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2. Project Objective  
The work to be conducted in this project involved the transition of one of Australia’s leading 
boat trailer manufacturers, Mackay Multilink, from batch orientated production to a Lean 
Production System. The main focus is to eliminate wastes and enhance the existing value 
stream to produce a more cost effective and higher quality product at a lower labour cost. 
Upon beginning the project, the original productivity values are recorded. This information is 
gathered from previous scorecard results over the last 2 month period. The following results 
were obtained: 
The targeted objective is to reach a productivity output of over 1 trailer per worker regardless 
of the workforce size. 

· Benchmark productivity output – 0.666 trailers per worker 
· Benchmark labour force size for assembly only – 15.75 workers (Including 

absenteeism) 
· Benchmark number of average hours required per week – 598.5 hours 
· Benchmark average number of trailers built per week – 52.75 
· Average labour cost per trailer at a rate of $38.50/hour - $436.82 

In order to successfully drive towards a concept of truly Lean Production, the following key 
pillars of Lean Production Systems are to be analysed and enhanced: 

· Process Orientation 
· Pull Systems 
· Perfect Quality 
· Flexibility 
· Standardisation 
· Transparent Processes 
· Continuous Improvement 
· Associate Involvement 

 

3. Background information 
Mackay Multilink is one of 3 major boat trailer manufacturers in Victoria. The other two being 
Dunbier and Australian trailers.  
Dunbier produce an extensive range of trailers that can compete with Mackay Multilink in 
every category. Their current trailer range is of a lesser quality but at lower cost. 
Australian trailers have focused on capturing the bulk of the market by only supplying a 
range of trailers that cover the vast majority of boats seen on Victorian waters. This strategy 
has allowed them to produce a low cost trailer in shorter lead times, but eliminates any 
chance to cater for the niche market. 
An new competitor, Quintrex, has also joined the market. This company was originally a 
manufacturer of boats and has recently expanded to start manufacture of their own boat 
trailers also. This shift in strategy has impacted directly on Mackay Multilink’s market share, 
as they had previously supplied the vast majority of trailers to Quintrex.  
Mackay Multilink, now severely under pressure due to a rapid decline in orders, is forced to 
do all of the following to stay on top of their game: 

· Re-engineer their product line to reduce material costs without jeopardising product 
quality 

· Adapt to Lean production methods in an attempt to reduce labour costs and improve 
product quality 

· Look into other potential products that could be manufactured 
· Look at alternative sales strategies 
· Run an intensive marketing campaign 
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Mackay Multilink is a classic example of an organisation growing inefficiently beyond its 
demand. 
The original owner, Ian Mackay, started the business and originally only supplied to the local 
market with a small range of trailers. Over time, Mackay’s product range grew and so too did 
its client base. Today, Mackay Multilink supplies Australia wide and covers all areas of 
marine craft with its trailer range. Unfortunately, the rapid growth in demand and lack of 
investment has allowed this business to develop many festering process inefficiencies that 
are reaping the profits of the business. In order to turn this scenario around much effort is 
required in implanting Lean Production Systems. 
 

4. Theoretical Concepts - Lean Principles Overview 
In order to clearly understand and appreciate the goals of this project, some knowledge is 
required of Lean Production Systems. 
The chart below will clearly explain the key pillars of Lean production systems and show how 
they interact with one another. 

�
�
�
�
�
�
�
�
�
�
�
�
�
�
Figure 4.1 – Lean Production Systems Pillars (Vative, 2004) 
 
The following meanings will help you understand what each pillar of Lean Production 
Systems represents. 
 

4.1. Associate Involvement  
This requires individuals and teams working within the work systems to participate in the 
introduction and contribute to the design of systems and methods introduced. This allows 
associates to develop an ownership of aspects within the work system and encourage 
participation, thus reducing the resistance to change. 
 

4.2. Process Orientation  
This requires that all processes, whether production or other, are conducted in the most 
efficient manner and eliminate all non-essential, non-value adding operations and tasks. This 
involves the process itself, documentation and data systems and production methods. 

Process  
Orientation 
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Systems 
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Production  
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4.3. Pull Systems  
This requires production systems to only make and store materials according to customer 
demands, meaning that only the right products are made when the customer wants them, in 
the quantity that the customer desires and delivered at the time that they are needed. Any 
more is waste, and any less is an issue. This usually involves moving all high volume product 
variants to Kanban systems, which allow for automatic inventory control and a systematic 
way to trigger the replenishment of material supply. 
 

4.4. Standardisation  
This refers to the development of methods and tooling to ensure products are made 
continuously, with the most efficient techniques and at the highest quality standards. This 
mostly involves smartly designed processes, clear production instruction, standardized 
working patterns and a common pool of components for varied products.   
 

4.5. Perfect Quality  
Perfect Quality is striving for zero defects during production. It enforces a method and culture 
that will make sure that products are made right the first time and systems are designed to 
eliminate the chance of error, commonly known as Poke Yoke or fool proofing. No product 
should leave the process until every aspect of quality has been ensured to function according 
to specifications. 
 

4.6. Transparent Process  
Transparent Process allows for clear understanding of all aspects of the production system. 
A well developed process will be clear to an outsider without any training of the system. It 
requires good house keeping, labelling and charting. Clear and easy to follow instructions are 
required for any processing. 
 

4.7. Flexibility  
Flexibility allows the production system to make any product variant without losing production 
time when changing to new variants. This requires smart designs of fixtures, tooling and jigs 
with part identification systems that will allow for automated software change over programs. 
 
All pillars interact and support one another. It is not possible to fully develop one pillar without 
development of other supporting pillars. 
 

5. Project Scope 
As Mackay Multi-link is far from a benchmark standard in any of the pillars mentioned, an 
initial assessment of the production system is required to identify which aspects will bring the 
greatest benefit of the 6 month duration of the project. 
 
As a 6 month duration and limited resources will only allow for certain areas of these pillars 
to be impacted, analyses was required to select areas which will bring the greatest benefit 
within the given constraints of budget and time. 
The initial assessment revealed the performance of the assembly area had been operating 
below expected efficiency levels, and little or no development had been made in all of the 
following pillars: 
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· Process Orientation 
· Pull Systems 
· Perfect Quality 
· Standardisation 
· Transparent Processes 
· Continuous Improvement 
· Associate Involvement 

 
Based on this assessment, the following work has been proposed for the duration of the 
project: 
 

· Value Stream Map process  – this will allow for an overview of the business 
functions and highlight any major areas of waste and non-value adding operations. 

 
· Conduct time studies  of process for current high runner variants to determine work 

content required to produce products, and then use this information to develop a 
standard method to conduct work in the most efficient manner. This will also break up 
work areas and assign specific tasks to individuals to enhance quality control and 
process efficiency.  

 
· Assess material storage, exchange and ordering syst ems to discover wasted 

operations of process and highlight pitfalls in stock controlling systems which lead to 
material shortages. 

 
· Assess volumes and determine pull rates and minimum  stock holding 

requirements  so that effort is only made on products, which are made most 
frequently. Holding high quantities of stock for slow moving products incurs high WIP 
costs unnecessarily.  

 
· Develop layout plan for improved system  to aid in the development of Process 

Orientation pillar. The aim of this exercise is to reduce walking times of operators and 
provide the right materials in the right quantity at the location for which it is used. This 
will improve overall work efficiency. 

 
· Develop labour plan and link capacity to production  schedule planning  – this 

will allow the production planning department to clearly schedule trailers according to 
assembly line capacity. Clearer planning will aid in making customer deliveries on 
time and assist in setting achievable targets for production teams. 

 
· Introduction of Heijunka planning boards  will aid in transparency of the process, 

giving production insight as to what future products are planned and encourage 
planning groups to plan trailers more thoroughly in production. 

 
· Develop work instructions  to aid in the standardisation of work practices and 

reduce the time required to train new operators. 
 

· 5S work, remove wastes & develop work trolleys  will serve the pillar of Associate 
Involvement and also drive towards Standardisation of equipment storage and 
provide more transparent processes. 

 
· Developing Kanban system for material replenishment  will aid directly in the pillar 

of Pull Systems and alleviate material shortage issues. 
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· Re-layout workshop according to planned layout  will directly aid the pillar of 
Process Orientation and reduce inefficiencies in working patterns associated with 
storage location. This task will strive to achieve having all items placed in the area of 
operation that uses the materials and equipment most frequently. 

 
· Floor mark area  – will directly aid Standardisation of the workshop and Process 

Orientation. 
 
Before commencement of any project, current performance must be measured to establish a 
comparative benchmark after implementation of improvements. 
 
Once all tasks have been completed, the workshop’s key measurables will be reported to 
determine the effect of all improvement projects implemented, and then reassessed to 
determine the next steps. 
 

In order to implement all of the above project objectives, the following Lean Production 
System tools must be used: 

· Value Stream Mapping 

o 7 Wastes Identification 

· Demand/Pull Analysis 

· Standardisation of Work 

o Universal Analysing System 

o Stopwatch Studies 

o Operator Loading Plans 

o Line Balancing 

· Score Boarding 

· Layout Planning 

o Facilities Layout 

o Work Place Layout 

o 5S 

· Level Planning 

o Heijunka Boards 

o Capacity Planning 

· Kanban Systems 

 

These tools are strongly support by: 

· Ergonomics 

· Root Cause Analysis 

· Quick Change Over 

· Poke Yoke 
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6. Lean Production System Tool Kit 

6.1. Value Stream Mapping 
Value Stream Mapping (VSM) is a tool that allows the user to generate a complete overview 
of any process including suppliers and customers. The Value Stream can be mapped for 
processes that do not currently exist and acts as an excellent tool to plan new processes 
efficiently. This tool is also often used to generate the complete state of a current process, 
commonly referred to as the “Current State Map”. The objective of this process is to capture 
a snap shot of the current process and identify any of the 7 wastes. Once all of these wastes 
have been identified, a new Value Stream Map should be generated for the ideal state 
(Value Stream Design or VSD). The VSD is then used to determine the major actions 
required to transform the system into the proposed efficient VSD. 
Value Stream Mapping is conducted using many standard symbols that act as a common 
language in the manufacturing world. 
 

 
Figure 6.1 – Value Stream Mapping Symbols (Vative, 2004) 
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These symbols are used in conjunction with one another to represent the process as best as 
possible.  
Figure 1.2 provides a simple example of a typical process represented in Value Stream 
Mapping format. 
 

 
Figure 6.2 – Value Stream Mapping Example (Vative, 2004) 
 

6.1.1.      7 Wastes Identification 
The 7 Wastes (7W) are common forms of waste often found in any process. Vative have 
developed a basic acronym to help users of the Vative system understand and remember 
what these wastes are (WODMITS). When analysing wastes, one must consider what the 
customer is willing to pay for.  Anything more is considered a waste, unless it is necessary 
for quality or basic material flow. 

· Waiting – this is mainly associated with operators or post processes standing idle due 
to poorly balanced process steps or inflexible work systems 

· Overproducing / Overprocessing – making more than is required. Any stockpile within 
the process is a potential waste. Single piece flow is the ultimate goal. Each stockpile 
creates additional handling steps and can delay the identification time of quality risks. 
Overprocessing commonly occurs when a product is over engineered. For example, if 
a cover is adequately secured using 4 screws and the product is designed to use 6, 
then the process to assemble the cover will be over processing 2 additional screws 
for every unit made 

· Defects – Any defect in the product creates rework and additional handling steps, all 
of which the customer is not willing to pay for 

· Motion – Excessive movements of operators and machines cause unwanted delays 
in output and also generate non-value adding energy expenditure or machine wear 

· Inventory – Inventory stockpile or Work In Progress (WIP) are piles of invested 
money that are not generating returns. It is often considered that this money could be 
better used in investments that return profits. Internal inventory stockpiles also delay 
the exposure of defects and hide process inefficiencies 
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· Transport – A common occurrence of waste occurs when materials are moved to a 
location for storage, and then moved to a point of assembly or use. The common 
method of eliminating this waste is the “ship to line” approach. Ship to line systems 
allow suppliers to deliver materials directly to the point of use 

· Space – When more space is used than is required. This space could otherwise be 
used for different processes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 – 7 Wastes Diagram (Vative, 2004) 
 
All the above wastes are generally considered when analysing the developed Value Stream 
Map. 
 

6.2. Demand/Pull Analysis 
A Demand/Pull Analysis makes an assessment of which product variants are most 
commonly made and in what size. The common method of approach for Demand / Pull 
Analysis is to take past history product orders and determine what percentage of each 
variant is made. These percentages are added, starting from the highest percentage, until 
the addition of variants is equal to or nearest to 80% of the total volume made. This is 
commonly known as the 80/20 rule. The 80/20 rule implies that 80% of the total volume 
made is made up from 20% of the variants. The 20 percentile of variants are then scheduled 
using Kanban systems. 
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6.3. Standardisation of Work 
Standardised work is simply setting forth a standard set of working goals for any particular 
process step. This gives the worker a clear understanding of: 

· How it needs to happen 
· Which order it should happen in 
· Where things need to go 

 
In order to make this work, simple step detailed knowledge is required of the process to 
clearly understand how the process should occur, in which order and where things should 
logically be kept. This process is commonly referred to as the time study of operations.  
Time Studies can be conducted using a range of methods commonly used in manufacturing 
environments. The methods that will be explored in this project will be: 

· Universal Analysing System (UAS) 
· Stop Watch studies 

6.3.1.      Universal Analysing System 
UAS is a system developed by the Germans in the 70’s (Deutsche MTM-Vereinigung E.V. 
1978). This system breaks down the basic movements of workers into 5 basic steps: 

1. Grasp 
2. Move 
3. Reach 
4. Position 
5. Release 

 
This system standardises these movements and allocates a code and associated time with 
each movement. The coded UAS system can then easily be used to pre-determine times of 
processes or simply assess a current process without influences of worker performance. This 
method is typically used for repetitive operations and processes where pay is based on 
performance. 

 
Figure 6.4 – UAS Code Sheet (Deutsche MTM-Vereinigung E.V. 1978) 



 
LEAN PRODUCTION SYSTEMS (VATIVE – LPS)  MACKAY MULTI-LINK PROJECT 

VATIVE – TRULY INNOVATIVE  13 COPYRIGHT 2006 

6.3.2.      Stopwatch Studies 
This method of time studying is the most basic. Actions performed are recorded and an 
associated time is allocated for each action. This is measured over 10 repetitive cycles and 
an average is finally taken. This time must then be assessed for worker performance. This 
can therefore make this method of approach somewhat subjective to the timer’s opinion of 
the workers performance. 

6.3.3.      Operator Loading Plans 
Once time studies are conducted for every process step within the process, these times are 
then collated into an overview sheet, known as an Operator Loading Plan (OLP). The OLP 
provides a clear representation of the labour requirements of the process. Once the OLP is 
complete, it can easily become clear which areas require Labour Balancing and which areas 
require process improvement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5 – OLP Diagram (Vative, 2005) 

6.3.4.      Line Balancing 
Line Balancing requires detailed analysis of the OLP to determine which workers are under 
loaded and which are over loaded. Labour is then redistributed where possible to balance the 
system. Any processes that are unable to be redistributed then become focal points for 
improvement. The aim is to achieve a process that has all the process steps equally 
balanced with labour requirements. This will then eliminate any unwanted waiting times. 

6.4. Score Boarding 
Score Boarding is the term often used for charting process performance. When charting 
process performance, three main areas must always be tracked for optimum work systems. 
They are: 

1. Productivity – how efficiently a process is making its product or service 
2. Output – how many products or services are being provided 
3. Quality – what is the yield of that process and what percentage is made right the first 

time around 
 
All these areas of recorded statistics provide valuable feedback in relation to the system 
performance and drive the process team towards goals for improvement. 
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6.5. Layout Planning 
Layout Planning can occur on a macro level (Facilities Layouts) and a micro level (Work 
Place Layout). Each level attempts to achieve the same goals of minimised waste of space, 
and shortest path to most frequent activities. 

6.5.1.      Facilities Layout 
Facilities layout planning requires assessment of the overall process and that process within 
the environment around it.  
The Vative method for Facilities layout planning: 

· Highlight all equipment required directly to make high volume products 
· Place all equipment in logical sequence as per the process map 
· Place most frequently used equipment closest to work stations 
· Place all incoming material according to frequencies of use 
· Assess the layout for strengths and weaknesses 
· Run scenarios of proposed layouts with process team to highlight any unforseen risks 

and issues 
· Propose concepts developed with management team including pros. and cons. 
· Obtain approval to move forward on 1 concept only 

 
Layout planning is conducted using software AutoCAD. This is a drawing package which 
allows for 2D representation of a plan view of the process. A standard set of colors are used 
to identify different objects quickly within the layout. The colors used in the Vative systems 
are: 
Black – Equipment and buildings 
Red – Materials 
Blue – Floor marking 
Aqua – Mobile plant 
Magenta – New equipment 
Green  - Dimensions and service lines (Gas, water, air, power, etc.) 
 

 
Figure 6.6 – Facilities Layout Plan (Vative, 2006) 
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6.5.2.      Work Place Layout 
Work Place Layout use very similar methods to Facilities Layouts however they look at 
details specific to each operation. 
The Vative method for Work Place layout planning: 

· Highlight all equipment required directly to make high volume products 
· Place all equipment in logical locations as per Standardised Work sequence 
· Place most frequently used equipment closest to worker 
· Place all incoming material according to frequencies of use 
· Assess the layout for strengths and weaknesses 
· Run scenarios of proposed layouts with worker of the station 
· Propose concepts developed with management team including pros and cons 
· Obtain approval to move forward on 1 concept only 

6.5.3.      Implementing 5S 
5S is a cleaning and organisation system developed by the Japanese. The 5Ss represent 
different stages in a journey to setting up a fully sustained, orderly and clean work 
environment. 
5S stands for: 
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Figure 6.7 – 5S Meanings (Vative, 2006) 
 

6.6. Level Planning 
Level Planning is an action that attempts to smooth production orders so that there is a 
constant achievable demand on the work system. The objective is to achieve a demand that 
is equal to the productivity output of the process. In order to do this successfully, the planner 
must have some information about the labour requirements for each specific product 
scheduled. Once this information is known, the planner can plan the working schedule in the 
most efficient sequence at a demand that the process can deliver. 
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6.6.1.      Heijunka Boards 
A tool developed by the Japanese which is often used to execute production orders to a 
process, is the Heijunka board. Heijunka, means “level planning” in Japanese.  
The Heijunka board is a series of pigeon holes which provide production orders for given 
days/time periods for specific variants or variant groups. Orders which cannot be made within 
the planned time frame, are moved to the delay queue and the reason is recorded in the 
delay reasons sheet. This sheet is then used to drive action toward system improvement with 
an objective to reach a perfect level plan. 
Once the current job is completed, the next job is selected in sequence. Jobs in the delay 
queue are constantly assessed to see if the reason for delay is yet cleared. 
 
 
 
 

 
Picture 6.8 – Photo of Heijunka Board (Vative, 2006) 

6.7. Kanban Systems 
The Japanese also developed Kanban systems. Kanban is a simple system that controls 
stock quantities and automatically triggers stock replenishment without having to consider 
the quantity to order. 
The system requires material batches or single pieces being identified using a Kanban Card. 
This card identifies: 

· the material to be made or delivered 
· who supplies this material 
· in what quantity it is supplied 
· to where it is supplied 

 
The number of cards in the systems needs to be carefully calculated as each card represents 
material within the process. Too many cards means holding material unnecessarily, and too 
few means shortages in the supply line. This quantity of cards needs to take into 
consideration the demand rate for this particular material, the batch size in which they are 
replenished, the available holding capacity for the material and the lead time to 
replenishment. 

Days of week 

Delay Queue 

Delay 
Reasons 

Level Plan 
from Planner 

Product 
Variants 
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In principle, as materials are used in the process, the cards then trigger replenishment of this 
material in exactly the quantity in which it is used. The replenishment should occur before the 
remaining materials are used. Once the system is stable, this cycle can then occur 
continuously without further intervention. 

7. Literature Review 
Many similar works exists in comparison to the following information presented. Most all 
Lean consulting business use similar standard tools: 

· Waste Elimination 
· Demand Pull 
· Standardised Work 
· Score boarding 
· Layout Planning 
· 5S 
· Level Planning 
· Kanban 

 
Although these tools are used in similar works made by: 

· Nestadt Consulting 
· KMandT Consulting 
· Lean Aust Consulting 
· and most other professional consulting firms; 

What does greatly differ, is the way in which these tools are used and customised to suit the 
individual client needs.  
 
Waste Elimination  - The Vative system analyses wastes on both a micro and macro scale. 
Most all other case studies examined by the groups mentioned do not use detailed waste 
tracking methods described in the following report. 
 
Demand Pull  – Pull systems are a method of triggering production builds. This is customised 
to each specific project with the objective to trigger at the final assembly process and pull 
back through all other supporting processes. The technique for this is used in all case studies 
examined. 
 
Standardised Work  – Standardised work is something that all referenced consulting groups 
use, however again the content of this work will greatly differ from client to client and project 
to project. The Vative systems seem to make better use of pictures to describe the process. 
 
Score Boarding  – The method in which Vative use compared to Nestadt Consulting greatly 
differs in this principle. Vative methods strive to achieve a single point visualisation system 
for both short and long term goals (See Picture 7.5). We believe this system should be 
located directly in the production area so as to be seen by all workers within the area. Vative 
also vary in the way in which long term targets are presented. Only Vative use a target 
improvement feedback system. This system allows production teams to clearly see what 
changes management are making to help the team achieve the goals set forth. This method 
of approach helps to drive projects for improvement in a timely manner and assists in 
developing the associate involvement pillar. The Nestadt method uses scoreboard in the 
meeting room and is assessed in a daily meeting. This method does not include long term 
targets and does not tie in management plans to help achieve these targets. This method 
lacks transparency. 
 
Layout Planning  – The Vative layout planning technique differs to most other techniques in 
the way the layout planning is executed. Vative firstly develop a detailed accurate layout plan 
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of the current state and then use this to develop the initial draft of the improved process. This 
is then presented to the team including production for feedback and evaluation. Suggestions 
are made and then analysed to determine best compromises of conflicting ideas. These 
ideas are then drawn up into a final layout plan and signed off for approval. Vative differ 
mainly by the fact that a checklist is used to consider every possible improvement is built into 
the new layout plan. (See Figure 7.16) This allows for development of deeper issues like 
material supply and maintenance access. The case studies examined in all consulting 
groups mentioned seem to mostly scrap the surface by only focusing on material flow and 
neglecting all other non frequent activities. 
 
5S – This tool is something that all referenced consulting groups use. Vative methods differ 
slightly in training module content and some small details used within the system. The Vative 
system tends to use 5S audits and publishing of results for each area to drive improvements. 
This generates a competitive culture that allows for deeper knowledge absorption and 
participation from production teams. Our training techniques engage participants with direct 
working examples and provide hands on assistance and implementation programs. All other 
programs tend to use more the classroom and application approach leaving the teams to 
implement details. They also mostly use examples that do not directly relate to the work area 
being improved. 
 
Level Planning  – Level Planning systems help planners make smooth production builds. 
This is customised to each specific project with the objective to develop a rhythm in 
production and optimise labour resources. The Vative method differs as it uses higher-level 
technologies (MS Excel, See Figure 7.19) to support planning department to link planning to 
capacity. These schedules are then linked to the commonly used Heijunka boards (See 
Picture 6.8)  
 
Kanban – This is a standard tool with standard principles. This tool is used in the same 
manner as all case studies examined. Each case provides a customised appearance for the 
specific client. 

8. Implementation of Lean Production System Tools 
A successful introduction for any change within a work system is greatly dependent on 4 key 
factors. These factors are: 

1. Communication 
2. Workplace culture 
3. Change management 
4. Performance monitoring 

 
Each of these factors are equally important and requires that each be effective for the total 
change to be successful. 
 
Communication  is essential to allow all persons involved in the system to clearly 
understand: 

· What is happening to their work system 
· Why this is happening and the expected outcomes of the change 
· How will they be personally involved 
· When will the change occur 

 
Good communication allows people to feel like they are part of the project and helps them 
realise that they play important roles for achieving a successful outcome. Without good 
communication people can begin to feel left out and defensive of their current knowledge and 
position. Providing a vision of the project objectives and a roadmap of how the team is to 
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reach their vision eliminates unwanted surprises for the team and transfers ownership and 
responsibility. 
 
Workplace Culture  is something that grows with good initiation of all 3 other factors. The 
workplace needs a basic functional culture to be established before growth and improvement 
can begin. The main contributing factor to workplace culture is good team leaders. This 
includes team leading from senior management to management, management to 
supervisors/team leaders, supervisors/team leaders to project leaders and project leaders to 
team members. These people set the examples for the rest of the team for standards in: 

· What is acceptable behaviour 
· Work quality 
· Work ethics 
· Team involvement and communication 
· Responsibility and ownership 
· General house keeping 

 
Good culture is not entirely, but mostly related to personality, and stems from household 
cultures and values. Culture can only improve with repeated examples from leaders over 
time. 
 
Change Management  requires a person with experience and knowledge to lead the group 
through the change. Making improvements means making change. It requires that systems 
be implemented that not only promote efficiency, but also improve the work environment for 
those within it. Change tends to have different effects depending on people’s personalities: 
 
 
The Innovator  – these people get the most out of change.  They are normally very creative 
and welcome changes as they can see the long-term benefits. 
 
The Adaptor  – these people make up the vast majority. They initially feel uncomfortable with 
the change because it means learning something new. Once they learn the new system they 
adapt a positive attitude and start to see the benefits. 
 
The Resistor  – these types of people tend to think negatively about changes and can’t help 
but complain. They eventually fall from a team or become adaptors. 
 
In order to clearly identify if system changes were actually making benefits to the process, 
Key Performance Indicators (KPIs) needed to be established and measured. The main KPI 
to be measured was the number of trailers built per person. This would give a good indication 
for improvements made within the assembly factory.  The quality of the products produced 
would also be affected by speed of the process. The number of quality faults found per trailer 
was also measured to ensure that the same or better quality standards were achieved. 
A customized charting system was developed to allow the planning and scheduling 
department to list the daily target number of trailers to be built. At the end of each day, 
Production would note the achieved target number of trailers built and the number of people 
working.  The following information would be entered into the chart: 

· Week No. (Weekly by teamleader) 
· Planned trailers (Weekly by planning department) 
· Trailers built  (Daily by team leader) 
· Staff absent (Daily by team leader) 
· No. Quality Faults (Daily by team leader) 
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Below is the example of the template used to record daily data: 

 
Figure 7.1 - Weekly Targets Recording sheet (Vative, 2005) 
 
At the end of each week the values were totaled and the following information could then be 
calculated: 

· Avg number trailers built/person 
· Total Absenteeism 
· Avg number quality faults/trailer 
 

This information was taken down and recorded weekly into a performance tracking road 
map. This road map showed expected target averages and increases over time. Each 
increase was linked to specific project improvements to be implemented to clearly highlight to 
the workshop staff how we as a team were to achieve the targets set forth. 
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Below is an example of the template used: 

 
Figure 7.2 - Performance Road Map (Vative, 2005) 
 
The Absenteeism tracking chart highlights employees with excessive sick leave, and 
promoted team spirit by encouraging staff to maintain a low record of absenteeism. 
Additionally, this tool served as a public display for leave of staff and assisted team leaders 
in planning team leave to have least impact on production. 
 



 
LEAN PRODUCTION SYSTEMS (VATIVE – LPS)  MACKAY MULTI-LINK PROJECT 

VATIVE – TRULY INNOVATIVE  22 COPYRIGHT 2006 

Below is an example of the template used: 

  
Figure 7.3 - Absenteeism and Leave Record (Vative, 2005) 
 
The average number of quality faults were recorded to see how the increase in assembly 
efficiency was directly impacting quality of trailers. 
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Below is an example of the template used: 

 
Figure 7.4 - Yearly Trend Faults/Trailer (Vative, 2005) 
 
All the tools shown link together to ensure the project improvements made have a positive 
affect on the system. These tools are all part of developing the Transparent Process pillar 
from the Vative Leans Systems. 
 

 
Picture 7.5 - Production Scoreboard and Notices (Vative, 2005) 

 
Now with all these measures in place, the improvements process can begin. 
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8.1. Value Stream Map Process 
The initial current state map was developed to show the Mackay Multilink system and identify 
areas for improvements. 
This information is extracted from the team in a series of workshops to fill in details of the 
initial skeleton created by Vative. 
 

 
Figure 7.6 - Current State Map (Vative, 2005) 
 
The Current State Map identified the following process facts: 

· Lead time through system equal to approximately 28 days 
· Value Adding process time of operation approximately 375 minutes 

 
These facts present a current value adding percentage of 30%. 
 
The following issues were contributing to this gross lead time: 

1. Production scheduling was occurring at both Welding and Assembly factories and 
any failure to deliver would cause time wasting in the process flow. The line had to be 
deigned to have a single trigger point 

2. A single point trigger Supermarket from Assembly would need to be established to 
allow Kanban control of high volume variants back to Weld Factory 

3. Orders would now be triggered directly to assembly, and all materials for high volume 
variants must be at hand for immediate build 

4. Replenishment of materials would happen via automatic system such as Kanban 
5. High value stock items of completed trailers would no longer be held as assembly 

could build as per orders 
6. Low volume special orders would be built to a weekly schedule 
7. Assembly line efficiency needed to be improved to allow speedy delivery of orders on 

a daily basis 
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Figure 7.7 - Value Stream Design (Vative, 2005) 
 
The Value Stream Design addresses all the issues highlighted in the Current State Map and 
determines what the achievable outcome is. 
 
The Value Stream Design identified the following expectations: 

· Lead time through system equal to approximately 15 days 
· Value Adding process time of operation approximately 320 minutes 

8.2. Conduct Time Studies 
Time studies must be conducted on product variants to give a true reflection of the most 
commonly built models. This will ensure the impact of the improvements proposed are to a 
maximum benefit. 
 
The volume assessment establish the following results: 

 
Figure 7.8 - Sales Demand Graph (Vative, 2005) 
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The Sales Demand Graph clearly highlighted which models should be studied to determine 
accurate cycle times. 
As the labour is the greatest influence in the process flow, and trailers vary mostly in labour 
according to the size of the trailer, additional investigations were made to see how these 
model families are associated to size of trailer and hence labour. This was a key 
investigation in identifying which areas of the process should be optimised and how the 
production schedule should be set out to optimise labour usage efficiently. 
The follow results were found: 
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Figure 7.9 - Demand by Variant Family and Size (Vative, 2005) 
 
Now armed with the right information to indicate best models for analysis, detailed time 
studies were conducted and a Weighted Average Labour Balancing Chart Developed: 
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Figure 7.10 - Weighted Average Labour Balancing Chart (Vative, 2006) 
 
The chart clearly shows two major issues with the original labour balancing arrangement: 

1. Operators 1-5, who were responsible for Axle & Hub Assembly and fitment of the 
axle to the trailer frame, were poorly utilised and many wastes occurred within 
their current work pattern. The assembly of axles occurred in the welding factory 
even though this was obviously the first part of the assembly process. Also, 
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fitment of prepared axles occurred with two people manually lifting the axles to the 
frame while a third person attached the axles to the trailer. This posed massive 
OHS issues and created considerable waste of labour. 

2. Operators 13 & 14, who were responsible for electrical fitting of trailers, were over 
utilized and created a bottleneck for the whole assembly process. 

 
As the labour demands can vary considerably according to variant built, and the product 
demand varies over the year due to seasonal market drivers, it was obvious that the labour 
force must be designed in a way to offer capacity flexibility and multi-skilling of staff. 
These two driving factors drove for development of the following labour plan which also 
caters for varied capacity demands: 
 

 
Figure 7.11 - Flex Labour Planning Chart (Vative, 2005) 
 
The Flex Labour Planning chart can quickly guide team leaders as to what working pattern 
labour should be arranged in reference to the variants being built. The areas marked in 
yellow clearly indicate which staff are required to multi-skill and work within two different work 
areas according to demands and bottlenecks appearing. 
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As Multi-Skilling was required for this labour plan to work effectively, staff skill matrix were 
developed to identify which staff had which skills and who required development within 
certain areas. Example below: 

 
Figure 7.12 - Staff Skill Matrix (Vative, 2005) 
 
The improved labour balancing chart with the newly configured system gave the following 
result: 
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Figure 7.13 - 14 Operator Flex Labour Plan (Vative, 2005) 
 
 
The improvements achieved from this labour improvement are as follows: 

· original labour configuration required an average labour of 474min/trailer 
· The new labour configuration required an average labour of 272min/trailer 

 
This is a total of 43% process improvement. 
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8.3. Assess Material Storage, Exchange & Ordering S ystems 
One major contributing cause to waste came in the form of material shortages. Some time 
was spent analysing the root causes of this issue and the following observations were made: 

· Operators failed to report low material in daily meetings, mainly due to forgetting 
· Material planners failed to order materials in a timely manner 
· Planning department failed to plan only trailers that had all materials available 
· Some stock holding quantities were too low 
· Some materials were incorrectly labelled 

 
The ideal scenario would be to have all materials linked to Kanban system from the bulk 
stores. Once materials were triggered by the two bin Kanban system, they would be 
replenished using Just In Time systems by the storeman. The two bin Kanban system 
requires that adequate stock is held in the second container to allow for replenishment via 
the stores before depleting the second storage amount. The bulk stores would be covered by 
a two pallet storage system that is linked to SAP systems. By barcode scanning out materials 
as they are used, the system will automatically place orders with suppliers based on lead 
time to replenishment, average consumption rates and also remaining stock. Reaching this 
level would require much work and take some time before it would be fully functional.  
To help resolve the issue in the short term, a materials ordering board was established to 
help for better transparency and visualisation between involved parties. 
The system would allow operators to list material shortage as soon as they happen onto the 
shortages board. These shortages would be reviewed on a daily basis and discussed in a 
meeting. 
The shortage is first assessed by the storeman to determine whether adequate bulk stock 
remains. If not, it is then ordered and tracked. The system applied also to materials made 
within the welding factory. 
 

 
Picture 7.14 - Stock Shortages Board (Vative, 2006) 
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8.4. Assess Volumes and Determine Pull Rates 
By assessing past production volumes in detail and analysing how the demand affects 
specific components on the trailers, we were able to determine average usage for 
components. This data allowed us to accurately select what the initial Kanban levels would 
be set to, based on average consumption rates. The lead to replenishment would dictate the 
trigger point at which more stock would need to be ordered. 
This information was used to set up the Kanban system which is referred to later. 
 

 
Figure 7.15 - Material Assessment Spreadsheet (Vative, 2005) 

8.5. Develop Layout Plan 
Layout planning is a key tool in improving major plans as per the Value Stream Map. Layout 
planning looks at addressing wastes at all levels, and needs to accurately match the 
limitation of the building and suit the requirements of the operations. 
To develop an effective layout plan, one must first clearly understand the process 
requirements and wastes which are planned to be eliminated. Through the experience of the 
team, layout options are analysed to determine flaws and advantages of each. The positives 
are taken from each option and a final layout plan is drafted for approval. Once all aspects of 
the layout are considered, the layout is then prepared for use. This process involves verifying 
all critical distances and sizes of major objects. Once complete, the layout is ready for 
implementation and project planning begins. 
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Figure 7.16 - Layout Checklist (Vative, 2004) 

 
Below is the original layout followed by the proposed layout plan: 
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Figure 7.17 - Original Layout Plan (Vative, 2005) 
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Figure 7.18 - New Layout Plan (Vative, 2005) 

 
The New Layout Plan offers all the following improvements: 

· Elimination of share forklift and pedestrian aisle 
· Assembly of trailers flows into the boat fitment area. Previously required to be 

transported down road and enter again through building at door on left side of factory 
· Reduced walking distance to materials 
· Increase frame storage capacity 
· Elimination of storage of frames overhead of operators 
· Dedicated bulk stores area 
· Shorter delivery route from trucks delivering bulk stores items to bulk stores area 
· Security control of high value stock 
· Inclusion of dedicated problem/urgent trailer area 
· Better visualisation for management to see assembly process 
· Many more minor improvements 
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8.6. Link Labour Plan to Capacity Planning 
Earlier developed labour plans must also be linked with capacity planning. This would enable 
the planning department to accurately determine how many trailers could be built within one 
day. The planning department previously planned daily targets by guessing.  
The newly developed spreadsheet allowed the planning department to easily determine a 
weekly planning schedule based on customer requirements and also labour capacity. 
 
The spreadsheet below is an example of a typical planning schedule: 

 
Figure 7.19 - Capacity Planning Sheet (Vative, 2005) 
 
Trailers were scheduled according to the following sequence: 
1. Axle Type (Determining size of trailer) 

a. Tri Axles 
b. Load Sharer Axles 
c. Twin Axles 
d. Single Axles 

2. Brakes 
a. Sensor Brake 
b. Hydraulic 
c. Mechanical 
d. No Brake 

3. Lights 
a. LED lights 
b. Clearance Lights 
c. Standard 

4. And Finally by models 
 
This method of approach grouped together models of similar labour requirements and 
allowed the assembly line to establish some rhythm in the process. 
For each day within the schedule, ordered trailers are planned in according to the sequence 
highlight above. Each trailer model is automatically given a labour requirement and is 
subtracted from the daily labour available. These labour times were previously calculated 
using time studies conducted within the work areas. 
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8.7. Introduction of Heijunka Planning Boards 
The Heijunka planning boards serves as a valuable tool between the production planning 
department and the assembly workshop. Using the capacity planning tool, the weekly 
schedule is determined for the following week in advance. Once firmed, the orders are 
printed and placed in sequence to resemble that of the capacity plan. 
These orders are then placed into the Heijunka boards as per the capacity plan. 
Production then work their way through the orders according to the plan set forth. 
If an order is not able to be satisfied, then it is placed into the delay queue. 
Each time an item is placed into the delay queue a reason must be recorded in the delay 
reason sheet. This sheet serves as an improvement tool to highlight reoccurring issues. 
At the end of the week the capacity plan (Level Plan) is compared to actual schedule. 
Any remaining items in delay are then planned into the following week. 
 
 
 
 

 
Picture 7.20 - Heijunka Planning System (Vative, 2005) 

8.8. Develop Work Instruction 
Work instructions are important to allow for all of the following: 

· Standardisation of work 
· Improved quality and repeatability of product made 
· Reduce work through routine process motions 
· Reduce training time for new operators 

 
Please see Appendix 1 – Guard Rolling Procedure for implemented example. 
 

Days of week 

Delay Queue 

Delay 
Reasons 

Level Plan 
from Planner 

Product 
Variants 
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8.9. 5S Work Area, Remove Wastes & Develop Tool Tro lleys 

8.9.1. 5S Work Area 
The process involves the complete team to participate. Firstly, training sessions are held with 
employees to explain what 5S is. 
Once a good understanding is demonstrated, weekly 5S sessions are held for 1 hour per 
week. During this time targets and objectives are set, and team leaders within each area are 
identified. 
A common White Tag holding area is established and team leaders guide teams in conduct, 
firstly S1 – Sort. 
Once completed areas are assessed, and if criterion is satisfied as per S1 requirements, the 
team moves onto S2. This continues until all aspects are complete and the work environment 
is sustainably clean and organised. 
 
 
 

 
Picture 7.21 - Axle Fitment Area Before S1 (Vative, 2005) 
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Picture 7.22 - Axle Assy & Fitment area after S1 (Vative, 2006) 

8.9.2. Waste Elimination Improvements 
In conjunction with conducting time studies, work areas were analysed to define wastes and 
develop a list of potential improvements. The wastes were identified by both staff working 
within the areas, and also Vative. 

 
Figure 7.23 - Waste Open Points List (Vative, 2005) 
 
The waste identification process presented over 489 minutes per day in losses through a 
combination of poor work systems, poor manufactured components and lack of equipment 
and tools. These wastes were examined to highlight opportunities for improvements and 
handled as individual projects running in parallel to the main improvement project. 
 

5S Team 
monitoring 
Chart 
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8.9.2.1. Axle Lifting Unit 
The axle assembly and fitment to trailer was one area that underwent many changes. This 
area had previously been located in the Weld factory. It was redesigned and then relocated 
to the assembly factory. It became incorporated with the axle fitment area. This improvement 
required the following changes: 

· Newly design and built workbench 
· Development of specialized axle handling trolley where axle are built and fitted 
· Installation of jib crane 
· Relocation of all materials to accommodate new process 
· Development of new work procedures 
· Training of Staff 

 

 
Picture 7.24 - Newly design Workstation (Vative, 2005) 

 

   
Picture 7.25 - Old work area (Vative, 2005)   Picture 7.26 - New work area (Vative, 2006) 
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Picture 7.27 - Fitting axle to trolley (Vative, 2005) 

 
The newly designed work area allowed for the axle to now be built by a single person, and 
directly assembled on the handling trolley. This trolley is electrically powered to assist in 
lifting the heavy axle during fitment. 
Once the axle is completed it is turned 90 degrees, steered under the trailer frame and 
electrically lifted into place. While in place this person now assists the axle fitment operator in 
attaching the axle to the trailer. 
Once completed the assembly operator lowers the trolley and returns to the assembly bench 
to begin assembly of the next trailer in the production schedule. 

8.9.2.2. Greasing Machine Improvements 
A long-standing issue with Mackay trailers is the bearing greasing process. The company 
experienced many quality returns through bearing failures. 
Once the failures were analysed, it soon became obvious that the two main reasons leading 
to the bearing failures: 

1. Bearings were inadequately filled with grease 
2. Bearings were contaminated with foreign particles during assembly 

 
The previous process involved a manual greasing station that often encountered 
contamination from flying grinding sparks and relied on operators to adequately pack grease 
into bearings based on personal judgement. The operator was required to manually pack 
grease into bearings using grease pockets. Grease was applied using a spatular. Once all 
the bearings were greased they were then assembled into the hub and fitted to the axle. This 
process required costly double handling of bearing and was a very messy procedure. 
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Picture 7.28 - Original Greasing Method (Vative, 2006) 

 
The newly designed process eliminated the greasing quality issues while vastly improving 
the process efficiency. 
The new process was developed around an automated greasing process. The grease pump 
concealed grease and eliminated any chance of contamination. Additionally, all bearings 
were now stored in sealed containers to further eliminate chance of contamination.  
Two mandrels were made to replicate the shape of trailer axles with additional clearances to 
allow for easy assembly and removal onto the mandrel. These mandrels were fitted from 
below the workbench to the greasing line.  
The operator would now assemble the hub directly onto the mandrel in a dry state. Once fully 
assembled, the grease pump would be activated and fill the hub to the required quantity of 
grease while evenly distributing grease throughout the bearings. 
The completed hub would then be removed and fitted directly onto the axle. 
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Picture 7.29 - Automated Greasing Station (Vative)  Picture 7.30 - Exchange Mandrels 
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8.9.3. Dedicated Work Trolleys 
Another major improvement made in regards to labour and standardisation was the 
introduction of standard tool trolleys. These trolleys would allow operators to have a full set of 
tools required located at the point of use. Also, tool trolleys were designed to hold commonly 
used parts for trailers so as to eliminate time wasted walking back and forth to storage 
points. Operators would replenish hand stock daily and shop for all specific materials 
required for each trailer. 
Previously, operators would share tools, walk back to their work benches to collect tools and 
frequently walk back and forth to material storages areas for each trailer built. 
 

 
Picture 7.31 - Operator Work Trolleys (Vative, 2005) 

 
To ensure all tools issued to operators would remain as company property, tool card were 
issued to each operator to verify and sign off on tools received. If an employee ever left the 
company, he/she would present his/her tool card to the team leader for sign off and 
verification that all tools were accounted for and returned to the company. This method 
instilled a culture of responsibility and eliminated much wasted time incurred through sharing 
of tools. 
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Figure 7.32 - Tool Card Register (Vative, 2005) 

 
 
 

8.10. Developing Kanban System 
Kanban Systems were established for Mackay Multi-link for trailer frames and sub-frames. 
These items were selected to first move to Kanban for the following reasons: 

· It matched the VSD targets 
· It would provide largest impact 
· These items greatly effected space usage and good stock control would improve the 

available space in the plant 
· These items were of high value so reduced stock levels will allow for best WIP cost 

reductions 
· These items posed the biggest material shortage issues for assembly 

 
By using previously calculated material demand data, all models requiring Kanban control 
were easily established and identified. Frames were broken into 3 groups: 

1. High volume variants 
2. Medium volume variants 
3. Low volume variants 
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Low runners were to be made to schedule. Both Medium and High runners were to be placed 
into Kanban. The main difference between the two being that High Runners (Green) would 
hold more stock and be made in larger batch sizes due to their frequency. 
 

 
Figure 7.33 - Kanban Frames Analysis (Vative, 2005) 
 
Once the quantities of each frame were established, this then needed to be tied in to layout 
planning to ensure each frame variant had an allocated location accessible via forklift and 
unobstructed by pedestrians. To satisfy this requirement, a number of new racks needed to 
be designed and installed. 
 

 
Figure 7.34 - Layout Planning Sheet for Frame Storage (Vative, 2005) 

 
Once all locations were created and planned, each area was then labelled. 
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Picture 7.35 - Labelled Kanban Racks (Vative, 2006) 

 
The Kanban cards were then developed to allow the correct information to be presented so 
as to act as a production trigger card. 
This information needed to include: 

· Part Name 
· Model Number 
· Special requirements code 
· Batch Size 
· From and to Locations 

 

 
Picture 7.36 - Kanban Cards on Trailer Frames (Vative, 2006) 
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These cards were attached to the trailer frames magnetically. 
 
The system would work as follows: 
Each time a frame is use the Kanban Card is removed and placed into the lot formation 
stand. This stand provides the function of triggering optimised batch sizes to the previous 
process. 
Each variant has an allocated position and a corresponding number of hooks to match the 
optimum batch trigger quantity. Hooks are filled from the back first. Once all hooks are filled, 
the trigger for replenishment occurs. The batch of cards are taken to the servicing production 
queue. All cards are placed onto a single order hook and placed at the rear of the welding 
production queue. 
 
 

 
Picture 7.37 - Kanban Lot Forming Stand (Vative, 2006) 

 
Welding simply works through the orders presented in the queue in the same sequence as 
they arrive. Once the frame is made the frames are sent to galvanising. 
While at Galvanising, the Kanban cards are then moved to the In Galv. queue. 
Once frames return from galvanising, cards are placed on each frame and frames are 
returned back to the corresponding Kanban racks ready for use again. 

8.11. Re-layout of Workshop 
Physical layout changes were made over the Easter 2006 week shutdown period. The 
changes were implemented using a team of 8 employees from within the workshop staff and 
supported by the electricians, forklift drivers and welders. Also, a scissor lift had been hired 
to complete air line installations suspended from the roof line. 
The project was executed on time and under planned budget. 
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Figure 7.38 - Layout Changes Project Plan (Vative, 2006) 
 
The project was broken up into three portions, and each group assigned a team leader to 
execute actions and guide the team. 

9. Floor Marking Area 
Floor Marking of areas was not completed due to lack of funds in the Mackay budget. 
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10. Conclusions 
Upon Project completion, Lean Process Improvements increased process efficiency by 57%. 
This project was implemented over a six month period executing major improvements and 
changes as follows: 

· Standard times developed for entire assembly process  
· Capacity planning tools developed to allow production planning teams to clearly set 

assembly team targets and improve planning and forecasting systems  
· Development of work scheduling board (Heijunka) to assist production in demand 

clarity and materials preparations  
· Improved workplace design and elimination of high risk injury operations by 

implementation of lifting aids for axle fitting area. These aids also increased 
productivity  

· Development of Kanban system for logistical largest and highest inclusive cost item 
(Frame) eliminating demand shortages, improving process flow and stock 
transparency  

· Plant layout plans developed and redesigned to eliminate shared pedestrian and 
forklift access areas, improved process flow, line marking and better utilisation of 
stores area  

· Establishment of technician tool trolleys and tool card system to increase 
productivity via material shopping system, providing the correct tools for the job 
and reducing tooling loss costs  

· Development of automated greasing system which eliminates major quality issue of 
insufficient greasing of wheel bearing and totally eradicates chances of 
contamination   

· many more minor improvements  
 

Savings calculated are presented below: 
 

Benchmark      

Mentioned target to achieve 1 trailer per person as Dunbier    

Target exceeded     

Sept Avg     
Avg Trailer built/day 9    
Number Workers 13.25 includes 1 additional workers from axles 
Avg trailers/worker 0.679245283    
     
Oct Avg     
Avg Trailer built/day 12.1    
Number Workers 16.25 includes 1 additional workers from axles 
Avg trailers/worker 0.744615385    
     
Combined Avg  Weekly   
Avg Trailer built/day 10.55 52.75   
Number Workers 14.75 includes 1 additional workers from axles 
Avg trailers/worker 0.711930334    
     
Old     
Number of workers 14.75    
Total hours required per week 560.5    
Number trailers built 52.75    
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Total Lab. cost per trailer  $      409.09     
     
     
Last 4 weeks capable of inclusion     
 Tr/worker Volume Number Workers  
Week 14 1.1 42 7.636363636  
Week 13 No Level Plan    
Week 12 No Level Plan    
Week 11 Aluminum Trailers   
Week 10 Limonsin Week   
Week 9 No Planned trailers   
Week 8 1.06 62 11.69811321  
Week 7 1.03 53 10.29126214  
week 6 1.12 64 11.42857143  
New Combined Avg     
 1.0775 55.25 11.2635776  
     
Delta 0.365569666 Trailers per worker increase  
New trailers per person 0.981038209    
New     
Number of workers 12.2635776    
Total min required/trailer 466.0159489    
Number trailers built 55.25    
Total Lab. cost per trailer  $      324.74     
     
Total saving per trailer  $        84.35     

Avg. Daily build rate 9 

This excludes quintrex volumes and drop 
to 6/day for remianing part 2006 = 12/2 + 
6/2 

Annualised Labour saving  $170,809.18  5 days a week excluding holidays 
     
Block Savings     
Auto drilling machine  $  26,389.00  Financially blocked  
Self taping screws  $    4,683.00  Resource blocked  
Total  $  31,072.00     
     
This does not include additional saving soon to com e:    
Material Reductions through Kanban systems recently implemented   
Labour and quality savings through recently implemented greasing station  
Labour savings through new layout changes for assembly and stores   
Additional savings through achieving goals under budget values   
Elimination of axle rejects and labour loses through galv. burn off activities (Stub cover development) 
Improved planning once resource is allocated to using Heijunka board and level planning  
Reduced equipment cost through equipment repair system    
Reduced loss of tools via ownership tooling trolley system    
     
 
Due to a decline in capacity, the increased profits through capacity growth were not 
assessed. All savings assessed were via labour cost reductions. 
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11. Recommendations 
Recommendations left with Mackay Multi-link are as follows: 

· Complete all remaining justified waste improvements listed on open points list 
· Further improve production scheduling systems 
· Continue Kanban implementation for other high value items from Weld Factory 
· Implement two bin Kanban system from store to assembly area 
· Work towards removing all storage of frames away from common operator work 

areas 
· Complete line marking activities in workshop 
· Design and install simple trailer lifting device for removal of trailer from trolleys 
· Continue 5S activities moving into S3-5 
· Roll out Lean Production Systems into Weld factory area 
· Work towards total elimination of Finished goods stock 
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13. Appendix 

13.1. Appendix 1 – Saving Calculations 
Ratio Savings for Self taping screws instead of scr ew nut and washer   
Labour     
 Frequency/day Time lost/event Saving minutes/day  
For mounting lights and reflectors 48 0.6 28.8  
For mounting brake lines 8 0.45 3.6  
     
  Total 32.4  
  Savings per year 7290  
  Labour rate  $                 38.70  /hour 

  
Total labour 
savings per year  $             4,702.05   

     
Material costs     
     
New material   Cost  
 10 - 24 x 25mm Class 3 hex head self tapping screw  $                 65.00  /1000 
  Quantity P.A. 12600  
  Total costs  $               819.00   
Old material     
3/16" x 1" screw zinc only finish    $                 45.00  /1000 
3/16" nut zinc only finish    $                   7.50  /1000 
3/16" washer zinc only finish    $                 11.00  /1000 
(Does not include cost or effort for galvanising) Total  $                 63.50  /1000 
     
  Total cost P.A.  $               800.10   
Overall savings     
Overall savings estimate  $      4,683.15  Savings   
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Automated Drilling Machine Savings 

Capacity Requirements      
 Target capacity  30  trailers per day 18 
 Actual capacity 12  trailers per day 12 
 Average number of rollers 32  per trailer  32 
 Average number of pins 1.4  per roller  1.4 
 Number minutes per day 440   440 
 Actual cycle time to drill pin hole 0.34 min  0.34 
      

Calculations      
 Calc. Takt per pin hole 0.327380952 min/hole  0.545635 
 Factor of safety 50%   30% 
 Calc. Takt per pin hole 0.218253968   0.419719 
      

Estimations      
 Estimated drilling cycle time 1 min  1 
 Number of heads required 5 heads  2 
        

Cost savings and budget      
 Ratio savings per year 456.96 minutes  274.176 
 Actual savings per year 182.784 minutes  182.784 
 Potential Qty savings per year  $      65,974     $ 39,584  
 Current vol. savings per year  $      26,389     $ 26,389  
 Target Budget  $      15,000     $ 15,000  
      

Qualitative savings      
 Safety improvements     
 Longer drill bit life     
 Hole position consistancy     
 Elimination of bottleneck process     
 Multi tasking of operators     
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13.2. Appendix 2 – Production Instructions 
 

 


