the department 294 just refers to the
machines included in the F4 Plastic Injection submodule (F4 INJ).

A view of the software CP Auto and the type of information that it gives is represented in Figure

200.
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Figure 200 — View of the CP Auto software
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Analyse

In the analyze field (Figure 201), it is made a Pareto decomposes the OEE in the three components
(quality, performance, and availability) for the different submodules in the analysis. Also, for each
OEE component, another Pareto’s shows the major impacts in terms of percentage of OEE loss.
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Figure 201 - Previous Analysis field of the OEE A3 sheet
Improvement Actions

In terms of improvement actions (Figure 202), it is similar to the MOD deviation A3 sheet. There
are described the planned actions and attributed the respective follow-up responsible as well as
the forecasted date to conclude them and the corresponding expected gain (in terms of percentage
of OEE).
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Figure 202 - Previous Improve field of the OEE A3 sheet
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Check results

In the check results field of the OEE A3 (Figure 203), it is also visible that co-exists an excessive
amount of information with sub-analysis for the availability component as, for example, the
evolution of lack of material stoppages for the F2 LM submodule and evolution of percentage of
unavailability for the GM Automatic assembly lines.
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Figure 203 - Previous Check Results field of the OEE A3 sheet

3.5.4 Improvement opportunities

With the analysis of the actual A3 methodology it was identified several improvement opportunities
that aim to achieve three main goals:

e Get a clear and non-confusing view of what is being analyzed;

e Stratify information in different A3 sheets according to the level of management
responsibility;

e Minimize the time spent on non-value-added activities in order to spend more time to
analyze the existent and crucial problems.

The improvement opportunities that were identified are represented in Table 76.
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Table 76 — Improvement opportunities for the A3 methodology identified

Improvement

Description

Automatize data
collection and update
process

It was verified that, in most cases, the data that was already on the A3
document was not updated and so, report corrections or delayed reports, was
not considered for the monitoring process of the indicator. Also, several times,
the data that was already on the A3 was not updated and so, report
corrections or delayed reports were not considered for the monitoring process
of the KPI.

Display only information
for the corresponding
level of analysis

Information must be stratified in a way that, for example, if an A3 sheet is
related to a group of submodules, the corresponding Pareto must only the
global values of each submodule. The Pareto by the different assembly
lines/machines should only be included on the A3 of the level below (specific
submodule A3).

Create a “House of A3”
structure

The different A3 must be interconnected between them since they are a
partial analysis of the global panorama. This structure allows establish a
connection of data and improvement actions between the different A3 of the
same KPI and allows an easier access and search for the different existing A3
documents.

Automatically prioritize
actions by the expected
gain

In the Improvement Actions field of the A3 sheet, the different actions must
be ordered by the corresponding gain that is expected to be achieved in order
to easily visualize the most important actions.

Create specific A3 for
Scrap

As the quality parameter of the OEE does not give a completely true vision of
the quality panorama, an A3 for Scrap would allow to easily visualize
production references that produces biggest values of scrap and that have
more impact in terms of cost.

Create specific A3 for
Availability

The creation of an A3 for the availability component of the OEE allows
understanding the most important causes and motives that caused a specific
stoppage. This A3 would allow to create and follow specific actions and to not
over detail the OEE A3.

3.5.5 Implementation of improvements

Further, it will be described the implementation and the corresponding effects of the different
improvement opportunities that were identified before.

Improvement 1 - Automatize data collection and update process

This could be classified as the biggest improvement done since the time that the members of the
production direction teams spend was huge. As this time consumed in the update and data fuelling
process is entirely unproductive and non-value-added, it was imperative to develop almost fully
automatic documents that allow the different team members to focus in analyzing the real
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problems and follow the respective improvement actions that traduce in value added for the
process.

The previous data collection process involved consulting different internal software carried out
different searches and export data for the excel or manually copy the necessary values. These
activities consumed a lot of time and easily induce errors. The different software that was needed
to consult for fuelling the different A3 is represented in Table 77.

Table 77 — Source of data for the different KPIs

KPI Software
MOD deviati War Room
eviation
CP (indirectly)
CP
EE
° CP Auto
Scrap BPCS
CP
Availabili
vailability P Auto

With the support of the DSl department, it was possible to create libraries of data related to specific
searches that would be manually performed on the respective software. These libraries allow
having a database with the necessary values to calculate the KPI that is being analyzed. Thus, this
data could be automatically updated and refreshed on the Excel as the KPI calculation is also done
on the Excel (Figure 204).

Update data
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Figure 204 - Example of database created by the DSI department in the Excel
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In Figure 205 it is represented the Measure field of a MOD deviation A3 sheet with the
corresponding macros to update the databases. Then, this automatic process develops the
necessary values that allow to calculate the KPI and to refresh the different A3 sheet graphs.

m 1° Update CP [ 2° Calculate MOD A3 ][ 3° Refresh graphs ]
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Figure 205 - Improved measure field of a MOD deviation A3 and macros to update data and calculate the KPI
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Improvement 2 - Display only information for the corresponding level of analysis

In the previous A3 format it was shown too much information in the same A3 sheet. This
condensation of information distracted the attention and the focus of the person who was
analyzing the data. In order to improve this situation, the different A3 sheets must only contain
information in a resolution view according to the respective level of responsibility.

Fico Cables structure, in terms of submodules responsibility distribution, is represented in Figure
193. The structure of the A3 must follow the same principle, with a specific A3 for each level of
responsibility. A specific case of this principle is represented in Figure 206.

Plant manager

A3 with resolution view for the different submodules

A 4

Production director of the confort systems area (F4)

A3 with resolution view for the different submodules of their responsibility (F4 CA, F4 LM, F4 INJ)

A 4

Production direction team member(s) responsible for the wire bending area (F4 CA)

A3 with resolution view for a specific submodule (F4 CA)

Figure 206 — Distribution of the A3 sheets of the different KPls and for the different levels of responsibility
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This principle must be mainstreamed and standardized for all components of the A3 sheet,
including the measure, analyze, the improvement actions and the check results fields. For the case
of the MOD deviation KPI, the A3 sheet’s stratification and resolution of the main fields are
represented in Figure 207.

Measure: Evolution of MOD deviation of all factory

Global factory (plant

Analyse: Top of MOD deviations per submodule
manager)

Check results: Evolution of MOD deviation of a specific submodule

Measure: Evolution of submodules MOD deviation of specific
production director

Group of submodules Analyse: Top of MOD deviations per submodule of production director

PP R ey (production director) responsibility

Check results: Evolution of MOD deviation of specific submodule of
production director responsibility

Measure: Evolution of specific submodule MOD deviation

Specific submodule Analyse: Top assembly lines/machines with most MOD deviation of that
(team member) submodule

Check results: Evolution of MOD deviation of specific assembly
line/machine of that submodule

Figure 207 — A3 sheet’s stratification for the MOD deviation KPI and resolution view of the main fields

As an example, for the MOD deviation A3 sheet of the plant manager, it is important to have a
global, macro and embracing view of inefficiency through the different submodules. The measured
field follows the evolution of MOD deviation values related to the entire factory and the Pareto
present on the analyze field must identify the submodules that have a bigger MOD deviation, for
the current month, in order to focus actions and efforts to reduce this inefficiency in these
submodules (Figure 208). This A3 sheet allows the plant manager to visualize, for example, that in
the present month of May, two submodules of the comfort systems module (F4) contribute with a
deviation of 25 people of the global inefficiency of 60 people.
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Figure 208 - Measure (above) and Analyse (below) fields of the MOD deviation A3 sheet managed by the plant manager

In order to descend the level of analysis and to increase the resolution view to a more micro scale,
being in the scope of a production director, it was created other A3 sheets. For the F2 and F3
modules, that are (partially) of the responsibility of the production director 2, the corresponding
MOD deviation values of the different submodules included is followed in the measured field. In
the same logic, the analyzed field identifies the submodules of this area that has the bigger
inefficiency.

In Figure 209 it is visible that the bigger inefficiency for these submodules is concentrated in VNAs
(non-value added), representing around almost 50% of the total MOD deviation. However, it is
important for the assembly lines submodules, that has a bigger number of different working
centers, to follow the corresponding submodules values of MOD deviation. In order to achieve this,
different and a more specific A3 was created allowing to visualize and monitor this kind of
information.
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Figure 209 - Measure (above) and Analyse (below) fields of a MOD deviation A3 sheet of the production director 2

For the assembly lines submodule of the F3 (F3 LM), that includes about 40 assembly lines it is
important to follow and analyze the MOD deviations of the different assembly lines, even if the
global submodule has a small inefficiency. In this case, the F3 LM submodule has an inefficiency of
around one person for the month of May. However, the different assembly lines have upper and
lower inefficiency values that compensate for each other. The assembly lines with bigger deviation
represent great improvement opportunities to reduce inefficiencies and to better manage where
people are located (Figure 210).
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Figure 210 - Measure (above) and Analyse (below) fields of a MOD deviation A3 sheet of the F3 LM submodule

Referring to the A3 sheets of OEE, the methodology is similar. The respective documents
stratification and content on the main field is represented in Figure 211.

Figure 211 - A3 sheet’s stratification for the OEE KPI and resolution view of the main fields
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Improvement 3 — Create a “House of A3” structure

In order to keep an appropriate document organization and navigation flow between the different
A3 sheets, it was created a tree diagram that represents the stratification of the different A3 for
each KPI with the corresponding divisions and subdivisions, as well as linkages for each document.
In the present example (Figure 212), it is represented the House of A3 related for the OEE KPI with
the three levels of responsibility (plant manager, production director, and production director team
members). This house could also be expanded when a new and a more specific A3 is justified (case,
for example, of a specific assembly line or machine). An identical structure was created for the other
KPIs (MOD deviation, Scrap, and Availability).
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Figure 212 - Document "House of A3" of the OEE KPI

Improvement 4 — Automatically prioritize actions by the expected gain

The improvement actions represent the most important field of the A3 sheet. It does not matter if
problems and inefficiencies are identified if there are no defined actions properly planned,
performed, verified and controlled to solve them.

Fico Cables uses a software called Kanboard where improvement actions are created, the
responsibility of execution is delegated, and it is defined as a deadline. After this process, every
development step of the action could be exposed and supported by documents and analysis. An
example of the view of one improvement action is represented in Figure 213.

In the A3 sheet, it is important to resume and summarize the existent actions that were created in
order to solve a problem or inefficiency identified through the measure and analysis field. The
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previous improvement actions board of the A3 template was slightly adapted and it is shown in
Figure 214.

It is important to have in the A3 information as:

e Source/problem identification: Definition of the main cause(s) through techniques as 5
Why, Ishikawa, DOE, among others;

e Module: Defines the module/submodule where the action will be carried out;

e Action: Describes summarily the action to be performed;

e Responsible: Defines the person responsible to carry out the defined action;

e Date: Defines the deadline;

e Improvement: Measures the expected gain with the implementation of the defined action;

e Check: Link for the corresponding action on the Kanboard;

e Act: Open or closed status of the action.

Action name

Info progresso global - Equipa PENG

Eatago: abans Calogoria: FENG Anaignado: Pedm Oliveirs Crindo: 21/05/2018 1507
Prionigads: 1 Colma: Do f Em oursa Criador: Susana Loursing Modificago: 21062018 1510
@ jirk peien Posiglo: 1 Data de vencimanto: 2505:2018 Imiciada: 21052018 0000

Movido: 21062018 1510

= Anexos
Nome o fichsiro Crisco por Dats Tamanho
@ Analies global prejets capote xiex = Paden Olfviea 052018 1203
@ estudo ganho mod acgies melharia_eng® processes_31-05-18 ks » Pedeo Oibveira DEOEE 2995k
[ FIT 5E.00,0.18.017_Polo K pal = Peden Oilvaina 221062018 502,53k
B FIT.SE.00.0.18.021 _Mankagem fubo exiesior caposs grandes. pdf + supporti“g Padro Diiveira 1062018 385.42k
B Linha JEEF EXTERIDRES docx ~ Pedm Oiveira TGRS T
@ DEE_PESSOAS LM MAR V2 (WALORE 5) 12-08-18 alax documents Peder, Cilvaing 062018 1939M
@ OEE_PESSOAS_LM_MAR V2 (VALORES) 31-05-18.xlsx = Pedro Oifveira MME01E 153M
= Comentérios
® sk ik
Pedro Oifvelra
Linha capots grandes:
* Fol imglementado na semana 20, & partir o 1505, 2 ache idensicads de incalpons no posto de mantagem de lubos sxtericros, Lm satama de Inscducio do cepial com
polebos.

Com asta sccla, conseguimas reduzil um operades et posto
Meste momentn falta aperas validar 1 referénca em producio para tomar a decisiio de reticar a pessoa que esth 4 selecionar os cabas durante este processa de validacio
Antes implementacio dispositivo montar tubos semi sutomdtico (outpat | 1 operadoes):
fola 983+ 200 / 5 /a5 088= 200 / 5 refs O03= 200 / 5 raf"s 008= 200/ 5

Agas implementachs dispositive montsr ubos semi suamdriion joutpet / n® operadares): Status comments

ref's GB3w 200 { § ref's G88w 200 { 4 refa B3 210 7 § refa S98= 2007 4

Com este cendrio, & com base em valumes de oriamento, estamas a falar num ganho de 1.4 Opesadones

Figure 213 - Example of action information view on Kanboard

In order to facilitate the management of the document, it was developed two macros for this field:
one to order the defined improvement actions by the bigger expected gain first; and another to
move and achieve for another excel sheet the completed actions classified as “closed” (Figure 214).
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Figure 214 - Adapted improvement actions board of the A3 sheet

As the interconnection of data is an important principle of the A3 methodology implemented, the
improvement actions are linked between the different A3 sheets related to the same KPI. In Figure
214, it is represented the improvement actions board of an OEE A3 of the global factory (plant
manager) and every three rows represent the most important improvement actions classified as
“open” of the level of analysis below (production directors).

Although some improvements have been made in this A3 field, more automatisms and connections
of data could be created and assured. One important improvement to be made in a future stage is
to automatically fuel and update the A3 with the improvement actions information from the
Kanboard.

Improvement 5 — Create A3 for the Scrap indicator

As it was explained before, the quality component of the OEE does not give a true vision of the
quality across the different types of equipment and processes, so that was a necessity to create a
better analysis mechanism.

The principle of data update automatization for this series of A3 sheets is the same as for the
OEE/MOD deviation KPIs. The only difference is the source, that in this case is the BPCS software.
Also, the different A3 sheets stratification follows the same principle of division between plant
manager (global), production director (a group of submodules) and team member (specific
submodules) and it is summarized in Figure 215.
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Measure: Evolution of scrap quantity and cost of all factory

Global factory

Analyse: Top of submodules with higher quantity and cost of
(plant manager)

scrap

Check results: Evolution of scrap cost and quantity of a specific
submodule

Measure: Evolution of scrap quantity and cost of a group of
submodules

Group of
submodules Analyse: Top of submodules of production director
(production responsibility with higher scrap quantity and cost

director)

KPI: Scrap

Check results: Evolution of scrap quantity and cost of a specific
submodule of production director responsibility

Measure: Evolution of the scrap quantity and cost of a specific
submodule

Specific submodule

Analyse: Top scrap references of that submodule with higher
(team member)

quantity and cost associated

Check results: Evolution of scrap quantity and cost of specific
scrap reference of that submodule

Figure 215 - A3 sheet’s stratification for the Scrap KPI and resolution view of the main fields

In terms of the plant manager A3 (global) and starting for the measured field (Figure 216), it is
important to follow the number of units scrapped and, more importantly, the associated cost. It is
important to understand that a report of, for example, 200 units with a cost of 5 euros each has
bigger consequences and effects than a report of 1000 non-conforming units of just two cents each.
However, it is also important to identify the causes for a bigger quantity of scrap, even if it
represents a lower cost, as this causes could have severe consequences in the future with a more
expensive raw material or subgroup product.
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Figure 216 — Measure field with evolution of scrap cost (above) and quantity (below)
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In terms of the analysed field (Figure 217), a Pareto graph gives the information of the submodules
that contribute most to the quantity and the associated scrap cost. It is visible that the F4 plastic
injection submodule (F4 INJ) just appears as sixth in the top for scrap quantity but is the one that

represents the major cost of scrap.

PARETO SCRAP COST MAY {GLOBAL}

10000

5000
E000
7000
6000
5000
4000
3000
2000
1000

FaCa

FaLMm

QUTROS

-
FZEIP

F1

s

I MAY (€]

F4 M) F2INJ F3 LM FZLM F2EIL

=% CUM. MAY

PARETO SCRAP QTY. MAY {GLOBAL}

100000

F3EI

F25B

PROTOS

50000
E0000
70000
60000
50000
40000
30000
20000
10000

F2LM F5

F3LM F2IM) F1 FaINJ F2EIL QUTROS FZEIP F4 LM

N MAAY (QTY) == CUM. MAY

FiCA

F258

PROTOS

100%
0%
B0%
0%
60%
50%
0%
30%
20%
10%

100%
0%
B0%
0%
60%
50%
0%
30%
20%
10%

Figure 217 - Analysis field with the pareto of scrap cost (above) and scrap quantity (below)

With the definition of improvement actions to reduce the scrap cost in the most impacting
submodules, the evolution could be followed through the check results field as represented in

Figure 218.
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Figure 218 — Check Results field with the evolution of scrap cost (above) and scrap quantity (below) for the F4 INJ

submodule
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The A3 sheets of the different production directors follow the same principle as the plant manager
A3 (global) described before. In terms of the A3 of a specific submodule (managed by one or more
team members of a production direction team), the analyze field identifies in the Pareto the most
important scrap references (with combination with the description of the defect) as shown in Figure
219.
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Figure 219 - Analysis field of the top references of scrap quantity and cost for a specific submodule (A3 team member)

Improvement 6 — Create A3 for the Availability indicator

Another improvement opportunity that was identified was to create a specific A3 to better follow
and evaluate the availability component of the OEE. The availability traduces the number of
stoppages and the time that specific machines and equipment were not working. The analysis of
this stoppages allows to better understand the corresponding causes and, consequently, to define
improvement actions in order to eliminate them or to minimize their occurrence.

In Fico Cables, for each stoppage, the operator/team leader/maintenance needs to report it in the
system with the respective duration and classify with the cause and the motive. There are 21 pre-
classified stoppage causes that are identified in Table 78.
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Table 78 — Different stoppage causes codes used in Fico Cables

Stoppage causes (assembly
lines)

Stoppage causes (machines) Stoppage causes (both)

Z.105.AVARIA

Z.205.AVARIA MAQUINA Z.901.FALTA DE ORDEM

Z.110.PRODUCAO

Z.210.REPARAGCOES NO MOLDE Z.902.FALTA DE ORDEM

Z.115.FALTA DE MATERIAL

Z.215.CABECA SOPRO

Z.120.QUALIDADE

Z.220.MUDANCA DE MOLDE

Z.125.MANUTENCAO PREVENTIVA

2.225.MUDANGCA DA REFERENCIA

Z.130.FALTA DE ABASTECIMENTO

Z.230.PERIFERICOS

Z.135.0UTRAS ATIVIDADES

Z.235.COMECAR

Z.240.MANUTENGAO PREVENTIVA
Z.245.FALTA DE MATERIAL
Z.250.FALTA DE ABASTECIMENTO
Z.255.FALTA DE PESSOAS
Z.260.ENSAIOS

For the different stoppage causes, there are different classified motives. As an example, the
stoppage cause “Z.115.FALTA DE MATERIAL” has the following motives represented in Table 79.

Table 79 - Different stoppage motives codes for the cause Z.115.FALTA DE MATERIAL used in Fico Cables

Stoppage motives (Cause: Z.115.FALTA DE MATERIAL)

00 — Componentes dos Fornecedores

01-Componentes para Moldes

02 — Componentes para Impressao

03 — Componentes para os Sopros

04 — Componentes para a Fundicdo

05 — Outros Componentes Processo Interno

06 — Embalagem

07 — Consumiveis

08 — Logistica

In terms of “House of A3”, this KPI follows a slightly different principle as it is necessary to follow
the availability problems of specific machines, creating also a specific A3 for them. The stratification
of the A3 sheets for this KPI is represented in Figure 220.
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Global factory (plant manager)

Measure: Evolution of availability percentage of all factory

Analyse: Top of submodules with lower availability percentage

Check results: Evolution of availability percentage of a specific
submodule

Specific submodule (production

KRl Awailability director/team members)

Measure: Evolution of the availability percentage of a specific
submodule

Analyse: Top of assembly lines/machines of production
director responsibility with higher stoppage time and top of
stoppage causes

Check results: Evolution of stoppage hours of a specific
submodule of production director responsibility

Specific assembly line/machine

(team member)

Measure: Evolution of availability percentage of a specific
assembly line/machine

Analyse: Top stoppage causes and top motive for the most
frequent cause of that specific assembly line/machine

Check results: Evolution of stoppage hours of that specific
assembly line/machine

Figure 220 - A3 sheet’s stratification for the Availability KPI and resolution view of the main fields
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In terms of the plant manager A3 sheet (top-level of analysis), the measured field follows the
evolution of the corresponding OEE availability component percentage of the global factory as

represented in Figure 221.
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Figure 221 - Evolution of the global percentage of availability (A3 plant manager)

In the analyze field, a Pareto chart allows identifying which submodules has the lower availability
percentages in order to, again, focus efforts and concentrate the definition of improvement actions
for them (Figure 222). It is visible that the bending wire submodule (F4 CA) has the lower availability

percentage with around 82%.
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Figure 222 - Analysis field of the plant manager Availability A3 sheet

The evolution of this percentage and the effectiveness of the improvement actions performed for
this specific submodule could be analyzed in the check results field (Figure 223).
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Figure 223 - Check Results field of the plant manager Availability A3 sheet

In the case of the specific submodule and specific machines A3 sheet, the measured field has the
same type of graph, with the evolution of the corresponding evolution of the availability
percentage.

In terms of the A3 of a specific submodule (for example, the F2 INJ), the analysis field has two Pareto
graphs, allowing to identify which machines have the most number of stoppage hours and the most
frequent causes of the overall stoppage hours of the F2 INJ submodule, as represented in Figure
224,
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Figure 224 - Analysis field of a specific submodule availability A3 sheet

In order to evaluate the effectiveness of the improvement actions, the check results in the field of
this type of A3 measures the evolution of stoppage hours, as represented in Figure 225.
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Figure 225 - Check Results field of a specific submodule availability A3 sheet

In the first Pareto of the specific submodule A3 sheet (stoppage hours), it is visible that the IPM 13
is the machine of the F2 INJ submodule that has the most number of stoppage hours. In order to
evaluate and analyze the availability of this machine, a specific machine A3 sheet could be created.

CONTINOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



CASE STUDY DEVELOPMENT 239

In the analyzed field of this A3, it is identified the most common causes as well as the most main
motives for the top cause identified in the first Pareto (Figure 226).
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Figure 226 - Analysis field of a specific machine availability A3 sheet

3.5.6 Critical analysis of results

Generally, the implementation of this case study allowed to get a better and accurate vision of the
most important KPIs used on Fico Cables. As the A3 is considered a problem-solving tool, it is crucial
to have important and relevant information present on the A3, that would allow to support new
decisions and to follow the results of the implemented actions.

One of the most important aspects relating to the improvement of the A3 methodology used on
Fico Cables where the transformation for manual to fully automatic documents, increasing the
available time for who is analyzing these documents to really analyzing them instead of spending
the biggest stake of this available time updating the document and with other non-value-added
tasks. This update process was used to take about one hour to complete instead of about 2 minutes.
his document automatization characteristic allowed also to inter-connect data between the
different A3 sheets created, assuring that everyone, from an up level to a down level, is visualizing
the same information.

In terms of KPIs involved in this methodology, it was added the scrap and availability for the existent
OEE and MOD A3 documentation, allowing to get a bigger view of the current status of Fico Cables
on a highly effective tool model as the A3.

Another important improvement achieved was the stratification of documentation, with the
creation of different A3 sheet for each level of analysis as well as the visualization of only relevant
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and crucial information. This stratification evolution for a one-level level of analysis (module
responsible) for a three-level analysis (plant manager, module responsible, submodule
responsible), each one with the essential information needed to make a decision on the
corresponding level.

Also, as one of the biggest important fields of the A3 is the Improvement Actions and because it is
key to keep things organized and to focus attention with only the necessary, it was added the
capacity to prioritize improvement actions by the expected gain as well as have a connection for
the PDCA platform: Kanboard.

Summarizing, it was vital to improve one of the most important problem-solving tools associated
with monitoring the major KPls of Fico Cables. With summarized information, it is possible to have
a clear view of the real problems expressed in a specific KPl and how they evolved during a specific
period of time. This better-disposed support information allows then to quicker and, in a more agile
way, define countermeasures for their occurrence and follow their effectiveness.
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4 CONCLUSIONS AND PROPOSALS OF FUTURE WORKS

4.1 CONCLUSIONS

With the conclusion of the internship period, it was possible to highlight several gains for the
company, expressed in operational and efficiency terms, and for the student, in terms of skills and
knowledge acquired.

4.1.1 Project gains

Based on the goals defined and described on the first chapter of this dissertation, it is synthesized
in Table 80, Erro! A origem da referéncia ndo foi encontrada. and Erro! A origem da referéncia
nao foi encontrada. the corresponding solutions and improvement actions implemented, for each
case study approached on this dissertation.

Table 80 - Summary of the defined goals and respective implemented actions for the improvement of ‘PSA Travédo’

assembly line case study

Goal

Solution/Implemented action/Gain

Status

Analysis the previous status of the
assembly line, with the measurement
of the different operations carried out,
visualization of the previous assembly
line balancing and calculation of the
possible output.

Determination of the different operations cycle
time through the use of time measurement
techniques with the identification of the assembly
line bottleneck and visible wastes/mudas.

v

Critical analysis of the results and
identification of justified improvement
opportunities.

Definition of an improvement actions plan, based
on the different type of wastes verified and with
defined deadlines and supervisors for the finishing
of each action.

v/

Create conditions and follow the
implementation of the defined
improvement opportunities.

Continuous involvement and dialogue with
different departments (production, processes,
maintenance, continuous improvement) and with
the workers of the assembly in order to ensure the
commitment and execution of the defined
improvement actions plan.
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Goal

Solution/Implemented action/Gain

Status

Verify the success of the improvement
actions implemented.

With the new measurement of the different
operations cycle time, it was verified that all the
operations are now below the takt time, allowing
to accomplish the customer deadlines. The
implementation of the improvement actions
allowed to reach the following quantified gains:

- Increased the output from 187 to 225
cables per hour;

- Increase in OEE percentage from 65/70%
to 75/80%;

- Increased the line balance efficiency rate
from 85 to 93%;

- Increased the result in 5S audit from 28%
t0 92%.

Identify possible future opportunities
for the second stage of improvement.

Identification of a  possible  operation
transformation from manual to automatic
assembles, supported by the elaboration of a VSM
and quantification of the possible productivity
gain and cost saving.

Table 81 - Summarization of the defined goals and respective implemented actions for the diminution of scrap

produced case study

Goal

Solution/Implemented action/Gain

Status

Identify and understand the causes,
and the equipment associated, for the
excessive scrap production on the most
critical module.

Creation of a specific data collection plan in order
to be possible to visualize which equipment
produce more quantity of scrap and the types of
defect associated.

v/

Discuss, with workers and maintenance
teams, possible improvements and
modifications that could be realized on
the most critical equipment.

Undergo of brainstorming sessions with members
of the processes, maintenance, production and
continuous team, and application of 5 Why’s and
5W2H techniques in order to fulfill Ishikawa
diagrams with the aim to understand possible
causes for the scrap production. Definition of
improvement actions plans to contain the scrap
rates.

v/
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Goal

Solution/Implemented action/Gain

Status

Follow the implementation, verify and
control the result of the improvement
actions implemented.

Continuous communication and involvement with
the different departments involved and with the
administration, in order to approve the different
budgets for equipment interventions. Several
defined improvement actions were not still
completed at the time of the conclusion of this
internship for budget reasons. However, the
implemented actions allowed to visualize positive
results, as a decrease in the monthly scrap cost of
about 1000€ from January to August.

The implementation of the improvement actions
allowed to reach the following quantified gains:

- Reduced the quantity of scrap produced
on LBT (weekly) from 40/60 kg to 25-35
kg;

- Reduced the quantity of scrap produced
on Dorca 1 (weekly) from 160 kg to 140

kg;

Reduced the quantity of scrap produced on Dorca
1 (weekly) from 150 kg to 140 kg.

Table 82 - Summarization of the defined goals and respective implemented actions for the A3 methodology case study

Goal

Solution/Implemented action/Gain

Status

Identification of the fundamental KPIs
related to the production management
of Fico Cables and apply/improve the
A3 methodology associated.

Identification of the MOD deviation and OEE as
the most fundamental production KPls, through
discussion with production directors, and
proposal of the A3 methodology application to
scrap and availability KPIs.

Improvement of the level of
automatization related to the data
collection process of the different A3
documents.

Developed work with the DSI department in order
to create libraries of data from the different
software’s used to report production and scrap
(CP and BPCS). With the integration of on the Excel
software, it was then possible to automatically
update these libraries and, by consequence,
update the raw data that feed the KPIs
calculations.

v/
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Goal Solution/Implemented action/Gain Status

Creation of linkages between the different A3
documents, inside a determined KPI, leading
everyone along the hierarchy chain could visualize V
the same information. Creation of a “House of A3”

tree with quick links for the existent A3
documents.

Interconnect  the different A3
documents, in order to allow the user
to easily switch between them.

4.1.2 Company gains

There were also different gains for Fico Cables, that are transversal to the developed case studies,
which are summarized below:

e Better knowledge of the common and typical source of wastes on the different assembly
lines;

e Dynamization of productivity culture with the Lean implementations realized on the ‘PSA
Travao’ assembly line;

e Deeper knowledge and comprehension of one of the most process flows and modules of
Fico Cables (comfort systems);

e Knowledge of future needs for the most critical Fico Cables’ equipment;

e Standardization of a methodology to analyze and follow KPls.

4.1.3 Personal skills and achievements

The development, participation and collaboration on the whole case studies showcased allowed
the author of this dissertation, as a student and on the beginning of his career, to achieve some
personal gains, in terms of skills and experience acquired, which are explicit as follows:

e Excel functions and Visual Basic (VBA);
e Six Sigma methodology;

e Several Lean tools;

e Communication skills;

e Quick adaptation skills;

e Organizational skills.

Also, as Fico Cables globally recognized the positive results of the internship period, allowed the
author to continue proceeding with his career and developing himself on the company, with the
proposal of a contract.
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4.2 PROPOSALS OF FUTURE WORKS

With the development of the showcased case studies, different necessities and improvement
opportunities were appearing, which can be summarized as follows:

e Promote SMED projects on several assembly lines, in order to reduce the internal setup
time and raise the operation time;

e Creation of smaller improvement teams focused on specific equipment of the F4
submodule (case study 2) and based on the scrap causes detected by the Six Sigma project.
Application of simpler improvement methodologies as PDCA cycle for these teams;

e Improve the scrap report process on the F4 submodule, in order to have more and instantly
information about the equipment associated, the type of the defect, the source of the
defect, etc.;

e Expand the A3 methodology adopted to follow production KPIs for another type of KPls
used on Fico Cables;

e The complete connection of the improvement actions management software (Kanboard)
with the KPI A3 documents.
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6.1 ANNEX 1 —Flow chart of operations of the ‘PSA Travdo’ assembly line
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6.2 ANNEX 2 —Standard 4S developed for ‘PSA Travao’ assembly line

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



FICOSA IMPROVEMENT TRANSFORMATION

Revisédo: 1

Data: 13/07/2018

Metodologia 5S
4°S - Standardizar

Médulo: F3

Y EICasA

Linha: PSA Travao

Checklist Limpeza

N.° Actividade Freq.| Resp. N.° Actividade Freqg.| Resp. N.° Actividade Freqg.| Resp.
. . . Organizar zonas de armazenamento Team Leader
1 |Limpar toda a area envolvente da linha. Turno | Operadores 4 de ferramentas de setup e validago Turno / Operadores 7
Validar identificacdo das zonas dos
. equipamentos e dos locais de Team Leader
2 |Limpar cada posto de trabalho. Turno | Operadores 5 armazemento de ferramentas, produtos Semanal / Operadores 8
e materiais.
Organizar racks de componentes / T Lead
3 [subconjuntos e zonas de stock conforme Tumo |, Sam Leader 6 9
: L / Operadores
identificagao.

Elaborado - Ana Maia / Joao Pereira

Data:

13/07/2018

Rubrica:

I-OP-CA/MA-02-B
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6.3 ANNEX 3 — A3 documents of MOD deviation KPI

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



8102/90/10

¢/90/1€ 8107/S0/0E 8107/S0/6C 8102/50/8T

TOIM

TOIM

0DIM

otT-

NV

%0

%0T

AVAU'IAIND % ==@= AV

0
%0C
%0€
S
%0Y
%05
ot
%09
%0L
ST
%08
%06
0z %00T
(rNI 74) NOILNTOA3 NOILVIAIQ AO (1v4019) AVIN NOILVIAIA AON 013Y¥Vd
w w N N
£ 2 L i3
& & & &
N N N ) 5 = 5 5 > z =
2 2 2 2 g 8 2 2 S z 5 3 5
(> (> o (> N - o o = =) = < 2
0
ﬁ SUOIIOB YO ad POSO|9 BABIYDIY 52 g ﬁ Ssuolloe yoad 49p40 sk w s
o1
ST
0z
N3dO SO0V H# PJeOquey | 2eMM | IVIN | 8102/50/1€ 0} leW/LE | Od | siexeig sop wabeiqop ap ejuswells) BAOU JEpI[EA & Jedi|de - OBARL ND 14 ONg Jod QOW onseg | € ¥4
0€
N3do BBECH# PIEOGUEY | L2MM | IV | 8102/50/02 ok ew/0z | 9d (o)swinBas ap oinw) aojput orou op anbuelly - sojndiuew 6.4 14 dOS | +4 dOS Jod QOW oinseq | 2 3
oy
TEO0UE P few, S D EUEES oinse sv
N3dO L0Gc1# pleoquey [2eMM | IVIN | 8102/S0/L8 o'k lew//g 5d ered sey|iue Jealdy - G°0 SWEIE /2 0BdNpoId 8p BPEPIDOIS/ - SELEIOUR|] =] 14 QO oseq 14 o
. Ss
N3do 9560 1# PJEOqQUBY | 2eMM | IVIN | 8102/50/1€ ot few/rg | 44 ewez ap oedosul ep uequey op ogdeziuebiosy NI ed NI 24 QO olaseq S 09
TITE 3o e X ew souin} ¢ soe sewa|qoid ap oedn|osal ap apeploeded oInso 9
N3do €80 1# P/eOqUEY | Z2MM | IVIN | 8102/G0/1E ot few/rg | 44 ® OpuEZI[ESIaASUEI] 'Sap|oW op Bdinba Bp SOjUSWS|e SOp OESewO0L NI ed NI 24 QO olaseq I oL
Teoque . rew, (jenuew Wo OIAS®| .
N3do SP8LL# PIEOqQUBY | 22MM | IVIN | 8102/50/1€ ot few/rg | 44 ) sopeiBaiul S0o1qe; SO ered UBqUEY 8p BWSISIS WN op oedejuswadu] NI ed NI 24 QO olaseq 4 08
S8
P X ‘wabejuow-a1d ap ojsod op sapdelado & oedoslul W1¥4s W ¥4 Saiopeuly
N3dO 86cEL# PIEOGUEY | 0ZXM [ IV f 8102/50/8) LU feu/gl | ad op 0ssa20.d op oedezl|iqel sode ‘00| B 08399|9S B Jeliuay ~ 0/ 1eas |alopeuly Jod QOW onsaqg v MM
SO TETIEoaTES . W 4500 o1aloid op edad eu sepenjaje Jas OInSD, 00T
N3do 67G01# PIEOQUEY | LeMM | IVIN | 8102/50/¥2 0e few/pg | 14 © oejse anb sesuid £ sep oBdEOIEW Bp OBSEUILIS B 8jUsljo 0B Jodoid W1 ¥4 W1 ¥4 AOW olaseq 9 wor
OBJJ9[oS op otT
N3do 2061 # preoquey |zeMm | IVIN | 8Lozg/so/Le 09 lew/Le W3 | oinw o Jesal WISSe & ZSAN Op | apjow ou sepewlanb a sepiped sedad | vD #4 VO ¥4 QOWN olrseq &
op SBIdU9.I000 SE Jejnue welwiad anb ‘ful op s9031puod se Jepnisg
— . — E——— 2enie —— (1v8019) NOILNTOA3 NOILVIAIA AON
N3do SSY6# pleoquEY | 22MM | IV | 8102/50/LE ot few/Lg | Hd 0gn} op ojuswELoIISod op eiueseb eied oAsodsip oAoN: © jodeD Jeag €4 dOS | €4 8dOS aow oseq | 9
N3do S70ST# PIEOUEY |2edM | IV | 8102/50/22 0e rw/z | vd ‘opezi[e10ads3 “do OWod 0INE O Byl BU Jopeule JeiBalul Wieds cd salopeuye G
: o : . alopeuyy Jod QOW onsaqg
—— . — 505 o7 WaBE90p 9P 01500 07 Ad ap OEEI0D IR ﬁ sydeso ysaoY ¢ g ﬁ €V/330 91eIndjed 5g g ﬁ do aepdn 51 g
N3dO 8607 1# pleoquey [ LeMM | IVIN | 8102/50/Se 0e lew/ge dd + dijo op zejsnqol eed epjow ou oede Jepifea - soidng sioded MA €4 40D [ €4 sHOO donomsaq | €
(upne) (666-XX/XX-VV-1) Giw) | (W) | (wwin-pp) N (wwwypp) | (vy) (- “3ey) oxew, ‘,siyi eredaid, :6° ‘Uu0) BAIOE BU} U SBOUBIUBS LIOYS 8S() (300 ‘emeys|/Aum S) 34 Dw<w N ¢
N
juswanoidwy
a|doaq §s920.d ajeq aon aleq dsay suonoy a|npol $99Jn0g/sesne) ulep
= (leqo|o) uoneirap AON
SNOILOV LNIWIAOHANI ¥ D e b
9'p3 ‘8102-ABN-L 1 (dD) ea1a12d e}S0) :J0JRUIPI00D (dA) otuid 1oy {(9d) oyunsoby ojned {(ay) seiq Iy ‘(44) ea19.1494 09s1ouelS ((Vd) @Ipuexs|y 0Ipad :Sioquidjy wea] erei0dion

eliolad T :Aq paup3
1/1 ebed
H-0 L-XX/XX-VO-d

wvsaogl= M

(NOILYIAIA AO - IdM) €V :




8102/90/T0 8T0Z/S0/TE€ 810¢/SO/0€  810Z/S0/6C 8107/S0/8C woIM TOIM 0DIM 6TIM IV yav YN A4 NVT AVIN NND % =@ AVIA

0
74 "wesoud A W1
€40Ng suaseued T €4 AT 24 €4 S2J0peUyY 4 SaIopeuyy €4d0S 13 €4 T4ONE RIERZ] €400 74 ¥J0
T %0 . - - - - 0
%0T
z 1
%0¢C
€ %0€ ¢
%0t
v €
%05
S v
%09
9 %0L S
%08
L 9
%06
8 %00T L
(24 ¥2D) NOILNTOAI NOILLVIAIA O (€4 8 2d) AVIN NOILVIAIA AOIN O13¥Vd
S11NS3d XO3HD 'S JSATTVNY €
1SEJ0.0 ] ==@==  UOI1EIAD] QO mm
0°0€-
7.3:8 vOad Paso|d analyory ﬁ.i ﬁ Ssuolloe yoad 49p40 sk w ooz
00T~
:Mv&ék /@J %/
00
00T
00z
asso1o €00€ 1# pJeoquey | 2eMM | IVIN | 8102/S0/LE lew/1e [ Od SBHOd 0]0d OA|OA 0QED Wwabejuow 0jsod Jelslje ogdy N1 €4 SINTT AON olAsaq 8 008
asso1o L00¥ L# pleoquey [2gMM | IVIN | 8102/S0/1E S0 lew/1e [ Od sejny oedepiieA N1 €4 SINTT QO olAaseq A
oov
SRCETETIEoaTES X W "BY|eSIO B 8)409 ojuswedinba yiinbpy - (‘09sip eied By|eS|O 8p nossed s Lod OIASD,
a3aso10 86GE[# PIEOTUEY] | 02MM | IV | 8L02/50/2 1 0z W2l | Od | o105 op 0ss000id/bEW O CESBIONY) OPEWLE [e1dse seareoss & sdo z | £3 ONE | SONgioddowonsed | ¥
SROOTEBIEoaTES . W sopnJed [elidsa ap sleujwis} s Lod oInsa 008
N3do 860017 PTEOTUEY] | LedM | IV | 8102/50/02 09 rew/oz | vd 5 01150 0G0 3P OIUBWE]Y BUWGIOI] “SEPIUIIGP S03E Jeyoey :goy | &3 HOD | SHOD lodgowonsed | 2
[ 009
N3dOo ZE8Z# PIEOQUEY | 22MM | IV | 8102/50/1E rew/Le | Wl SEjNnI ap OesINGY 13¢ed I3 Sou QO olnsed 8
p— (€4 '8 2d) NOILNTOA3 NOILVIAIA AOW
N3do GSvE# PIEOQUES | 22MM | IVW | 8102/50/1E oL TWLE | Hd | 4qm op olusweuopIsod op uB/EB eed oAnsodsip 0AON: B 10deq teeg | €3 dOS | SdOS Jod qOWomsed | 9
leoque 3 lrew, ‘opez||eloadsy ‘do owoo ojne BYUI| BU JOpRUlE Jeibaju Wieds Selopeuye
N3dOo OZOEH# PIEOQUEY | 22MM | IVIN | 8102/50/22 o€ rew//g | vd pezi[ejoads3 ne NO eyul| peuly W al0pBULY 10d QOW 0Imseq S 3
= sydesn ysaiey s¢ || £v/330 denNded sg || do aepdn st
P . 666 /o) Wabeiqop ap ojsod ou Ad ap 0edes0|0d QN = |_|m Gm<n_| ﬁ o o o
N3do 860717 PTEOUEY] | kMM | IV | 8102/50/52 oe rew/sg | Hd + difo op 261NG0J EJEd Ap|OW OU OBSE JBPIEA - sojdng stoden pp | £ HOD | S0 ed dowomsea | g
(upne) (666-XX/XX-VV-1) Giw) | (W) | (wwin-pp) N (wwwypp) | (vy) (- “3ey) oxew, ‘,siyi eredaid, :6° ‘Uu0) BAIOE BU} U SBOUBIUBS LIOYS 8S() (300 ‘emeys|/Aum S) NEDW<N_2 C
N
juswanoidwy
a|doaq §s920.d ajeq aon aleq dsay suonoy a|npol $99Jn0g/sesne) ulep
10V YO3HO oa Nv1d ISATVNY Aﬂn_uwNn_v u—wm._ﬁu— ¢>OQN CO_H.N_>¢U QOS_
7 Slaquisw Wea} ay} Jo sojoyd
SNOILIV LNIINIAOHdNI ‘v .
INI43a
9'p3 ‘810z-AeN-2 | (vd) @1puexajy oipad :40jeuipioo)d (4D) esoy oed199u0) ‘(49) sepueusaq eue) :sioquiayy weaj areiodion

e (NOILVIAZA QO - IdM) eV e




8T0Z/90/T0 8107/SO/1€ 8107/SO/0€  810T/S0/6C  810T/S0/8C oIM TOIM 0IM 6TIM IV yav YN A4 NVT

AVIA'IAIND % === AV\

(N7 €4) AVIN NOILVIAIA QO O13Y¥Vd

ISATVNV '€

1SEJ0U0 === UOIIRINDQ QOIN IR

0T

ST

(14

S¢

(N1 €4) NOILNTOA3 NOILVIAIQ QO

T%_Eo ysaiey mm:msm_mo aje|noleg 52 ﬁ do aepdn 51 g

JHNSVIN ¢

S0
T
0
ST .
0
z 0
90
ST
80
€
T
S'E 1
(Tov9€orZ - 010d €T INT) NOILNTOAI NOILVIAIA AOW
S171NS3d XO3HD 'S
75__8 vOad Paso|d analyory ﬁ.i ﬁ Ssuolloe yoad 49p40 sk w
a3aso1o CO0CH# PIEOqUEY [22MM | IVIN | 8L02/S0/LE rew/Le | Od SELOd 0]0d OAJOA 0ged wabejuow ojsod Jess)je oedy [REE] SINT QO olAsaq
a3aso1o TOOV H# PIEOqUEY [22MM | IVIN | 8+02/S0/LE S0 rew/Le | Od sejny oedepiep W1ed ST QO olAsaq
(upne) (666-XX/XX-VV-1) Giw) | (W) | (wwin-pp) N (wwwypp) | (vy) (- “3ey) oxew, ‘,siyi eredaid, :6° ‘Uu0) BAIOE BU} U SBOUBIUBS LIOYS 8S() (300 ‘emeys|/Aum S)
juswanoidwy
a|doaq $5920.d aleq aow ajeq dsay suonoy anpopy s82unog/sasne) uiep]
10V MO3HO oa NV1d JSATVNY

SNOILOV LNIINIAOHdNI v

(1 £4) uoneinap AON

SIoquIBW Wea} 8y} JO sojoyd

INI43a L

9'p3 ‘8102-ABN-L 1 (vd) @ipuexa|y 0ipad :/0}euIpioo)

(4D) esoy oed199u0) ‘(49) sepueusaq eue) :sioquiayy weaj

ajesodion

ellaiad 't Aq paup3

oL o (NOILYIAIA AO - IdM) €V

wsool= M




ANNEXES 267

6.4 ANNEX 4 — A3 documents of OEE KPI

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



P-QA-XX/XX-09-H

W =1t A3 (KPI - OEE) Page 1/
A c — ‘ a Edited by: J. Pereira
orporate Team Members: Pedro Alexandre (PA); Francisco Ferreira (FF); Rui Dias (RD); Paulo Agostinho (PG); Vitor Pinto (VP) Coordinator: Costa Pereira (CP) 31-May-2018, Ed.8
Photos of the team members
ANALYSE PLAN DO CHECK ACT
OEE (GIObaI) OEE
Main Causes/Sources Module Actions Resp Date T eent Date Process People
N
(5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) % (dd-Mmm) (MMM) | (WK) (IFAA-XX/XX-999) (audit)
11 Desvios de \:elomdade F3LM ) VW Polo portas: Alterar p_osto de m_ontagem de cabo por forma a Po | 31/mai 0.70% 31/05/2018 | MAI |wk22 OPEN
[ (1.8%) incorporar montagem do clip no terminal de cabo no posto de aparar
1° Update CP || 2° Calculate OEE/A3 | | 3 Refresh Graphs | — o : . —
Y 4 Disponibilidade (Av 6.9% + F2 LM Plano para redugéo setups plgnlﬁcados (Lotes econdémicos, sequéncia DL 20/mai 0.40% 20/05/2018 | MAI |wk20 OPEN
Setups 2.8%) optima de ref’s...)
10 Des"'°s(‘1j‘°‘8‘o’/oe)'°°'dade F2LM Volvo - Validar rutas, definir agdes para desvios PO | 25/mai 0.20% 25/05/2018 | MAI [wk21 OPEN
K o E — - X
OEE & RG EVOLUTION (G LOBAL) 3 Machine ldowntlrne—_S,Z % F2 INJ 2.c)Improve machine rellablllty next machine: n° 15 (preventive FH 31/mai 1.70% 31052018 | MAI |wk22| Kanboard #14835 OPEN
Process fine tuning =0,7% maintenence plan) -
100% o
95% a [Pk Sek’v‘;fég i”;‘:ﬂpe’ 93yl £a Ny Aumentar o stock (trabalhar 12 horas ao sabado) TL | 22/mai 0.80% 22/05/2018 | MAI [WK21| Kanboard #13931 OPEN
90% :
o0
85% M°'fArper‘i’li'1’ 302')1 % F2INJ | Plano de intervengao nos moldes: RG3 ext (multiplas) e GM CD369 ML | 31/mai 0.30% 31/05/2018 | MAI |WK22 OPEN
80% i
;Z ; 6 OEE (falta de MOD) FaiNg | KB-Implementar equipa de S”bsstt:";“ de paragens (Ok, Lanche, S, | ppy | 54/ 5.57% 31/05/2018 | MAI |WK22| Kanboard #12005 OPEN
65% Av) falta de pecas de
60% 5 substituigdo F4 INJ | Criar stk/pegas de substiuigao (C1YX); modificar bocas de lobo 1° molde | RD | 28/mai 0.30% 28/05/2018 | MAI |WK22 | Kanboard #13041 OPEN
55%
- i 0/.\- = -
50% 2 |AviQ fuso mal dimensionado| F4 Ny |KE - Comprar fusofcamisa (peq '1‘3"(‘;)5';2())19 (75%); reparagdo do daméq|  r | 5y 0.27% 31/05/2018 | MAI |WK22| Kanboard #14482 OPEN
45%
40% 3 Tachi/BOZE - Fiabilidade do F1 Recolha das .causgs/frequencia e seguimento das agées para elimigéo PA 31/mai 0.50% 31052018 | MAI |wk22| Kanboard #10946 OPEN
35% equipamento dos dois maiores problemas (posto comum e intr. do tubo) -
30% ; _ Fiabili 5 f - obilizacs
Soo 2 Tach|/BOZE Fiabilidade do F1 Fecho das agdes no PT dobr?gem dos arames laranja e fiabilizagao dos pA | 27/mai 0.50% 27/05/2018 | MAI |wk22| Kanboard #10112 OPEN
o equipamento sensores/programagcéo de dete¢éo do tubo nos ganchos -
20% ) ~ X X
15% 5 Qualllldade LR2/C1 - E5 Testar acdo de melhoria ( aperto do Qanal do molde) - validar molde, e oL | 28/mai 0.4% 28/05/2018 | MAI |wk22| Kanboard #13956 OPEN
10% escorrido de ZK no cabo maquina -
b
5%
0%
2 2 = = = 4 I I I g
8 8 8 8 8
¥ ¥ o I 9 H i i
D [ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
W OEE mRG
PARETO OEE MAY (GLOBAL) Q & Pf & Av EVOLUTION (F3 El)
100% M M M — M = = - = = — - M P 100% 100% ® - ® ® * * ® * ® ® ° ° ° °
95% [] I B /
| L - - | o 0 - —0<
90% M = - | - - _/;f_ 90% 90% . ——
85% ] = 1L Al AL [
| _| — = L7 80%
80% M M /’ 80%
| L
75% | L
L 70%
70% | L 70%
6% | ] //’ 60%
60% | J'/ 60%
55% | LA 50%
50% L7 50%
45% f’/ 40%
40% //J 40%
35% L] 30%
h
30% L 30%
25% ’Jf 20%
b
]
20% Larl 20%
L 10%
15% L
Lo
10% L] 10% 0%
s% ] z z g 5 E 2 s S 5 3 5 ~ 5 N N
S & s < = g g : < S g g g g g
INDUST F2 EIP F4 CA F5LM F3El F2SB F2LM F3 LM F4 LM F2 INJ F4 INJ F2 EIL F1 > > S = >
~ o~ o0 o o
== OFE =3 QUALITY(Q) [——JPERFORMANCE (Pf) E==IAVAILABILITY (Av) ==@=% ACUM OEE == QUALITY (Q) PERFORMANCE (Pf)  ==@==AVAILABILITY (Av)




P-QA-XX/XX-09-H

e A3 (KPI - OEE)
I‘ r Corarate. S Edited by: J. Pereira
orporate Team Members: Carla Fernandes (CF), Conceigdo Rosa (CR) Coordinator: Pedro Alexandre (PA) 31-May-2018, Ed.8
Photos of the team members 4. IMPROVEMENT ACTIONS
ANALYSE PLAN DO CHECK ACT
OEE below target (F2 & F3 LM) —
Main Causes/Sources Module Actions Resp Date Date Process People
Improvement
N
2_ M EASU RE (5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) % (dd-Mmm) | (MMM) | (WK) (IFAA-XX/XX-999) (audit)
Desvios de velocidade VW Polo portas: Alterar posto de montagem de cabo por forma a . o
[ TARG ET = 83% " (1.8%) F3LM incorporar montagem do clip no terminal de cabo no posto de aparar PO | 31/mai 0.70% 31/05/2018 | MAI | WK22 ORER
1° Update CP J[ 2° Calculate OEE/A3 ] [ 3° Refresh Graphs] —— - : . S ——
4 Disponibilidade (Av 6.9% + F2 LM Plano para redugéo setups plgnlﬁcados (Lotes econdmicos, sequéncia DL 20/mai 0.40% 20/05/2018 | MAI | wk20 OPEN
Setups 2.8%) optima de ref’s...)
OEE & RG EVOLUTION (F 2 &F 3) 10 Des"'°s(‘1"38‘o’/oe)'°°'dade F2LM Volvo - Validar rutas, definir agGes para desvios PO | 25/mai 0.20% 25/05/2018 | MAI [wk21 OPEN
Disponibilidade (Av 6.9% + Volvo_ Alterar geometria do porta pinos. Objetivo: reduzir 90% paragens . o
100% 7 Setups 2.8%) F2LM por pinos partidos. Actual = 45,9h_0,07%. BP 31/mai 0.06% 31/05/2018 [ MAI |WK22 | Kanboard #7677 OPEN
95% - . o - . X K -
o0t 6 D'Sp°”'st’:t'gsgez (@/0)6 Q%+l gy | VolvoMelhorar d'Sp°”'ggia:f_eggfaom§;;f zamak; _Totalimpacto | gy | g4/ 0.05% 31/05/2018 | MAI [WK22| Kanboard #9331 OPEN
b . =59h_0, .
85% — —— —0 . - o - - ~ N
. 3 Disponibilidade (Av 6.9% + F2 LM Plano de redugdo de'MOD tendo em atengao_a ocuplagao ’da§ linha, PA 06/mai 0.80% 06/05/2018 | MAI |wki1s CLOSED
80% Setups 2.8%) deslocando equipas nas paragens para linhas disponiveis.
75%
. Disponibilidade (Av 6.9% + . . o _ . Kanboard #9605
70% 5 Setups 2.8%) F3 LM RG3 A - plano de melhoria de disponibilidade = 0,28%. FT/PR| 14/mai 0.14% 14/05/2018 | MAI | WK20 Kanboard #9925 CLOSED
65%
- . o
60% 8 Duspongg;ﬁsgz(gcz)e.% | F2m Inteva_ Plano de melhoria problemas sistémicos . 202 h_0,27%. FH | 10/mai 0.13% 10/05/2018 | MAI [WK19| Kanboard #7671 CLOSED
55% .
5 - . o a " -
50% 1 D|spon|Sb|I|dade (on 6.9% + F3LM PSA Travao - Dar maior robustez ao guiamento da gaveta coletora de FH 06/mai 0.10% 06/05/2018 | MAI |wki1s| Kanboard #11233 CLOSED
45% etups 2.8%) cabos OK (51 horas de paragem) -
40% g | Desviosdevelocidade |y PSA Travdo _ Desvio na rutalplano de acoes ref 695 LN | o5/mai 0.06% 05/05/2018 | MAI |WK18| Kanboard #9140 CLOSED
35% (1.8%)
b .
30% Disponibilidade (Av 6.9% + PSA travéo - Plano de constituigao de 3,5 dias de stock. Objetivo redugéo . o
25% 2 Setups 2.8%) F3LM 30% # setups. Impacto actual = 89,7h PA | 11/mai 0.04% 11/05/2018 | MAI | WK19 CLOSED
20%
15%
10%
5%
0% .
= 2 =2 =2 & 4 I 9 g
8 8 8 &8 §
® & o I I
o~ N m o o . . .
ot e CORECAST [ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
PARETO OEE MAY (F2 & F3) Q & Pf & Av EVOLUTION (F3 El)
100% — — — p 100%
0o, 7 100% ° ° ° ° ° Py ° o ° ° Py ° Py
90% —— ] — 90% 90%
85% : — o
80% — L 80% 200
75% /
70% // 70% 70%
65%
60% / 60% 0%
55% L~
50% / 50% 50%
45% //
40% 40% 40%
35%
30% L~ 30% 30%
25% “/
20% 20% 20%
15%
10% 10% 10%
5%
0% _ _— _ _ _ _— _ _ 0% 0%
F3E F2 LM F3LM 2 EIL JAN FEV MAR ABR MAI WK18 WK19 WK20 WK21 WK22 43248 43249 43250 43251 43252
=2 OEE [C—JQUALITY(Q) [—PERFORMANCE (Pf) ~=—"JAVAILABILITY (Av) ==@==% ACUM OEE —=@=—QUALITY PERFORMANCE ~ ==@==AVAILABILITY




w =i = 3 ( = O ) Page 1/1
I, : gb’?gA Edited by: J. Pereira
orporate Team Members: Carla Fernandes (CF), Conceigdo Rosa (CR) Coordinator: Pedro Alexandre (PA) 31-May-2018, Ed.8
Photos of the team members 4. IMPROVEMENT ACTIONS
ANALYSE PLAN DO CHECK ACT
OEE below target (F3 LM) —
Main Causes/Sources Module Actions Resp | Date 0 Date Process People
mprovement
N
2 M E ASU RE (5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) % (dd-Mmm) (MMM) | (WK) (IFAA-XXIXX-999) (audit)
11 Desvios de \:elomdade F3LM . VW Polo portas: Alterar ppsto de mpntagem de cabo por forma a Po | 31/mai 0.70% 31/05/2018 | MAI |wk22 OPEN
TARG ET = 83% (1.8%) incorporar montagem do clip no terminal de cabo no posto de aparar
o o o
| 1°update cP | 2 Calculate OEE/A3 | | 3 Refresh Graphs | Disponioicade (A 6.9% ¢ ....._ . Kanboard #9605
5 F3LM RG3 A - plano de melhoria de disponibilidade = 0,28%. FT/PR| 14/mai 0.14% 14/05/2018 | MAI [ WK20 CLOSED
Setups 2.8%) Kanboard #9925
. o o . ’ .
1 Disponibilidade (on 6.9% + F3LM PSA Travao - Dar maior robustez ao guiamento da gaveta coletora de FH 06/mai 0.10% 06/05/2018 | MAI |wki1s| Kanboard #11233 CLOSED
Setups 2.8%) cabos OK (51 horas de paragem) -
OEE & RG EVOLUTION (F3 LM) 9 Des"'“g%‘;f;“'"“‘* F3LM PSA Travdo _ Desvio na rutalplano de acoes ref 695 LN | o5/mai 0.06% 05/05/2018 | MAI |WK18| Kanboard #9140 CLOSED
100% Disponibilidade (Av 6.9% + PSA travéo - Plano de constituigao de 3,5 dias de stock. Objetivo redugéo . o
95% 2 Setups 2.8%) F3LM 30% # setups, Impacto actual = 89,7h PA 11/mai 0.04% 11/05/2018 | MAI [ WK19 CLOSED
90%
85%
80%
75%
70%
65%
60%
55%
50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
D Y S <« »® C3 C) o N o > 3 > > C
S & \§ L & & & & & 4 N S S N
S N ¥ g R & & S S U A A
& o o o > ® . ® . .
1° Order PDCA actions 2° Archieve closed PDCA actions
mmmm OFE W RG  em@==FORECAST
PARETO OEE MAY (F3 LM) - Below 80%
( ) Q & Pf & Av EVOLUTION (LM 13 Polo - 24036401)
100% p 100% 100(y o & 8- 8- 8- 8- 8- 8- 8- 8- 8- 8- 8- 8- o
95% = ] 95;
— — b
90% — — ] o ] ] -y ] 90% 90% O\/‘\.
85% || — — - N o ] 85%
80% - L 80% 80%
75% — L] 75%
70% 70% 70%
65% = 65%
60% 60% 60%
“
55% d 55%
50% L 50% 50%
45% 45%
40% L] 40% 40%
35% B 35%
9
30% | 30% zg:
o
20% 20% ’
L 15%
15% " 10%
10% L 10% o
5% 0%
0% 0% z prr 3 & < ] 3 5 S N it it et it it
e . R R L - w s < > x x X X X =} =} o =} o
LR1 (24043301) LM - 13 Polo Y20 (24043201) Multirefas Ficotriad LM-13 Volvo N43  LM_80 Capots Banjos 1 B78 (24044001) Magna 139/225 Transit int W205 (24044501) = = = = = 9 9 9 9 9
(24036401) (24045201) (24050401) (24045501) Pequenos (24043701) (24033001) (24044701) g 8 g g §
VW/SEAT 2 2 =] - ]
(24045901)
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6.5 ANNEX5 — A3 documents of Scrap KPI

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



A3 (KPI

P-QA-XX/XX-10-H

= SCRAP) Page 1/1
c ‘ Edited by: J. Pereira
orporate Team Members: Pedro Alexandre (PA); Francisco Ferreira (FF); Rui Dias (RD); Paulo Agostinho (PG); Vitor Pinto (VP) Coordinator: Costa Pereira (CP) 17-May-2018, Ed.6
Photos of the team members 4. IMPROVEMENT ACTIONS
. ANALYSE PLAN DO CHECK ACT
SCRAP Quantity and Cost (Global)
Main Causes/Sources Module Actions Resp Date |SCRAP Date Process People
N
2_ M E ASU RE (5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) EUROS (dd-Mmm) | (MMM) | (WK) (IFAA-XX/XX-999) (audit)
2 Scrap ES‘H\(/)gé)GOO F3_ F3 El Alterar processo de fabrico tradicional para maquinas "Chinesas" PG | 25/mai 960.0 25/05/2018 [ MAI |WK21 | Kanboard #13055 OPEN
[ 1° Update BPCS ] [ 2° Calculate SCRAP/A3 | [ 3° Refresh Graphs ] Sorap assodiadoa pomTs
1 F3LM Aplicar cortante com movimento de fixagéo e corte independentes PR [ 31/mai 31/05/2018 [ MAIl |WK22 | Kanboard #13045 OPEN
Scrap associado a ppm's Rever condigdo presséo pneumatica para condigao ideal de trabalho das .
4 F3LM ) = VB | 14/mai 14/05/2018 | MAI |WK20 | Kanboard #9452 OPEN
SCRAP (€) EVOLUTION (GLOBAL) GM linhas_ag&o
Sucata arame Recolher no final de cada turno de todas as linhas S.Mat e pesar o .
18000
3 AR13200E00A F4 LM mesmo , para fazer RH . RD 26/mai 26/05/2018 [ MAI |WK21 | Kanboard #10949 OPEN
16000
14000 2 xvs3 Sucata F4 INJ Problemas com bicos de injegao ML | 22/mai 22/05/2018 | MAI |WK21 | Kanboard #10095 OPEN
12000
10000 4 Sz F4 CA Validar correcta conformagao na TEC . GF | 31/mai 31/05/2018 | MAI [WK22 | Kanboard #13001 OPEN
8000 afinagdo(Dorcas)
6000 6 E'e"ad‘;‘g’\"?;‘de sucatade| o\ |Fixar o maior n° possivel de moldes a maquinas (atualmente 6 maquinas).| FF | 31/mai 31/05/2018 | MAI |WK22| Kanboard #12077 OPEN
4000 epital
2000 2 Purgas de PA preto F2 INJ Separar e reportar sucata com a referencia correcta CR | 27/mai 31/05/2018 [ MAI |WK21 | Kanboard #14405 OPEN
0 sucatadas como POM
WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WKI0 WK1l WK12 WK13 WK14 WK15 WK16 WK17 WK18 WK19 WK20 WK21 WK22 5 i
5 tSuc'ata na afinagéo do F2 INJ Procurar no mercado amostrg e testar outro fornecedor e tipo de ML | 31/mai 31/05/2018 | MAI |wk22| Kanboard #11099 OPEN
erminal vermelho L405 pigmento E—
SCRAP (QTY) EVOLUTION (G LOBAL) 3 Falhas no reyestimento F1 Criar emenda em plastico com rosca um novo desz_enho para resistir ao AP | 20/mai 600.0 20/05/2018 | MAI [wk20| Kanboard #12501 OPEN
espiral processo de revestimento de espiral -
180000 . - e i
2 Problemas desbobinagem F1 Montagem de'ri)ldanas para facmta.r a sa!da d(? tubp das caixa e que PR 18/mai 600.0 18/052018 | MAI |wk20| Kanboard #12399 OPEN
160000 c/ nova bem. tambem irdo garantir a sua existencia no interior do espiral -
140000 i ; — . . N
1 AR1201A5 - Valor mais F1 Melhoria do processo de distribuicdo e garantlg exgta da quantidade de DF 10/mai 400.0 10/05/2018 | MAl [wk19| Kanboard #14005 OPEN
120000 alto de Scrap arame durante o processo da pré-laminagem -
100000
80000
60000
40000 [ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
20000
0
WK1 WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WKI0 WK1l WK12 WK13 WK14 WK15 WK16 WK17 WK18 WK19 WK20 WK21 WK22
PARETO SCRAP COST MAY (GLOBAL) SCRAP COST EVOLUTION (F4 INJ)
10000 @ < O L 100% 4500
9000 90% 4000
8000 80% 3500
7000 70%
6000 60% 3000
5000 50% 2500
4000 40% 2000
3000 30%
2000 I I 20% 1500
1000 10% 1000
’ H B = - _ o
F4 INJ F2INJ F3 LM F4 CA F2LM F4 LM F2EIL OUTROS F2 EIP F3El F2SB PROTOS 0 500
0
m— VIAY (€)  =@=% CUM. MAY 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
PARETO SCRAP QTY. MAY (GLOBAL) SCRAP QTY. EVOLUTION (F4 INJ)
100000 ° ° 100% 14000
90000 90% 12000
80000 80%
70000 70% 10000
60000 60%
50000 50% 8000
40000 40%
30000 30% 6000
20000 20% 4000
10000 I l 10%
. | | | - —_— 0% 2000
F3LM F2INJ F2LM F4 INJ F2 EIL OUTROS F2 EIP F4LM F3El F4 CA F2SB PROTOS
0
— MAY (QTY) ©=% CUM. MAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
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P-QA-XX/XX-11-H

. - SCRAP) Faoe
Edited by: J. Pereira
Corporate. Team Members: Filipe Teixeira (FT); Andreia Pereira (AP); Susana Costa (SC) Coordinator: Rui Dias (RD) 20-May-2018, Ed.4
1. DEFINE

Photos of the team members

SCRAP Quantity and Cost (F4)

2. MEASURE

[ 1° Update BPCS ][ 2° Calculate SCRAP/A3 ] [ 3° Refresh Graphs ]

SCRAP (€) EVOLUTION (F4 INJ/CA/LM)

WK3 WK4 WK5 WK6 WK7 WK8 WK9 WK10 WK1l WK12 WK13 WK14 WK15 WK16 WK17 WK18 WK19 WK20 WK21 WK22

6000

5000

4000

3000

2000

1000

0
WK2

18000
16000
14000

SCRAP (QTY) EVOLUTION (F4 INJ/CA/LM)

2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WKI10 WK1l WK12 WK13 WK14 WK15 WK16 WK17 WK18 WK19 WK20 WK21 WK22

12000
10000

8000

6000

4000

2000

0
WK

3. ANALYSE

PARETO SCRAP COST MAY (F4 INJ/CA/LM)

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

100%
90%
80%
70%
60%
50%
40%
30%
20%
— o

0%

F4 LM

F4 INJ F4 CA

— VAY (€) =@=% CUM. MAY

PARETO SCRAP QTY. MAY (F4 INJ/CA/LM)

30000 100%
90%
80%
70%
60%
15000 50%
40%
30%

5000 20%
0 0%

F4 INJ F4 LM F4 CA

25000

20000

10000

m— MAY (QTY) =@=% CUM. MAY

4. IMPROVEMENT ACTIONS

ANALYSE PLAN DO CHECK ACT
Main Causes/Sources Module Actions Resp Date |SCRAP i Date Process People
N
(5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) EUROS (dd-Mmm) (MMM) | (WK) (I-AA-XX/XX-999) (audit)
Sucata arame Recolher no final de cada turno de todas as linhas S.Mat e pesar o .
3 AR13200E00A F4 LM mesmo , para fazer RH . RD | 26/mai 26/05/2018 [ MAI |WK21| Kanboard #10949 OPEN
2 xvs3 Sucata F4 INJ Problemas com bicos de injegdo ML | 22/mai 22/05/2018 | MAI | WK21| Kanboard #10095 OPEN
Sucata de ) = .
4 = F4 CA Validar correcta conformagéo na TEC . GF | 31/mai 31/05/2018 | MAI |WK22 | Kanboard #13001 OPEN
afinagdo(Dorcas)
1 Top 3 sucata F4 Analise diaria 1° D. Produgao e R. Técnico e em seguida na Rip RD 18/mai 18/05/2018 | MAI |WK20| Kanboard #11840 OPEN
7 Moldes criticos F4 INJ Afinagado por gabarit + molde GF 14/mai 14/05/2018 | MAI | WK20| Kanboard #10000 CLOSED
5 Arame 4 vista apos injegao F4 INJ Rever bocas de lobo e fixador do aramg no molde 2, deforma a absorver Js 10/mai 10/05/2018 | MAl [wk19| Kanboard #13003 CLOSED
.MVS2 o arame nos dois moldes . -
6 |Molde danificado , HABO1 .| F4 Ny |COnfirmar e validar que todas as maquinas estéo afazer ofestedegitoe| 1) | 39my; 31/05/2018 | MAI |WK22| Kanboard#13040 |  GLOSED
o fecho do molde com a presao inferior a (30 kg).
[ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
SCRAP COST EVOLUTION (F4 INJ)
4500
4000
3500
3000
2500
2000
1500
1000
500
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
SCRAP QTY. EVOLUTION (F4 INJ)
14000
12000
10000
8000
6000
4000
2000
0
1 2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
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Corporate Team Members: Filipe Teixeira (FT); Andreia Pereira (AP); Susana Costa (SC)

Coordinator: Rui Dias (RD)

Page 1/1

Edited by:
20-May-2018, Ed.4
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1. DEFINE

Photos of the team members

[

5000
4000
3000
2000
1000

0

1400
1200t
1000t
800!
600
400
2001

4. IMPROVEMENT ACTIONS

. ANALYSE PLAN DO CHECK ACT
SCRAP Quantity and Cost (F4 INJ)
Main Causes/Sources Module Actions Resp Date |SCRAP Date Process People
N
(5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) EUROS (dd-Mmm) (MMM) | (WK) (I-AA-XX/XX-999) (audit)
2 xvs3 Sucata F4 INJ Problemas com bicos de injegdo ML | 22/mai 22/05/2018 | MAI | WK21| Kanboard #10095 OPEN
Jec
Update BPCS ][ 2° Calculate SCRAP/A3 ] [ 3° Refresh Graphs ]
1 Top 3 sucata F4 Analise diaria 1° D. Produgéo e R. Técnico e em seguida na Ri RD 18/mai 18/05/2018 | MAI [WK20| Kanboard #11840 OPEN
P G g P
SCRAP (€) EVOLUTION (F4 INJ) 7 Moldes criticos F4INJ Afinagéo por gabarit + molde GF | 14/mai 14/05/2018 | MAI [WK20| Kanboard #10000 CLOSED
5 Arame 4 vista apos injecao F4 INJ Rever bocas de lobo e fixador do aramg no molde 2, deforma a absorver Js 10/mai 10/05/2018 | MAl [wk19| Kanboard #13003 CLOSED
.MVS2 o arame nos dois moldes . -
6 |Molde danificado , HABO1 .| F4 Ny |COnfirmar e validar que todas as maquinas estéo afazer ofestedegitoe| 1) | 39/my; 31/05/2018 | MAI |WK22| Kanboard#13040 |  GLOSED
I I I I I I I I o fecho do molde com a presao inferior a (30 kg).
WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WK10 WK1l WK12 WK13 WK14 WK15 WK16 WK17 WK18 WK19 WK20 WK21 WK22
SCRAP (QTY) EVOLUTION (F4 INJ)
0
0
0
0
0
0
0
0
WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WKI10 WK1l WK12 WK13 WK14 WK15 WK16 WK17 WK18 WK19 WK20 WK21 WK22
3. ANALYSE [ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
PARETO SCRAP COST MAY (F4 INJ)
500.0 € — 100% 5. CHECK RESULTS
450.0€ 90%
400.0 € 80%
3500€ 0% SCRAP COST EVOLUTION (Q3045QMQ00134 - 4 PRODUTO FINAL NOK)
. 3
150.0€ 30%
100.0 € 20%
o o s o s v : o o o o , s ” ) ° 0% m— MAY (€)
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6.6 ANNEX 6 —A3 documents of Availability KPI

CONTINUOUS IMPROVEMENT AND DEVELOPMENT OF KPI’S IN THE METALLIC CABLES INDUSTRY JOAO PEREIRA



P-QA-XX/XX-11-H
- P 17
Y =EcaosA A3 (KPI AVAILABI LITY) Edited b?/?e J. Pereira
Corporate Team Members: Pedro Alexandre (PA); Francisco Ferreira (FF); Rui Dias (RD); Paulo Agostinho (PG); Vitor Pinto (VP) Coordinator: Costa Pereira (CP) 09-May-2018, Ed.7

1. DEFINE 4. IMPROVEMENT ACTIONS

Photos of the team members

. aps ANALYSE PLAN DO CHECK ACT
Availability (Global) pw
Main Causes/Sources Module Actions Resp Date ety Date Process People
improvement
N
2_ M E ASU RE (5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) % (dd-Mmm) [ (MMM) | (WK) (I-AA-XX/XX-999) (audit)
3 GM Auto V F2LM Solicitar plano de melhoria de disponibilidade a equipa de processos PA | 08/mai 08/05/2018 | MAI |WK19| Kanboard #14305 OPEN
[ 1° Update CP ] [ 2° Calculate AvallabllltY/A3] [ 3° Refresh Graphs ] Implementar metodologia de analise e resolugdo de problemas no
1 GM Auto IV F2LM formato digital. Objetivo : Standardizar as intervengdes e por BP | 08/mai 08/05/2018 | MAI |WK19| Kanboard #12910 OPEN
consequéncia aumentar a disponibilidade
Melhoria na disponibilidade da linha (foco no posto de introduzir e aparar .
% AVAILABILITY (GLOBAL) 2 B562/V526 F3LM cabo) VB 31/mai 31/05/2018 | MAI |WK22| Kanboard #14006 OPEN
100%
3 Avaria Mag. F4 INJ Antecipar revisao anual aos sistemas com > impacto RD 31/mai 31/05/2018 | MAI [WK22 | Kanboard #13029 OPEN
95%
90% 2 (N mi‘;“'g; g F4INJ Substituigo do cilindro VB | 20/mai 20/05/2018 | MAI |WK20 | Kanboard #12670 OPEN
85% injecgdo n°7 (3Sem)
80% a| & g:::]‘i’:;ag“ na | FaiNg Colocagao de manipulador PO | 12/mai 12/05/2018 | MAI |WK19| Kanboard #11000 OPEN
75%
70% 5 'PF—OG:;aO':]ata‘LZS”b°°“J F2INJ Ajustar estrutura de operadores ao nivel das pré-montagens FF | 31/mai 31/05/2018 | MAI |WK22| Kanboard #13047 OPEN
65%
5 IPM_14: falta de . . . .
60% 7 subconjunto montado F2 INJ Ajustar estrutura de operadores ao nivel das pré-montagens FF 31/mai 31/05/2018 | MAI |WK22| Kanboard #14789 OPEN
55%
50% 3 |IPM_14 : Molde danificado | F2 INJ Dimensionar estrutura dﬁesc‘;ps‘;':jzz:'a reparagdes internas a PO | 31/mai 31/05/2018 | MAI |WK22| Kanboard #12099 OPEN
45% 3
0% 4 et&‘zz;‘x‘?ggtes F1 Planificar a produgéo das ref.? 005/006 para mais de uma semana DL | 10/mai 10/05/2018 | MAI |WK19| Kanboard #11102 OPEN
35% Limitador terminal cabo
30% 2 FICOTRIAD F1 Verificar se é possivel alterar o limitador LN 20/mai 20/05/2018 | MAI |WK20| Kanboard #14076 OPEN
25% constantemente a partir
5 Tempo de espera da
20% 1 Manutengéo para F1 Aguarda plano de agdes da Manutengao VB 08/mai 08/05/2018 | MAI |WK19| Kanboard #13985 OPEN
15% substituicad de pegas
10%
5%
0% [ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
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A3 (KPI - AVAILABILITY) Page 1/1
c ‘ Edited by: J. Pereira
orporate Team Members: Conceigio Rosa (CR) Coordinator: Francisco Ferreira (FF) 09-May-2018, Ed.7
Photos of the team members 4. IMPROVEMENT ACTIONS
- g ANALYSE PLAN DO CHECK ACT
Avallablllty (F2 |NJ) Availabilit
Main Causes/Sources Module Actions Resp | Date 0 afiabity Date Process People
mprovement
N
2_ M E ASU RE (5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) % (dd-Mmm) | (MMM) [ (WK) (IFAA-XX/XX-999) (audit)
5 'PF—OG:;ﬂftadfos”bw”J F2 INJ Ajustar estrutura de operadores ao nivel das pré-montagens FF | 31/mai 31/05/2018 | MAI |WK22| Kanboard #12056 OPEN
[ 1° Update CP ][ 2° Calculate Availability/A3 | [ 3° Refresh GraphsJ TRy
7 - F2INJ Ajustar estrutura de operadores ao nivel das pré-montagens FF 31/mai 31/05/2018 | MAI |WK22| Kanboard #13045 OPEN
subconjunto montado
% AVAILABILITY (F2 INJ) 3 | IPM_14 : Molde danificado | F2 INJ Dimensionar estrutura d:;‘;‘;‘;:;g:'a reparagdes internas & PO | 31/mai 31/05/2018 | MAI |WK22| Kanboard #11098 OPEN
100% = . .
) 2 | Falta de espiral cortada | F2 Ny |'MPlementar modelo de gestdo para stock de espiral revestida e cortes da| ) | 44 14/05/2018 | MAI |WK20| Kanboard #14007 OPEN
0% ) e - -
o 6 IPM_13 : Molde MQB1 c/ F2 INJ Passar sensibilizagdo com registo a'c'erca~dos procedimentos para operar CR | 25/mai 25/05/2018 | MAI |Wk21| Kanboard #14000 OPEN
bastante tempo de indisp. com o molde (utilizagdo da chapa) -
80% 8 IPM_13 : Molde MQB1_ c/ F2 INJ Melhorar a configuragédo da cha_pa por forma a ellfmnar a possibilidade de HE | 02/mai 02/05/2018 | MAI |wkis| Kanboard 13465 OPEN
bastante tempo de indisp. mau posicionamento da espiral -
70% 1 IPM_11 : Avarias F2INJ Definir stock de réguas analégicas na Manutencéo (Fiser) VB 13/mai 13/05/2018 | MAI | WK19| Kanboard #11673 OPEN
60% 4 IPM_11 : Avarias F2 Ny | Verificar altura do bico em re'ag?:}:g;oe)sa (desgaste precoce dobicode | g | 4q/ 13/05/2018 | MAI |WK19| Kanboard #12446 OPEN
50%
40%
30%
20%
10%
0% ® . ® - .
I N Y [ 1° Order PDCA actions ] [ 2° Archieve closed PDCA actions ]
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W =ieo A3 (KPI - AVAILABILITY) T
fa U J Edited by: J. Pereira

Corporate Team Members: Conceigédo Rosa (CR) Coordinator: Francisco Ferreira (FF) 09-May-2018, Ed.7
1. DEFINE

Photos of the team members

4. IMPROVEMENT ACTIONS

. ags F4 ANALYSE PLAN DO CHECK ACT
Availability (IPM MULTIPLAS 13) —
Main Causes/Sources Module Actions Resp | Date Im;::erlv:e{tt Date Process People
N
2_ ME ASU RE (5 Why/Ishikawa, DOE) (Use short sentences in the active form, e.g: "prepare this", "make that", ...) (AA) | (dd/mmm) % (dd-Mmm) | (MMM) [ (WK) (IFAA-XX/XX-999) (audit)
6 IPM_13 : Molde MQB1 c/ F2 INJ Passar sensibilizagdo com registo a'c'erca~dos procedimentos para operar CR | 25/mai 25/05/2018 | MAI |Wk21| Kanboard #14000 OPEN
bastante tempo de indisp. com o molde (utilizagdo da chapa) -
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[ 1 Update CP ] [ 2° Calculate AV3||ab|||ty/A3 ] [ 3° Refresh Graphs J 8 lI)PM_13 : Molde MQB1_ c/ F2 INJ Melhorar a configuragédo da cha_pa por forma aeliminara possibilidade de HE | 02/mai 02052018 | MAI |wkis!| Kanboard 13465 OPEN
astante tempo de indisp. mau posicionamento da espiral -
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3. ANALYSE 5. CHECK RESULTS
PARETO STOPPAGE CAUSES MAY (IPM MULTIPLAS 13) WEEKLY EVOLUTION STOPPAGE HOURS (IPM MULTIPLAS 13)
350.0 O 100% 120
300.0 90%
80%
250.0 70%
200.0 60%
50%
150.0 0% 100
100.0 30%
20%
50.0 10%
0.0 | 0%

Z.902.FALTA DE ORDEM Z.255.FALTA DE PESSOAS Z.210.REPARACOES NO MOLDE Z.205.AVARIA MAQUINA Z.245.FALTA DE MATERIAL
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02-Sistema eletrico 03-Refrigeragdo / Perm. Calor 05-Sistema de Dossagem.
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