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ABSTRACT

Lean manufacturing is one of the philosophies that many major businesses have been
trying to adopt in order to remain competitive in an increasingly global market. This
research project focuses on the implementation of lean principles, standardizing
operations in the production line and thereby improving productivity. The study is
conducted in a large scale metal casting company, Atlantis Foundries which

manufactures cylinder blocks and gear box castings.

At present scrap and rework rate of heavy duty cores exceed set targets; this is
a major quality concern for the company. From literature, it is known that the
introduction of standardized work is one of the best practices in building the quality of
products. Therefore, project focuses on introduction of standardised work at the core
shop heavy duty flow line for reducing scrap rate, reducing rework rate and for
increasing the production of heavy duty cores. To know how the employees accept
standardised work, it is essential to diagnose the employee behaviour. The project
analyses the behaviour of core shop heavy duty flow line employees towards the
introduction of standardised work. Moreover, this project analyses the personal and
training development of employees, whether employees structure their work
environment (5S) and also existence of the seven wastes at core shop heavy duty flow
line by means of a structured standardized questionnaire. At the end, this project uses
A3 Practical problem solving report (PPS) for analysing the root cause of production
defects for reducing the increase in rework occurred at the core shop heavy duty flow
line after the introduction of standardised work.

Standardised work was introduced with the generation of standard work
instruction, job element sheet, skills training matrix and layered process audit
prepared in consultation with the operators. On analysis of production figures, it was
known that the introduction of standardised work reduced scrap rate, reduced rework
rate and increased production. Analysis of employee behaviour, personal and training
development of employees, structuring of work environment (5S) and the existence of
the seven wastes with questionnaire resulted in the respective conclusion that the
employees are satisfied with standardised work, personal and training development of



employees increased, employees structure their work environment and lesser
existence of the seven wastes at core shop heavy duty flow line. Analysis with PPS
resulted that increase in rework was due to the worn bushes of Machine 150. Hence,
the checks for worn bushes of Machine 150 were included in change over procedures

and total productive maintenance activities.

The project suggests that lean tools like standard work instruction, job element
sheet, skills training matrix and layered process audits need to be introduced at each
department of the company. Standard work instructions need to be introduced for
changeover as well as for total productive maintenance checks. TPM checks must be

done regularly at all stations of core shop heavy duty flow line.

Keywords: Lean manufacturing, Seven wastes, Value stream mapping, Standard
work instruction, Job element sheet, Skills training matrix, Layered process audit, 5S,
A3 Practical problem solving, Total productive maintenance
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CHAPTER ONE
INTRODUCTION
1.1 Overview

Lean manufacturing is one of the philosophies that many major businesses have been
trying to adopt in order to remain competitive in an increasingly global market. The
focus of the approach is to establish flow through standardisation and eliminating non
value added activities. Originating from the Toyota Production System, many of the
tools and techniques of lean manufacturing have been widely used in discrete
manufacturing (Liker, 1998; Womack and Jones, 1996; Rajenthirakumar and Thyla,
2011). Applications have spanned many sectors including automotive, electronics,
white goods, consumer products manufacturing and services (Womack and
Fitzpatrick, 1999; Rajenthirakumar and Thyla, 2011).

As the lean tools and techniques used by Toyota and other original equipment
manufacturers help to improve productivity and minimize waste, other automotive
component manufacturing industries necessarily need to adopt lean philosophies in
order to achieve the improved market share and to compete with their global
counterparts. Therefore the implementation of lean principles is highly recommended
for identifying the areas generating waste, as it further facilitates the optimization of

the operating conditions in a minimal investment.

The study is conducted in a large scale metal casting company, Atlantis
Foundries which manufacture automotive castings. Atlantis Foundries is a Daimler
company fully owned by Mercedes-Benz, South Africa. The project focuses on the
implementation of lean principles in the foundry, standardizing operations in the
production line and thereby improving productivity. The project analyses the response
of employees towards the standardised operations. Moreover, the project also analyses
the root cause of production defects, for reducing the increase in rework rate occurred

at the production line by means of PPS.

1.2 Objective of the Research

Scrap and rework rate of heavy duty cores is a major quality concern for the

company. On analysis it was known that, the scrap rate of heavy duty cores was



0.14% higher than the set target of 0.9% (refer Figure 1) and the rework rate was
0.22% higher than the set target of 1.85% (refer Figure 2).

The objective of research is to reduce the scrap rate and rework rate of heavy
duty cores by introducing standardised work, analysing behaviour of employees to the
introduction of standardised work, analysing whether employees structure there work
environment (5S) and analysing the existence of seven wastes at core shop heavy duty
flow line of Atlantis Foundries.
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Figure 1: Chart showing the Scrap rate of core shop heavy duty cores from 16" January to 20" March 2012

Here the average rate of scrap per day is 1.04% which is 0.14% higher than

the set target of 0.9%. The 7 days moving average and 30 days moving average of

scrap are also plotted.
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Figure 2: Chart showing the Rework rate of core shop heavy duty cores from 16" January to 20" March 2012

Here the average rate of rework per day is 2.07% which is 0.22% higher than

the set target of 1.85%. The 7 days moving average and 30 days moving average of

rework are also plotted.



1.3 Research Methodology

The research methodology applied in this investigation can be broken up into three

stages:
1) Interviews and workshop for the introduction of standardised work,

2) Generation of questionnaire for the analysis of employee behaviour, personal and
training development, 5S and the seven wastes, and

3) Problem solving with A3 Practical problem solving report (PPS).

At first, the actual process, actual value stream, key figures and problems of
the company were analysed. On analysis, it was found that the scrap rate and rework
rate of heavy duty cores was the major quality concern of the company. After a
comprehensive literature review, the introduction of standardised work was
considered the most appropriate method to reduce the scrap rate and rework rate of
heavy duty cores as the current work procedures at the core shop heavy duty flow line
was not standardized. For introducing standardised work, the actual process and
actual value stream of the core shop heavy duty flow line were further analysed and
the value stream map was drawn. Standardised work was introduced with the
generation of standard work instructions and job element sheets prepared in
consultation with employees. Skills training matrix was prepared for job rotation and
for training employees on more stations. Moreover, layered process audit was
prepared for validation of standardized work.

The second stage of research was to analyse the behaviour of core shop heavy
duty flow line employees towards the introduction of standardised work, the personal
and training development of employees, whether employees structure their work
environment (5S) and the existence of seven wastes at core shop heavy duty flow line.
After comprehensive literature review, a questionnaire survey combined with
interviews was considered to be one of the most appropriate method for the above
analysis. Therefore a questionnaire survey with direct interview was done with the
employees of core shop heavy duty flow line. The questionnaire was generated on
five point Likert scale (Kothari, 2003) and the questionnaire provided the employees
to make decision from the five available options; strongly disagree, disagree, neutral,

agree and strongly agree. The questionnaire consisted of four parts in the order; lean



tools and employee behaviour, personal and training development, methodologies for

structuring work environment (5S) and existence of the seven wastes.

The target population included all employees of core shop heavy duty flow
line namely the operators, senior operators, team leaders, general foreman, engineer
and manager making a population size of 92. For greater reliability of results, the
whole population was included as the sample size (Kothari, 2003). Before doing
elaborate questionnaire survey, a pilot study was conducted for testing the
questionnaire for bringing to light the weakness of the questionnaire (Kothari, 2003).
For the pilot study, interviews were conducted with 3 operators of B Shift and it was
found that few questions were not arranged in an orderly sequence. Based on this,
questions were arranged in a sequential manner and were used for interviewing the
employees of core shop heavy duty flow. Out of 92 employees interviewed, 10
employees refused to respond, therefore a total of 82 questionnaires were taken for
analysis. Statistical Package for Social Sciences (SPSS) version 10 was utilized to
analyze and present the data of the research (Field, 2006). Tabulation and descriptive

statistics were the statistical tools used.

The third stage of the research was to reduce the increase in rework rate of the
heavy duty cores occurred after the introduction of standardised work. A3 Practical
problem solving report was used for reducing the increase in rework rate of heavy

duty cores.

1.4 Overview of the Chapters

For getting a better understanding of the investigation of the research project
and the methodology used to meet the said objectives, the document is organized into
various chapters. The chapters gives an overview of the literatures used (chapter 2),
functioning of the company (chapter 3), approach towards the project (chapter 4),
results emerging from the project (chapter 5), conclusion (chapter 6) and further

improvements (chapter 7). The summary of each chapter is as follows.

Chapter two provides an overview of the theoretical foundation that forms the
premise of the study. The concepts and theories of lean manufacturing, seven wastes,
value stream mapping, standard work instruction, job element sheet, skills training

matrix, layered process audits, 5S, A3 practical problem solving and total productive



maintenance are introduced and discussed. Apart from this, the various literatures
related to these are also reviewed.

Chapter three gives an overview of the company, its production process and
quality systems. Chapter four gives insight into the approach used with specific
reference to the introduction of standardised work. Moreover, chapter four discuss in
detail the generation of standard work instruction, job element sheet, skills training
matrix and layered process audits.

Chapter five provides an inspection of the most salient results and discussions
emerged from the introduction of standardised work, analysis of employee behaviour,
personal and training development, 5S and the seven wastes. The chapter gives insight
into the sampling, data collection methods, inferences of pilot study and statistical
tools used for data analysis and also unveil the research findings from the analysis of
data collected during the study. The chapter explains how A3 practical problem
solving report is used for analysing the root cause of production defects, thereby
reducing the increase in rework rate occurred in the core shop HD flow line after the
introduction of standardised work.

Chapter six concludes the findings of the study and the suggestions resulting
from the studies. Chapter seven discuss the areas where the company needs to
improve so as to tackle the expected challenges in the coming future.



CHAPTER TWO
LITERATURE REVIEW
2.1 History of Lean

After World War 1l Japanese manufacturers were faced with the dilemma of
vast shortage of material, financial and human resources. This shortage led Japanese
manufacturers difficult to adopt mass production system followed by their western
counterparts. Toyota motor company led by its president Toyoda recognized that
western automakers of that era were out-producing their Japanese counterparts. In
order to make a move towards improvement, Toyoda Kiichiro, Shigeo Shingo and
Taiichi Ohno devised a new, disciplined, process-oriented system, which is now
known as “Toyota Production System” or “Lean Manufacturing” (Womack, Jones
and Roos, 1990, 1994; Shingo, 1989; Nordin, Deros and Wahab, 2010). Taiichi Ohno,
who was given the task of developing a system that would enhance productivity at
Toyota is generally considered to be the primary force behind this system. Ohno drew
up ideas from the west and particularly from Henry Ford’s book “Today and
Tomorrow”. Ford’s moving assembly line of continuously flowing material formed
the basis for the development of Toyota Production System between 1945 and 1970.
The basic underlying idea of this system is to minimize the consumption of resources

that does not add value to a product.

In order to compete in the global market, US manufactures have realized that
traditional mass production concepts have to be adapted to the new ideas of lean
manufacturing. A study done at Massachusetts Institute of Technology of the
movement from mass production towards lean manufacturing, as explained in the
book “The Machine That Changed the World” (Jim Womack, Daniel Jones, and
Daniel Roos, 1990), awoke the US manufacturers from their sleep. The study
underscored the great success of Toyota at New United Motor Manufacturing Inc. and
brought out the huge gap that existed between the Japanese and Western automotive
industry. The study made US companies to adopt lean manufacturing concept because
the Japanese companies developed produced and distributed products with less human
effort, capital investment, floor space, tools, materials, time and overall expense
(Womack et al., 1990).



2.2 Lean Manufacturing

Lean Manufacturing is one of the philosophies that many major businesses
have been trying to adopt in order to remain competitive in an increasingly global
market. The focus of the approach is to establish flow through standardisation by
eliminating non value added activities. The basic concepts behind lean manufacturing
system are waste elimination, cost reduction and employee empowerment. The term
“lean” as Jim Womack, Daniel Jones, and Daniel Roos define it, denotes a system that
utilizes less, in term of all inputs, to create the same outputs as those created by a
traditional mass production system, while contributing increasing varieties for the end
customers (Panizzolo, 1998).

Lean focuses on abolishing or reducing wastes (or “muda”, the Japanese term
for waste) and on maximizing or fully utilizing activities that add value from the
customer’s perspective. From the customer’s perspective value is equivalent to
anything that the customer is willing to pay for in a product or the service that
follows. Therefore, the elimination of waste is the basic principle of lean
manufacturing. Lean manufacturing is underpinned by five principles (i) specify what
creates value from the customers perspective (ii) identify all the steps along the
process chain (iii) make those processes flow (iv) make only what is pulled by the

customer (V) strive for perfection by continually removing wastes.

For the elimination of waste, it is necessary to identify which steps add value
and which do not. This was one of the key steps in Lean and Toyota Production
System. By classifying all the process activities into value adding and non-value
adding, it is then possible to start actions for improving the former and eliminating the
latter. Once value-adding work has been separated from waste, then waste can be
subdivided into 'needs to be done but non-value adding' waste and pure waste. The
clear identification of 'non-value adding work’, as distinct from waste or work, is
critical in identifying the assumptions and beliefs behind the current work process.
Toyota’s chief engineer Taiichi Ohno identified “Seven Wastes” as part of the Toyota
Production System namely transportation, inventory, motion, waiting, over-

processing, over-production and defects.

1) Transportation — Transportation was one of the seven wastes identified by Taiichi

Ohno. Each time a product is moved, it stands the risk of being damaged, lost,



delayed, etc. as well as being a cost for no added value. Moreover, transportation does
not make any transformation to the product that the costumer is willing to pay for.

2) Inventory — Inventory in the form of raw materials, work-in-progress, or finished
goods, represents a capital outlay that has not yet produced an income either by the
producer or for the customer. Any of these three items not being actively processed to

add value is waste.

3) Motion - Motion refers to the damage that the production process inflicts on the
entity that creates the product, either over time (wear and tear for equipment and
repetitive stress injuries for workers) or during discrete events (accidents that damage

equipment and injure workers).

4) Waiting - Waiting was another waste identified by Taiichi Ohno. Whenever goods
are not in transport or being processed, they are waiting. Waiting does not add value
to what the customer is willing to pay for.

5) Over-processing - Over-processing occurs any time more work is done on a piece
than what is required by the customer. This also includes using tools that are more

precise, complex, or expensive than absolutely required.

6) Over-production - Overproduction occurs when more products are produced than
is required at that time by customers. One common practice that leads to this muda is
the production of large batches, as often customer needs change over the long times
large batches require. Overproduction is considered the worst muda because it hides
and/or generates all the others. Overproduction leads to excess inventory, which then
requires the expenditure of resources on storage space and preservation, activities that
do not benefit the customer.

7) Defects - Whenever defects occur, extra costs are incurred reworking the part,
rescheduling production, etc. Defects do not add value to what the customer is willing
to pay for.

2.3 Lean Manufacturing Tools and Techniques

The elimination of waste is essential in today’s manufacturing world. A set of
tools were developed at Toyota to eliminate or to reduce the sources of waste. A brief
description of such lean manufacturing tools and techniques are discussed below.
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2.3.1 Value Stream Mapping

A Value stream is a collection of all actions value added as well as non-value
added that are required to bring a product or a group of products that use the same
resources through the main flows, from raw materials to the arms of customers
(Rother and Shook, 1999). Value stream mapping is an enterprise improvement tool
to assist in visualizing the entire production process, representing both material and
information flow. The goal of value stream mapping is to identify all types of waste in
the value stream and to take steps to try and eliminate them (Rother and Shook,
1999). Value stream mapping was originated in Toyota. In Toyota it is known as
"material and information flow mapping”. It can be applied to nearly any value chain.

Although value stream mapping is often associated with manufacturing, it is
also used in logistics, supply chain, service related industries, healthcare, software
development, product development and administrative and office processes. Value
stream mapping is a recognized method used as part of Six Sigma methodologies.

2.3.2 5S

5S is a work place organization methodology that uses five phrases namely sorting,
stabilizing, sweeping/shining, standardizing and sustaining for structuring the
employee work environment. The list of 5S describes how to organize a work space
for efficiency and effectiveness by identifying and storing the items used, maintaining
the area and sustaining the new order. The five 5S phases are described below.

1) Sorting (Seiri) — Sorting refers to eliminating all unnecessary tools, parts, and
instructions. For this, go through all tools, materials, and so forth in the plant and
work area. Keep only essential items and eliminate what is not required, prioritizing
things per requirements and keeping them in easily-accessible places. Everything else
is stored or discarded.

2) Stabilizing or Straightening Out (Seiton) - There should be a place for
everything and everything should be in its place. The place for each item should be
clearly labeled or demarcated. Items should be arranged in a manner that promotes
efficient work flow, with equipment used most often being the most easily accessible.
Workers should not have to bend repetitively to access materials.

11



3) Sweeping or Shining (Seiso) — Refers to cleaning the workspace and all
equipments, and keeping it clean, tidy and organized. At the end of each shift, clean
the work area and be sure everything is restored to its place. This makes it easy to
know what goes where and ensures that everything is where it belongs. A key point is
that maintaining cleanliness should be part of the daily work not an occasional
activity initiated when things get too messy.

4) Standardizing (Seiketsu) - Work practices should be consistent and standardized.
All work stations for a particular job should be identical. All employees doing the
same job should be able to work in any station with the same tools that are in the same
location in every station. Everyone should know exactly what his or her
responsibilities are for adhering to the first 3 S's.

5) Sustaining the Practice (Shitsuke) - Refers to maintaining and reviewing
standards. Once the above 4S have been established, this becomes the new way to
operate. Maintain focus on this new way and do not allow a gradual decline back to
the old ways. When an issue arises such as a suggested improvement, a new way of
working, a new tool or a new output requirement, review the first 4 S's and make

changes as appropriate. It should be made as a habit and be continually improved.

The Origins of 5S

5S was developed in Japan by Hiroyuki Hirano. Hirano provided a structure
for improvement programs. He pointed out a series of identifiable steps, each building
on its predecessor. He taught that any effort to consider layout and flow before the

removal of unnecessary items was likely to lead to a sub-optimal solution.

The Objectives of 5S

Hirano identified a range of benefits from improved housekeeping, all of
which can be regarded as falling within the lean portfolio and are all based around the

elimination of waste in one form or another.

The most obvious benefit from items being organized in such a way is that of
improved productivity. Production workers being diverted from production to look for

tools, gauges, production paperwork, fasteners, and so on is the most frustrating form
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of lost time in any plant. A key aspect of Hirano’s organization approach was that the
often needed items are stored in the most accessible location and correct adoption of
the standardization approach means that they are returned to the correct location after
use. Another element of Hirano’s improved housekeeping, improved plant
maintenance workers ‘owning” a piece of plant, responsible for keeping it clean and
tidy, can take ownership for highlighting potential problems before they have an

impact on performance.

Another benefit relates to quality. The degree of impact of dirt in a
manufacturing environment, obviously, varies with the nature of the product and its
process. Even if it is only in the form of soiled documentation accompanying the
goods to the customer, this can send a very negative message about the company and
its culture. In other cases dirt can have a serious impact on product performance,
either directly or indirectly, perhaps through compromising the integrity of test

processes.

Another goal is improved health & safety. Clear pathways between
workbenches and storage racks can minimize accidents. As with quality, a well-
organized, clean and tidy facility lends itself more readily to standard practice. Hirano
also described how an environment in which the workforce has pride in their
workplace can contribute to a considerable extent in a number of ways including
customer service. Improving the layout of the facility merges with the concept of
visual management; if workers can see the status of plant and of work in the facility,
thus removing the need for complex tracking and communication systems, then
benefits will accrue. 5S can also be a valuable sales tool when potential customers
visit; a well-organized, clean and tidy facility sends a message of a professional and

well-organized supplier.

One point made by all practitioners was that the adoption of 5S must be driven
by goals. An article in the journal of the UK’s Institute of Operations Management
written by Mark Eaton and Keith Carpenter of the engineering employers’ federation
noted that “the successful implementation of 5S requires that everyone understand
why it is being used and what the expected results are. As with all lean techniques the

aim is improvement in business performance; the adoption is not an end in itself.

13



2.3.3 Standardization of Work

One of the most important principles of waste elimination is the
standardization of worker actions as it focuses on reducing waste within a process
(Liker 1998, 2004; Liker and Hoseus, 2008). Liker (2004) identified standardisation
of work as one of the basic foundations of lean manufacturing as it forms the basis for
continuous improvement. Standardisation of work ensures that each job is organized
and carried out in the most effective manner and the same level of quality is achieved
for the job irrespective of the person doing the job. Moreover, it ensures that line
balancing is achieved, unwarranted work in progress inventory is minimized and non-
value added activities are reduced. Standardisation of work plays a major role in lean
manufacturing as every worker follows the same processing steps. This improves
productivity, reduce variation in the work performance and improve the quality of the
product. The common lean tools used as part of standardisation of work are standard
work instructions, job element sheets, skills training matrix and layered process
audits.

1) Standard Work Instruction - Standard work instructions are specific instructions
that allow processes to be completed in a consistent, timely and repeatable manner. It
is a written document or instruction detailing all relevant steps and activities of a
process or procedure and is usually selected as a mean to solve the deviation problem.
It provides employees reference to his activities and tasks. Standard work instruction
details the takt time and the order of steps to be followed while doing each job. Takt
time refers to how often a part should be produced in a product family based on the
actual customer demand. Takt time is calculated by dividing the available work time
per day by the customer demand per day (Feld, 2000). The target is to produce
product at a pace not higher than the takt time.

2) Job Element Sheet - Job element sheet defines in detail the elements of the
process operations as established in standard work instruction. By means of visual
aids/images, job element sheet gives a better understanding to the operator why a
particular job element is performed for completing the process. Job element sheet is
often referred to as visual aid sheet or process picture sheet in manufacturing

industries.
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3) Skills Training Matrix - Skills training matrix is a table showing the skills held by
individuals in a team and the skills gap within a team. The concept is originated from
Toyota production system as Taichii Ohno (1998) believed that workers need to be
taught a wide variety of skills so that tasks can be rotated and workers can fill in for
each other (Jim Womack, Daniel Jones, and Daniel Roos, 1990). In another
perspective, training matrix helps in validation of the training procedures of the
company which in turn helps to increase the skills of workers by providing them

training on more machines/ stations/ processes.

4) Layered Process Audits (5 Cycle Check Observation Form) - Layered process
audits is an increasingly popular quality tool developed for manufacturing
management. When utilized properly, layered process audits will drive cultural
change throughout an organization to improve quality, reduce scrap and rework, and
reduce customer rejections. 5 Cycle check observation form is the name given to the
layered process audit used at Atlantis Foundries for validation of standardized work.
A layered process auditing system is comprised of three critical elements:

1) A Collection of Audits - Audits are an organized group of questions designed to
examine a device or process. Audits in layered process auditing system should focus
only on areas in the manufacturing process where deviation represents a high-risk for
producing defective products.

2) Layers of Auditors - In layered process auditing system, the collection of audits is
performed on a regular basis, at a predetermined frequency, by multiple layers of

management from across the manufacturing organization.

3) Containment, Reporting & Follow-up - For a layered process audit system to be
truly effective, it must integrate action, analysis and improvements. If an auditor finds
a non-conformance while performing an audit, that auditor should not only record
their finding, but also take immediate initial corrective actions. Information about the
finding should be recorded and readily available to management for later analysis.
With a good system for recording and reporting audit information, layered process
auditing system provides an excellent tool for troubleshooting problem areas and
identifying places which are ripe for improvement.
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2.3.4 A3 Practical Problem Solving

A3 Practical problem solving is a fact-based problem solving methodology that is
widely used for real time problem solving in manufacturing industries. A3 Practical
problem solving is an integral part of the Toyota Production System (TPS) approach
to Kaizen, or continuous improvement. This methodology grew in the factories of
Japan as TPS took root under the guiding hand of Taiichi Ohno, the “father” of TPS.

The dominant concept of A3 Practical problem solving is “Genchi Genbutsu”
or Go and See firsthand. With each step of gathering the pertinent facts the problem
solver is asked to document or describe what is actually happening, based on first
hand observation, versus what should be happening, or the standard. Once the real
problem is identified then solutions become more apparent through a process of
cause/effect analysis using actual testing for root cause and monitoring of
countermeasures to assure long term effectiveness. The purpose of this method of
problem solving is to identify countermeasures that will permanently resolve a
problem and prevent recurrence of that problem. Once a problem has been
permanently resolved, the manufacturing process can then be evaluated for possible

improvement or Kaizen.

The Eight steps for successful problem solving are (refer Figure 3):

Step 1: Initial Problem Perception

Initial problem perception refers to a problem that is large, vague or unclear in nature.
Step 2: Problem Identification

Identification of the problem can be done through observing the problem by going,
looking, seeing & understanding. Talking with people helps to gather information
related to the problem. After the information is gathered, visualize the problem.
Evaluate the problem based on seriousness, urgency, growth & priorities. Understand
current results and the ideal results and analyse the performance gap. Based on facts,
break down the problem into smaller groups and clarify the objectives. Decide which
problems to tackle first. Select the problem based on level of importance, level of
urgency, and potential to get worse.
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Figure 3: PPS Funnel

Step 3: Locate the Point of Cause, Generate containment action plan

When problem is solved in a large and complicated manufacturing environment
sometimes, the problem found will not be the place where it is caused. In such cases
solving the problem without fully understanding the point of cause leads to mistakes
and the 5 Why investigation becomes unreliable. So it is necessary to visualize the
flow. The flow is visualised so as to identify where the problem is first seen in the
process flow. For this, the characteristics of the problem need to be clearly
understood. If the characteristics of the problem are clearly understood, then by
backtracking through the process the point of cause can be found. The point of cause
is the place where the problem occurred.

Steps for locating the point of cause:

1. Understand the nature of the problem.
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2. Break down any complicated problems, which may contain similar problems
caused in different places.

3. Understand the flow of materials, parts or information leading up to where the

problem was discovered.
Containment

Once the point of cause has been identified, containment can be implemented
successfully. Containment consist of the activity done for temporarily stopping the

problem from happening while the long term countermeasure is investigated.
Step 4: Goal Setting

Goal setting refers to setting targets to take care of the prioritized problem at the point
of cause. Here a a smart goal is established which is specific, measurable, achievable,

realistic, and time bound.
Step 5: Basic Cause and Effect Investigation

As point of cause of the problem is located, it is necessary to investigate facts to build
up a chain of cause & effect that will lead from the direct cause to the root cause. The

process is commonly known as the 5 Why investigation.
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Figure 4: Fishbone diagram

For investigating the problem, Go, Look & See is the methodology used. After

investigation, potential direct causes are brainstormed using a fishbone diagram (refer
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Figure 4) with the team members & leaders from the problem area. For validation,
each suggested cause is reviewed against a standard and the direct cause is
categorically found out. After finding out the direct cause, the root cause is found by
means of 5 Why investigation. 5 Why investigation is a tool used to link the cause or
effect to the direct cause thereby enabling the root cause to become clear. 5 Why
doesn’t mean exactly 5 Why’s, but it can be 5, 10 or 15 Why’s. 5 Why investigation is
done until no why’s can be asked any more. According to Taiichi Ohno, “Observe the
production floor without preconceptions and with a blank mind. Repeat ‘why’ 5 times
to every matter”. The end of 5 Why investigation leads to the root cause.

Step 6: Countermeasure

A Countermeasure addresses the root cause of the problem and prevents the
reoccurrence of one or more direct causes of the problem. Countermeasure changes

the current system of work.

For every root cause, there will be implementation of at least one
countermeasure. This can be chosen from many countermeasures evaluated in terms

of: effectiveness, cost, timing and ease of implementation.

In case of problems having many direct causes, each countermeasure can be
introduced one at a time. By this the effect of each countermeasure on the overall
problem can be accurately judged. Then a plan can be drawn for putting the

countermeasures into effect.
Step 7: Follow Up and Check Results

For confirming the effectiveness of the countermeasures, each countermeasure must
be checked in turn. The steps involved for confirming the effectiveness of the

countermeasures are

1. Check for incidence of the problem. A Countermeasure is considered effective if it
reduces the incidence of a problem.

2. Check whether the countermeasure is properly implemented.

3. Checks must be done close to the point of cause. This enables countermeasure to be

confirmed quickly with the minimum of waste.

4. If the countermeasure is effective it must be standardised and all containments must

be removed.
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Step 8: Standardize and Share

As a change is made to a current process or procedure or if a new method of operating
is created, it needs to be standardised. Standardisation locks the change in place and
doesn’t allow the process to regress back to its former state or deviate to a different
state.

At Toyota Motor Corporation in Japan the phrase used for sharing is yokoten
which means “horizontal application”. Across an organisation, the levels information
can be shared on specific problems are team to team, area to area, department to
department, plant to plant, and country to country and so on.

2.3.5 Total Productive Maintenance

Total productive maintenance (TPM) is a maintenance process developed for
improving productivity by making processes more reliable and less wasteful. The
objective of total productive maintenance is to maintain the plant or equipment in
good condition without interfering with the daily process. To achieve this objective,
preventive and predictive maintenance are used. By following the philosophy of TPM
the unexpected failure of the equipment can be minimized. TPM focuses primarily on
manufacturing and is the first methodology Toyota used to improve its global position
in 1950s. An accurate and practical implementation of TPM will increase productivity
within the total organization. The benefits of effective TPM include (i) safer working
environment (ii) improved equipment reliability — uptime (ii) increased capacity (iv)
increased productivity (v) improved quality (vi) company financial performance and

job security.

2.4 Contrast between the literatures and the practice followed at Atlantis

Foundries

The literatures suggest that, standardisation of work is one of the most
important principles of waste elimination as it focuses on reducing waste within a
process. Liker (2004) identified standardisation of work as one of the basic
foundations of lean manufacturing as it forms the basis for continuous improvement.

The lean house set by Liker (2004) illustrated that the foundation of the house must be
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stable for the pillars to stand steadily and must consists of tools like 5S, standardized
work, and leveled production for reaching the lean production goals consisting of best
quality, lowest costs, shortest lead time, highest safety and high morale set at the roof.

According to Liker (2004) standardized work is one of the best practices in
building the quality as it reduces the process variations within a process.
Standardisation of work ensures that each job is organized and carried out in the most
effective manner and the same level of quality is achieved for the job irrespective of
the person doing the job. The practical evidence is directed from Toyota zero defects
production, done through the standardized work. In Toyota, standardized work sheets
are selected as a mean to solve the quality problems and process variations. Liker
(2004) claims that any good standardized task procedures need to be developed by
operators and must be simple and practical enough to be used every day by the
ordinary operators. Moreover, set standards connect people, equipment and material
to develop the most efficient sequence, location and practice and this improve
productivity, reduce variation in the work performance and improve the quality of the
product (Liker 2004).

Comparison of the best practice set by Liker and the practice followed at
Atlantis Foundries revealed that the work procedures at Atlantis Foundries were not
standardised and were developed by engineers rather than the operators. Further
analysis also revealed that the operators on different shifts are working on different
work sequence and are not exactly following the work procedure developed by
engineers. As scrap and rework rate of heavy duty cores is a major quality concern for
Atlantis Foundries, standardisation of work can be considered as a best practice for
reducing the scrap and rework rate. Therefore, the project focuses on introducing
standardised work at core shop heavy duty flow line of Atlantis Foundries.
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CHAPTER THREE
COMPANY PROFILE
3.1 Company Introduction

Atlantis Foundries is a South African based company manufacturing cylinder
blocks and gear box castings. The company produces automotive castings for both the
commercial and passenger vehicle industries. In addition, the company machines
castings and forgings for automotive applications. Atlantis Foundries is situated in
Atlantis approximately 50 km north of Cape Town. The company sells over 253,000
blocks per annum and has a workforce of over 1350 employees as on March 2012.

Atlantis Foundries product range comprises of
e Cast grey iron cylinder blocks ranging from 55kg to 420kg.

e Machined commercial vehicle diesel engine cylinder blocks ranging from 4 to 12

cylinder variants.
e Machined crankshafts used in commercial vehicle diesel engine applications.

The company supplies customers with a large variety of complex high quality
grey iron castings, precision machined cylinder blocks and crankshafts. Major
customers include Mercedes-Benz, Detroit Diesel Corporation (DDC), Cummins,
Perkins, Ssangyong and MAN.

3.2 Production Process

Atlantis Foundries has a well-equipped core shop (refer Figure 5) consisting of
a range of machines that produce small to large complex cores. Cores are produced
using the cold box manufacturing method which consists of mixing sand with a 2 part
resin compound and injecting it into a core box. Thereafter amine gas acting as a
catalyst accelerates the curing of the core. The cores produced are then assembled and
are coated with an exactly defined core paint wash of 0.3mm thickness. The assembly
is then dried in oven before passing on to the moulding shop.

Molten metal is used for metal casting. Grey iron is produced in two 10 tonne
medium frequency induction furnaces (refer Figure 5) which are backed up by smaller
electrical arc and induction furnaces. The foundries melting capacity is in excess of
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220 tonnes per day. After melting, the metal is transferred into two 50 tonne holding
furnaces where the metal is further treated and alloyed. A fully automatic laser

controlled nitrogen charged pressure pour furnace fills the mould.

The company has got a modern green sand facility where the green sand of
moulding line (refer Figure 5) is produced using a modern state of the art mixer. The
moulds are produced from high precision steel tools creating intricate shapes. Before
pouring of molten metal takes place, the core assemblies are inserted into the moulds
and then passed into the pouring furnace. A 10 tonne fully automatic pressure pour
furnace is used to pour moulds of 300 to 500 kg mass at a rate of one mould per
minute. Once poured, the castings remain in the moulds for three hours before being

ejected out onto the shake out conveyer.

Castings from the shake out conveyer go into the finishing shop (refer Figure
5). Finishing shop prepares castings, so that they are clean, precise and ready for
machining. Here, the sand covered castings are shot blasted and cleaned. Each casting

is then hand fettled to customer’s specifications before going to the machining shop.

In machining shop (refer Figure 5), the fettled castings are either spray painted
or powder coated as well as spot faced and leak tested. Machining shop of the
company has three block machining production facilities as well as a crankshaft
machining line. Modern machines using the latest CNC technology are employed
where the castings are reference machined on CNC machining centres. This ensures
that the exacting tolerances needed to produce engines that comply with the most
stringent exhaust emission standards are met. After this, castings are transferred to

outbound logistics facility.

3.3 Quality System of the Company

Atlantis Foundries is accredited to all major internationally recognized
automotive quality systems. Quality is the hallmark of the company. With the
company’s continuous improvement strategy, the company ensures that the quality is
forever improving. The company’s metrology, metallurgy and physical laboratories
ensure that the products are controlled to the exacting requirements of the customers.
Atlantis Foundries is certified to the DIN EN 1SO 9001:2000, VDA 6.1, QS 9000 and
ISO/ TS Quality systems (Atlantis Foundries brochure, 2011).
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Introduction of Standardised Work

CHAPTER FOUR

APPROACH

Scrap and rework rate of heavy duty cores is a major quality concern for

Atlantis Foundries. The literature research has shown that standardisation of work is

considered to be best practice to reduce scrap and rework rate. Hence the research

focuses to introduce standardised work at core shop heavy duty flow line of Atlantis

Foundries.

The necessity for the introduction of standardised work at Atlantis Foundries
can be analysed from the data in Table 1. The data is obtained by taking the average
values of production from 16™ January 2012 to 20" March 2012.

Table 1: Core shop figures

Actual Target )
Name Difference Inference
Value Value
Scrap rate in core Scrap rate is higher
1.04% 0.9% -0.14%
shop per day than target
Rework rate in core Rework rate is higher
2.07% 1.85% -0.22%
shop per day than target
) Actual cores produced
Cores produced in )
396 550 -154 is 28% lesser than
core shop per day
target
) ) Employees are working
Shifts required per ) ]
21 15 6 overtime for meeting
week

the weekly target

Standardised work can be implemented by building up an area for

standardised work to generate experience to managers and operators with regards to
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1) Standard work instruction/ Job element sheet with work steps, work sequence,
durations, layout, tools, key-points and reasons.

2) Training of operators and developing skills matrix.
3) Checking standardised work through 5 cycle check - layered process audits.
4) Continuous improvement programme workshops.

For implementation of standardised work in the foundry, the total project was
divided into three phases namely planning phase, implementation phase and

stabilising phase commonly known as Plan, Do, Check and Act (PDCA).

A) Planning Phase (Plan) - In this phase, actual process, actual value stream, key
figures and problems in the foundry were analysed. Moreover, standard work
instruction (SWI) and job element sheet was generated along with operators.

B) Implementation Phase (Do) - Refers to implementation of standardised work and
collection of data for stabilising Phase. Workshops were conducted with managers
and operators to implement standard work instruction and job element sheet.

C) Stabilising Phase (Check and Act) - Here the data obtained in the implementation
phase was checked. This data was compared with expected results and the

deviation in implementation and plan was checked.

4.1 Core Shop Heavy Duty Flow Line

Core shop heavy duty (HD) flow line of Atlantis Foundries manufactures heavy duty
cores. The heavy duty cores produced here are 471 EPA 10 and 472 EPA 10. In a day,
HD flow line runs in 3 shifts; Morning shift (7:00 to 15:00), Afternoon shift (15:00 to
23:00) and Night shift (23:00 to 7:00). The three shifts rotates on a weekly basis and
is designated as A, B and C Shift based on the General Foreman operating in the
shifts.

The key people associated with core shop heavy duty flow line are Manager
(Core shop), Engineer (Core shop), General Foreman (HD Flow Line A, B and C
shifts), Team Leader (HD Flow Line A, B and C shifts), Senior Operator (HD Flow
Line A, B and C shifts) and Operators (HD Flow Line A, B and C shifts). The layout
of core shop heavy duty flow line is shown in Figure 6.
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Stations and Operators of Core Shop Heavy Duty Flow Line
The core shop heavy duty flow line consist of 16 stations and 27 operators

e Machine 100 : Produce End core - 1 Operator

e Machine 120 : Produce Water Rail — 1 Operator

e Machine 350 : Produce End Core — 1 Operator

e  Machine 135 : Produce Crank Case 1,2,3 — 2 Operators
e  Machine 140 : Produce Crank Case 4,5,6 — 2 Operators
e Machine 150 : Produce 6 Port — 1 Operator

e Machine 365 : Produce 2 Port, Timing Insert — 1 Operator
e  Machine 320 : Produce 3 Port, Bypass — 2 Operators

o Assembly Deck : Core Assembly — 4 Operators

e 6 Port Assembly — 1 Operator

e 2 & 3 Port Assembly — 1 Operator

e  Water Rail Assembly — 2 Operators

e Oven Dip Station — 2 Operators

e Oven Take off Station — 2 Operators

o Dirilling Station — 2 Operator

e Quality Inspection Gate — 2 Operators

Figure 6: Layout of Core Shop Heavy Duty Flow Line

27




4.2 Value Stream Mapping - Core Shop Heavy Duty Flow Line

Value stream mapping is an enterprise improvement tool to assist in visualizing the
entire production process, representing both material and information flow required to
bring a product or service to a consumer. Value stream mapping of core shop heavy
duty flow line is shown in Figure 7. Here the total lead time is 3 days 44 minutes and
value added time is 1hour 11 minutes.
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4.3 Generation of Standard Work Instruction (SW1)

Standard work instructions are specific instructions that allow processes to be
completed in a consistent, timely and repeatable manner. For generating standard
work instruction, the operating procedures of operators working on each station per
shift were analysed. The entire process of operation performed by operators on a
station was divided into various job elements. Job elements provided by operators on
a particular station in a shift were compared with the job elements provided by
operators working on the same station in other two shifts. The difference in work
sequence was analysed and the difference in operating procedure were investigated
with reasons from the operators in three shifts. After investigation, unnecessary
operations (job elements) were eliminated and required operations were added in
consultation with operators of three shifts. Each job element was then compiled in
steps to make the operator aware of the step by step standard procedures followed to
perform the process. Thus a total of 27 standard work instructions were generated.

4.4 Generation of Job Element Sheet (JES)

Job element sheet defines in detail the elements of the process operations as
established in standard work instruction. By means of visual aids/images, job element
sheet gives a better understanding to the operator why a particular job element is
performed for completing the process. It provides information regarding the necessity
of a particular job and the outcome if that job is not performed. Job element sheet was
prepared in consultation with operators of three shifts.

4.5 Generation of Skills Training Matrix

Skills training matrix is a table showing the skills held by individuals in a team and
the skills gap within a team. It was prepared to check the number of operators capable
of operating on more stations and also for analysing the progress in training of core
shop operators. On the basis of this table, tasks can be rotated and workers can fill in
for each other.
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4.6 Generation of 5 Cycle Check Observation Form (Layered Process Audits)

Redundant process checks that verify five parameters namely work sequence, safety
of operators, quality, tools/equipment’s, design of work place. 5 Cycle check
observation form is used for the validation of standardised work. 5 Cycle check
observation form at Atlantis Foundries is audited by general foreman, engineer and

senior management.
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CHAPTER FIVE

RESULTS AND DISCUSSION

5.1 Introduction of Standardised work

Standardized work was introduced at Atlantis Foundries with the generation of
standard work instruction, job element sheet, skills training matrix and layered
process audits. Standard work instruction and job element sheet were generated in
consultation with operators. Skills training matrix was prepared to check the number
of operators capable of operating on more stations and also for analysing the progress
in training of operators. Layered process audit (5 Cycle check observation form) was
used for the validation of standardised work.
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5.1.1 Standard Work Instruction

Standard work instructions generated for the project are shown in Figure 8.

uoI1oNJAISU| YIOAN pepuels :g ainbi-

:(1yS D) Jepeajureal

‘(11ys O) uewalod

LOOA

:(1ys g) Jepesjureal

‘(11ys g) uewaiod

(JV - L) "ON UOISIBA

:(1IyS V) Jepesjueal

‘(IYS v) uewslod

EIPE CINIERITEPETE|

(areqg ‘aweN) [enoiddy Buliaauibug

(areq ‘awey) eaoiddy uononpoid

bleq 3 9 WeN - Aq pajea.y

:dinb3 Ajajes

awi e M /8wl 81242 0INY /BUIN H10M [enue N = D/8/V :Bulyoe W

1swndo Wil “uliN / “Xei

Ng pappe aNfeA UON /ATessaosu g pappe aNfen uoN /pappe anfeA= O/a/v Aiqwessy| X

X, Ynm adAy awil yrew

SYILL B SWH =H ‘Airend = O ‘sououobg / Alojes =5

s|joquwAs 01 Aay

[pa@sSn S|001
_ SMa19s 3|ppiw § 8y uaybiyl jou og O
2100 ssedAg jo Bunoss _ 810D 110d 9 40 Bulinoss
X 2LV TLY Alquassy 810D Ule \ 8yl 10} 1M Burire m
X 14 2LV TLY pauaiybiyy s1 8100 ssedAg §I |9a4 ssedAg sinoss| T
A X 14 2LV Ty Bir ssedAg anoway 61c enoway| €T
{ ﬂ X g 2LV TLY wollog o) dol woi) 810 ssedhg usybiyl ssedfq :wm_\uw‘"“w 2T
T10d 9 947 o107
X|S €50-0 Ly iTly doop o031 10u 1491 01 JubiJ wWoJl SMBIOS BIDDIWG BYI UBIUBIY sms10s 3i0d 9 uaiubiLf TT
X a2c CLY | TLY 1497 01 yBry ‘dol ol wollog WOy SMaIOS 1u0d 9 usybiyl| smeios yiod 9 uabiyl| QT
00 X Z 2LV TLY (ww QST X 9°0) @100 ssedAg 0lul SMaIdS g 11asu| smalos ssedAq pesul| 6
3
340D 140d 9 340D 1d0d 9 SSVYdAY X 17 AR A RVA (1-H) (Wwgz x §°0) 1J0d 9 01Ul SM8IOS g 1lasu| smalos jiodg pesul| g
| L | (T H) PUES 6500]
XN X 8 Ly 1Ly 110 mojg pue 8400 ssedAg jo axe| '101Sid Jiy Bul 8ve| pues esoon Jjo moia] L
’ €1 X Z 2LV TLY 9100 ssedAg ay) ojul s8joH g 8y} ||11d| @100 ssedAg jo Buiial 9
A | By B AR X z 2Ly I Ty 2100 ssedAg ayy oluo Bip ssedAg ayl 18s bir ssedAg jo1es| G
1 X 9 2LV TLY ‘Alquassy ule )y oluo a10) ssedAg ayl 11asu| 9100 ssedAg wssul| {7
. f— X 9 2LV TLY Alquassy ule \ 01UO 110d 9 8yl 14asu| 11od 9 wesul|l €
6L¢ = oSy X € CLy | TLY (dol ®a|ppIIN) 110d 9 8y} 03Ul SMBIOS L 1Iasu] SMa19s L 1asul| g
o118 40
X|¢ cLyi1ly 12U 2ul 01 9AOW SUIIMO sng voung usndj 1
e10
(reuondo sainioid 7 suondiiosap) welbeiqg 111aybeds /1noke A.oow&m_mweﬂ oo ON S3Cr ® |loquAS| Siuellep Juswag qor 0} s|e1aq Juswag qor "ON
200-¢LyvTLy doys a1o0p [S@11PUNOS
T /1 9bed | Z1./€0/9T 29T CLYITLY uonels A|quessy 1od 9 TTIVT
-0v0-SO-IMS Aing AnesH | snuey
(A/x) abed | areq nay "ON - IMS |9pPOIN 8seg (urw) swiL apAof(urpy) awil el JadA1/japo jutuoe W 1o uorresedo Juoniels ‘aul ‘dnoliajua) 1sopfiua wiedaq iaiuap/iueld

AlQwassy 1104 9

(IMS) uononusu| Y410/ prepuels

33



5.1.2 Job Element Sheet

9.

hown in Figure

Job element sheet generated for the project is s
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5.1.3 Skills Training Matrix

Skills training matrix generated for the project is shown in Figure 10.
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5.1.4 Layered Process Audit

Layered process audit (5 Cycle check observation form) generated for the project is

shown in Figure 11.

IHHHE ATLANTIS -:

4 Product Cester of Mescedes-Benz Tracks

FOUNDRIES

5-Cycle-Check”
Observation Form

Dept. / Section Date Shift Machine/Station Operator Observer

ABC I MAAGN

Validation of standardized work:

Work sequence (SWI/ JES):

Is the acrual version of the SWI available and does:l
the Operator know where to find it?

2. Has the Operator been frained to work on the D
station (Skills-Matrix)?

3. Isthe Operator working to a defined sequence ]
(SWI) and details (JES)?

4. Is the Operator working within takt time and is the[ ]
takt time displayed in SWI?

5. Can the operator explain “What to do™ in the evenD
of a deviation or stop loss?

Safety:

6. Isthe operator wearing/using the specified I:I
equipment correctly (clothing/PPE )?

7. Isthe surrounding environment/machine in a safe
condition (gates/stop-switches)? ]

Quality:

8. Are any additional tasks or methods (JES)
performed accurately by the operator? E]

9. Are any parameters defined & understood clearly
(Key poinis & Key point reasons)? 1]

10. Are deviations highlighted and feedback given. on
“Next steps™ to the operator? |:I

Equipment / Tools:

11. Are the specified tools available & in a good ]
condition?

12. Are the specified tools used correctly? ]

Workplace design:

13. Isthe workplace designed to comply with the
given Standard? |:|

14. Isthere a “Place for everything and Everything in D

i’s Place™ (e.g. tool holders)?

o ooooo o guooo

Findings / Comments;
{if possible Hnk to numbers)

Recommendations / Improvements:

Figure 11: Layered Process Audit
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5.1.5 Major improvements on introduction of standardised work

Layout of Machine 120 (Water Rail manufacturing machine) was modified and

hence transportation was reduced.

Trolley concept was introduced at Machine 150 (6 Port manufacturing machine).
Hence manufactured 6 Port was transported to 6 Port assembly station by means
of fork lift trucks, thereby reducing the unwanted movement of 6 Port station

operator.

Operators were able to work within takt time.

5.1.6 Figures of Core Shop Heavy Duty Flow Line on introduction of

standardised work

Rate of scrap per day was reduced from 1.04% to 0.67% making an average daily

reduction in scrap from 4 to 2 heavy duty cores (refer Figure 12).

Rate of rework per day was reduced from 2.07% to 1.19% making an average

daily reduction in rework from 8 to 4 heavy duty cores (refer Figure 13).

Average weekday production of heavy duty cores was increased from 1981 to
2130 making an average daily increase in production from 396 to 426 cores.

Operating shifts required per week for meeting the required weekly target was
reduced from 21 to 20 shifts.

These figures are obtained by comparing the average values before and after

the introduction of standardised work. Before standardised work refers to the period
between 16" January 2012 and 20™ March 2012 and after standardised work refers to
the period between 21% March 2012 and 17" June 2012.
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5.2 Analysis of Employee Behaviour, Personal and Training Development, 5S &
the Seven Wastes

Acceptance and rejection of standardized work by the employees is a major
area of concern in manufacturing industries. In order to get an understanding about
how the employees accept the introduction of standardised work, it is essential to
diagnose the employee behaviour. Employee behaviour can be analysed with the help
of a structured standardized questionnaire (Robbins, 2006; Kothari, 2003) with
specific focus towards the introduction of standardised work in the foundry.

Skills of employees are the asset of any company. Analysing the skills gained
by there employees is a major step towards a company’s success. Hence it is essential
to analyse the personal and training development of employees. This can be found out
with the help of a structured standardized questionnaire.

Structuring of the work environment is one of the basic foundations of lean
manufacturing (Liker, 2004). Implementation of lean tools cannot be considered
perfect if the employees do not structure their work environment. So it’s essential to
check whether the employees structure their work environment.

The wasteful activities occurring in an organization, identified as “Seven
Wastes” by Toyota’s chief engineer Taiichi Ohno are transportation, inventory,
motion, waiting, over-processing, over-production and defects. An activity that does
not add value is unproductive and wasteful. Therefore, it’s necessary to check the
existence of the seven wastes in the company. This can be found out with the help of a
structured standardized questionnaire.

5.2.1 Respondent Profile

The respondents include all employees of core shop heavy duty flow line
namely Manager (Core shop), Engineer (Core shop), General Foreman (HD Flow
Line A, B and C shifts), Team Leader (HD Flow Line A, B and C shifts), Senior
Operator (HD Flow Line A, B and C shifts) and Operators (HD Flow Line A, B and C
shifts).
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5.2.2 Population

Population taken for the analysis included all the employees of core shop
heavy duty flow line and the size of population was 92. This included the employees
of 3 shifts and 16 stations.

5.2.3 Sample Size

For greater reliability of results, the whole population was included as the
sample size (Kothari, 2003). Out of the 92 employees interviewed, 10 employees
refused to respond. The responded number of employees was thus 82 and the valid

questionnaire taken for analysis was 82.

5.2.4 Method of Data Collection

Primary data was collected with a structured standardized questionnaire
generated on five point Likert scale (Kothari, 2003) on the basis of direct interview
with the employees of core shop heavy duty flow line. Secondary data was collected

from company records and company database.

The questionnaire on five point Likert scale provided the employees to make
decision from the five available options; strongly disagree, disagree, neutral, agree
and strongly agree. For analysis all responses were coded as follows; Strongly

Disagree — 1, Disagree — 2, Neutral — 3, Agree — 4, Strongly Agree — 5.

The questionnaire consisted of four parts;

Part A — Lean Tools and Employee Behaviour

Part B — Personal and Training Development

Part C — Methodologies for Structuring Work Environment (5S)
Part D — Existence of the Seven Wastes

5.2.5 Inferences of Pilot Study

Before doing elaborate questionnaire survey, a pilot study was conducted for
testing the questionnaire. Pilot study is the replica and rehearsal of the main
questionnaire survey. Pilot study brings to light the weakness of the questionnaire and
also the survey techniques (Kothari, 2003).
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For doing the pilot study, interview were conducted with 3 operators of B
Shift. It was found that few questions were not arranged in an orderly sequence, as
orderly arrangement of questions reduces the chances of ambiguity among the
respondents. Based on this, questions were arranged in a sequential manner and were

used for interviewing the employees of all 3 shifts.

5.2.6 Tools for Data Analysis

Statistical Package for Social Sciences (SPSS) version 10 was utilized to
analyze and present the data in this research, with frequency tables and graphical
illustrations to provide information on variables of research (Field, 2006). The
variables of this research are lean tools and employee behaviour, personal and training
development, methodologies for structuring work environment (5S) and existence of
the seven wastes. The statistical tools used include tabulation and descriptive
statistics. Descriptive statistics gives the mean of the different variables under
consideration and the maximum and minimum value the variable has achieved in the

research.

5.3 Statistical Analysis and Interpretation

Here, the demographic variables used in the questionnaire and the questions
related to lean tools and employee behaviour, personal and training development,
methodologies for structuring work environment (5S) and existence of the seven
wastes are statistically analysed and interpreted.

5.3.1 Analysis of Demographic Variables

The demographic variables used in the questionnaire are analysed from Table 2 to
Table 8. The demographic variables include gender of respondents (refer Table 2),
age group of respondents (refer Table 3), educational qualification of respondents
(refer Table 4), designation of respondents (refer Table 5), length of employment of
respondents at Atlantis Foundries (refer Table 6), operating station of respondents
(refer Table 7) and shift wise details of respondents (refer Table 8).
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Table 2: Gender of respondents

Gender
Cumulative
Frequency Percent Valid Percent Percent
Valid Male 72 851 895.1 851
Female 4 4.9 4.9 100.0
Total B2 100.0 100.0

Inference: Majority of the respondents were males (95%) and only 5% of the

respondents were female respondents.

Table 3: Age Group of Respondents

Age Group
Cumulative
Freguency Percent Valid Percent Percent

Valid Below 25 Years 13 15.9 159 15.9
2510 35 Years 26 3T 31.7 47 6
26 to 50 Years 38 463 463 939
above 50 Years 5 6.1 6.1 100.0

Total 82 100.0 100.0

Inference: 16% of the core shop HD flow line employees were below 25 years of
age. 32% of the employees were between the age group of 25 to 35 years. 46% of the
employees were between the age group of 36 to 50 years and 6% of the employees
were above 50 years of age. Hence majority of the employees interviewed were

between the age group of 36 to 50 years.

Table 4: Educational Qualification of Respondents

Educational Qualification

Cumulative
Frequency Percent Valid Percent Percent
Valid  Below Matric 44 53.7 53.7 53.7
Matric 35 42T 427 96.3
Diploma 3 3.7 3.7 100.0
Total 82 100.0 100.0

Inference: 54% of the employees interviewed were below matric, 43% of the
employees were matric and 4% of the employees were diploma holders. None of the

employees from operators to manager holds a bachelors or masters degree.
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Table 5: Designation of Respondents

Designation
Cumulative
Frequency Percent Valid Percent Percent

Valid Operator T3 89.0 20.0 89.0

Senior Operator 2 2.4 24 915

Team Leader 2 2.4 2.4 93.9

General Foreman 3 3.7 3.7 a97.6

Engineer 1 1.2 12 Q3.8

Manager 1 1.2 1.2 100.0

Total 82 100.0 100.0

Inference: 89% of the respondents were operators, 2% of the respondents senior

operators, another 2% team leaders, 4% of the respondents include general foreman

and the remaining respondents include core shop engineer and core shop manager.

Hence majority of the respondents were operators.

Table 6: Length of Employment at Atlantis Foundries

Length of Employment

Cumulative
Frequency Percent Walid Percent Percent
WValid Oto 2 Years 18 220 220 220
31to 5 Years 18 220 220 439
6to 10 Years 17 207 207 64 6
11 to 15 Years 14 171 171 81.7
16 to 20 Years 11 13.4 134 951
Above 20 Years 4 49 49 100.0
Total 82 100.0 100.0

Inference: 22% of the respondents had been in Atlantis Foundries for 2 years, another

22% from 3 to 5 years and 21% from 6 to 10 years. Employees with 11 to 15 years of

work experience were 17%, 15 to 20 years were 13% and above 20 years of work

experience were 5%.

44



Table 7: Analysis of Respondents based on Operating Stations

Station operating

Cumulative
Frequency Percent Valid Percent Percent
Valid Machine 100 3 37 37 37
Machine 120 3 37 37 73
Machine 350 3 a7 37 11.0
Machine 135 6 73 73 18.3
Machine 140 5] 73 T3 256
Machine 150 3 37 37 293
Machine 365 3 5 W 4 37 3289
Machine 320 6 73 T3 40.2
Core Assembly Station 11 134 13.4 537
6 Port Assembly Station 3 37 37 573
2 & 3 Port Assembly
Station 3 37 37 61.0
Water Rail Assembil
Station ! 4 4.9 49 65.9
COwen Dip Station 5] T i T3 732
Oven Take off Station 5 6.1 6.1 793
Drilling Station 4 49 49 841
Quality Inspection Station 5 6.1 6.1 902
Supemnvision 8 9.8 98 100.0
Total 82 100.0 100.0

Inference: Majority of the respondents interviewed were operating at core assembly
station (13%). Supervision refers to the supervisory respondents like senior operators,
team leaders, general foreman, core shop engineer and core shop manager who do not

operate on any specific station.

Table 8: Shift wise details of Respondents

Shift
Cumulative
Frequency Percent Valid Percent Percent

Valid B Shift 29 35.4 35.4 354

C Shift 26 31.7 317 67.1

A Shift 25 305 305 97.6

All Shift 2 2.4 24 100.0

Total 82 100.0 100.0

Inference: Majority of employees responded were from B Shift (35%). All shifts
refer the core shop engineer and core shop manager.
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5.3.2 Lean Tools and Employee Behaviour
Analysis of Employee Behaviour

A total of 17 questions were formulated so as to analyse the behaviour of employees
on introduction of standardised work. All the questions related to employee behaviour
were structured in a positive manner. Among the 82 employees interviewed, majority
of the employees responded positively to the entire 17 questions. All questions related

to employee behaviour are analysed from Table 9 to Table 25.

Table 9: Understand what is meant by lean & participated in its implementation

Understood lean & participated in implementation

Cumulative
Fregquency Percent Valid Percent Percent
Valid Disagres 7 B5 85 8.5
Neutral 2 2.4 2.4 11.0
Agree 70 B5.4 85.4 96.3
Strongly Agree 3 37 37 100.0
Total B2 100.0 100.0

Inference: Majority of employees agree that they understood lean and participated in

lean implementation and introduction of standardized work (85%).

Table 10: Understand the need to implement lean techniques in the foundry

Understood need to implement lean in foundry

Cumulative
Frequency FPercent Valid Percent Percent
Valid Disagiee 4 4.9 4.9 4.9
Meutral 4 49 49 9.8
Agree 69 84 1 841 939
Strongly Agree 5 6.1 6.1 100.0
Total 82 100.0 100.0

Inference: Majority of employees agree that they understood the need to implement

lean techniques in the foundry (84%).
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Table 11: Standard work instruction was developed together with employees

SV developed along with employees

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 10 122 122 12.2
Meutral 2 24 24 14.6
Agree 65 793 793 939
Strongly Agree 5 6.1 6.1 100.0
Total 82 100.0 100.0

Inference: Majority of employees agree that standard work instruction (SWI) was

developed together with employees (79%).

Table 12: Trained to work on the basis of standard work instruction (SWI)

Trained to work based on SWI

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 5] 3 7.3 7.3
MNeutral 4 4.9 49 12.2
Agree 68 829 829 85.1
Strongly Agree 4 49 49 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they were trained to work on the

basis of standard work instruction (83%).

Table 13: Satisfied with the training procedure

Satisfied with training

Cumulative
Frequency Percent Valld Percent Percent
Valid Disagree 6 7.3 73 7.3
MNeutral 5] 73 73 14.6
Agree 66 80.5 80.5 95.1
Strongly Agree 4 49 49 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they were satisfied with the training

procedure (81%).
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Table 14: Standard work instruction made work easier

SWI made my work easier

Cumulative
Freguency Percent Valid Percent Percent

Valid Strongly Disagree 1 1.2 1.2 1.2
Disagree & 7.3 7.3 8.5
Neuiral 11 13.4 13.4 22.0
Agree 59 720 T72.0 939
Strongly Agree 5 6.1 6.1 100.0
Total B2 100.0 100.0

Inference: Majority of the employees

made work easier (72%).

agree that standard work instruction (SWI)

Table 15: Prefer to work based on standard work instruction over previous

instructions

Prefer to work on SWI over previous instruction

Cumulative
Frequency Percent Valid Percent Percent

Valid Strongly Disagree 1 12 1.2 12
Disagree 10 122 122 13.4
MNeutral 7 85 8.5 220
Agree 61 T4.4 T4.4 96.3
Strongly Agree 3 37 37 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they prefer to work based on

standard work instruction (SWI) over previous instructions (74%).

Table 16: Able to complete operation within takt time as displayed in standard

work instruction

Able to complete operation within takt time

Cumulative
Fregquency Percent Valid Percent Percent
Valid Meutral 3 37 37 3.7
Agree 76 927 92.7 96.3
Strongly Agree 3 3.7 3.7 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they are able to complete operation

within takt time as displayed in standard work instruction (93%).
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Table 17: Overall satisfied with the standard work instructions (SWI)

Satisfied with SWI

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagres 2 2.4 24 24
Neutral 5 6.1 6.1 8.5
Agree 71 86.6 86.6 951
Strongly Agree 4 49 49 100.0
Total g2 100.0 100.0

Inference: Majority of the employees agree that they are satisfied with the standard

work instructions (87%).

Table 18: Job element sheet helped in implementation of standard work

instruction (SWI)

JES helped in implementing SWI1

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 1 12 1.2 12
Meutral 3 37 37 49
Agree 74 an.2 902 951
Strongly Agree 4 49 419 100.0
Total a2 100.0 100.0

Inference: Majority of the employees agree that job element sheet (JES) helped in

implementation of standard work instruction (90%).

Table 19: Job element sheet provided the significance of each work element

JES provided significance of work element

Cumulative
_ Frequency Percent Valid Percent Percent
Valid Disagree 1 12 12 12
MNeutral 5 6.1 6.1 7.3
Agree 72 B7.8 87.8 95.1
Strongly Agree 4 49 49 100.0
Total g2 100.0 100.0

Inference: Majority of the employees agree that job element sheet (JES) provided the

significance of each work element (88%).
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Table 20: Satisfied with the information provided in job element sheet (JES)

Satisfied with JES

Cumulative
Freguency Percent Valid Percent Percent
Valld Disagree 2 24 24 24
Meutral 5 6.1 6.1 85
Agree 70 B5.4 BS5.4 83.9
Strongly Agree 5 6.1 5.1 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they are satisfied with the

information provided in job element sheet (85%).

Table 21: 5 Cycle check observation form help in validation of standardised

work
5CC help to validate Standardized work
Cumulative
Frequency Percent Walid Percent Percent

Walid MNeutral T4 a0.2 Q0.2 0.2

Agree 4 49 49 a5.1

Strongly Agree 4 49 49 100.0

Total 82 100.0 100.0

Inference: Majority of employees were neutral regarding whether 5 Cycle check
observation form (5CC) help in validation of standardized work (90%) as 5CC are not

filled by operators but by supervisory employees - general foreman and above.

Table 22: 5 Cycle check observation form helps to convey my concern of work

sequence, safety, quality, tools and workplace design to my supervisor

5CC help to convey concerns to supervisor

Cumulative
Frequency Percent valid Percent Percent
Valid Meutral 74 90.2 902 902
Agree 3 a7 a7 93.9
Strongly Agree 5 6.1 6.1 100.0
Total 82 100.0 100.0
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Inference: Majority of the employees were neutral regarding whether 5 Cycle check

observation form (5CC) helps to convey my concerns to supervisor (90%) as 5CC are

not filled by operators but by supervisory employees - general foreman and above.

Table 23: Satisfied with the implementation of 5 cycle check observation form

Satisfied with 5CC observation form

Cumulative
Freguency Percent Valid Percent Percent
Valid  Neutral 75 91.5 81.5 81.5
Agree 4 4.9 49 86.3
Strongly Agree 3 3.7 3.7 100.0
Total B2 100.0 100.0

Inference: Majority of employees were neutral regarding whether they are satisfied

with implementation of 5 cycle check observation form (92%) as 5CC are not filled

by operators but by supervisory employees - general foreman and above.

Table 24: Commitment to the organization increased with lean implementation

and introduction of standardised work

Commitment to company increased

Cumulative
Frequency Fercent Yalid Percent Percent

Valid Strongly Disagree 1 12 12 1.2
Disagree i} 73 73 85
Meutral T 85 85 171
Aagree 66 805 805 a7 6
Strongly Agree 2 24 24 100.0
Total 32 100.0 100.0

Inference: Majority of the employees

agree that commitment to the organization

increased with lean implementation and introduction of standardised work (81%).
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Table 25: Overall, satisfied with lean implementation and introduction of

standardised work

Overall, satisfied with standardised work

Cumulative
Freguency Percent Valid Percent Percent
Valid Dizagree 3 2.7 37 3.7
Meutral 8 9.8 9.8 13.4
Agree 63 829 829 96.3
Strongly Agree 3 3.7 37 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they are satisfied with lean

implementation and introduction of standardised work (83%).

Table 26: Descriptive Statistics using SPSS

Descriptive Statistics
N Minimum | Maximum Mean
Lean Tools and
Employee Behaviour 82 47 83 63.54
Valid N (listwise) 82

Inference: Table 26 shows the minimum value, maximum value and mean value

achieved for the 17 questions related to lean tools and employee behaviour. This was

obtained by analysing the response of 82 employees of core shop heavy duty flow line

using SPSS.

Table 27: Measurement of Employee Behaviour

Lean Tools and

Employee Behaviour

Minimum Scale

Value

Neutral Scale
Value

Maximum Scale

Value

17

51

85

Inference: Table 27 gives the extent of employee behaviour of employees. On

knowing the mean value from SPSS (refer Table 26) and also the minimum scale

value, neutral scale value and maximum scale value of the questionnaire (refer Table
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27), the extent of employee behaviour can be inferred. Since all the questions related
to employee behaviour in the questionnaire were positive questions and as the mean
value is greater than the neutral scale value it can be inferred that the core shop heavy

duty flow line employees are satisfied with the introduction of standardised work.

5.3.3 Personal and Training Development
Analysis of Personal Development and Training Development of employees

A total of 12 questions were formulated so as to analyse the personal development
and training development of employees after standardized work. Among the 12
questions, only 10 questions were formulated on five point Likert scale and the
remaining two questions were open questions for analysing the feedback of
employees from standardised work. All the 10 questions on five point Likert scale
were structured in a positive manner. Among the 82 employees interviewed, majority
of the employees responded positively to the entire 10 questions. All questions related
to personal and training development are analysed from Table 28 to Table 37.

Table 28: Lean implementation provided way for personal growth and

development in company

Lean help in personal growth & development

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 8 98 9.8 9.8
Meutral 8 93 9.8 19.5
Agree 61 4.4 4.4 939
Strongly Agree 6.1 6.1 100.0
Total 32 100.0 100.0

Inference: Majority of the employees agree that lean implementation provided way

for personal growth and development in company (74%).
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Table 29: Lean implementation provided way for growth and development of

technical skills

Lean help in improving technical skills

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 15 123 i8.3 18.3
Meutral 6 73 73 256
Agree 56 683 683 939
Strongly Agree 5 6.1 6.1 100.0
Total 82 100.0 1000

Inference: Majority of the employees agree that (68%) lean implementation helped in
growth and development of technical skills but a small major portion (18%) disagrees

to this.

Table 30: Whether employees like to work on more than one station

Like to work on more than one station

Cumulative
Frequency Percent Walid Percent Percent

Valid Strongly Disagree 1 12 12 12
Disagree 1 12 12 24
Meutral 2] a8 2 122
Agree T1 86.6 86.6 988
Strongly Agree 1 12 12 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they like to work on more than one
station (87%).

Table 31: Whether employees were given training to work on more than one station

Given training to work on more stations

Cumulative
Frequency Percant Valid Percent Percent
Valid Disagree 5 6.1 6.1 6.1
MNeutral 9 11.0 11.0 17.1
Agree 68 829 829 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they were given training to work on

more than one station (83%).
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Table 32: After training able to work on new station without assistance

Able to work on stations without assistance

Cumulative

Frequency Percent Valid Percent Percent
Walid Disagree 2 24 24 24
Meutral 13 159 15.9 183
Agree 67 81.7 81.7 100.0
Total B2 100.0 100.0

Inference: Majority of the employees agree that after training they are able to work

on new station without assistance (82%).

Table 33: Whether employees were trained to work on two or more stations

Traimed to work on two or more stations

Cumulative
Frequency Percent Walid Percent Percent
Valid Disagree 3 37 3.7 37
MNeutral B 0.8 8.8 13.4
Agree 71 86.6 BG6.6 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agree that they were trained to work on two or

more stations (87%).

Table 34: Whether employees were trained to work on five or more stations

Trained to work on five or more stations

Cumulative
Freguency FPercent Valid Percent Percent
Valid Disagrees 18 220 220 220
Meutral 8 9.3 9.2 31.7
Agree 56 68.3 683 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees (68%) that they were trained to work on

5 or more stations but a small major portion (22%) disagrees to this.
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Table 35: Whether able to train other employees to work on two or more stations

Able to train employees on 2 or more station

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree Fi 8.5 8.5 8.5
Meudral B .8 9.8 18.3
Agree 67 B17 81.7 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees that they can train other employees to

work on two or more stations (82%).

Table 36: Whether able to train other employees to work on five or more stations

Able to train employees on 5 or more station

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 33 40.2 402 40.2
Meutral B o8 0.8 50.0
Agree 41 50.0 50.0 100.0
Total a2z 100.0 100.0

Inference: Majority of the employees agrees (50%) that they can train others to work

on five or more stations but a major portion (40%) disagrees to this.

Table 37: Overall satisfied with the implementation of training matrix

Satisfied with Training matrix

Cumulative
Frequency Percent Walid Percent Percent
Valid Disagree 1 12 12 12
Meutral ] 73 73 8.5
Agree T4 a90.2 902 98.8
Stronagly Agree 1 1.2 1.2 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees that they were satisfied with the

implementation of training matrix (90%).
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Table 38: Descriptive Statistics using SPSS

e Statistics
& Minimunm | Maximum Mean
Personal and Training
Development 82 29 40 36.84
Valid M (listwizse) g2

Inference: Table 38 shows the minimum value, maximum value and mean value
achieved for the entire 10 questions related to personal and training development.
This was obtained by analysing the response of 82 employees of core shop heavy duty

flow line using SPSS.

Table 39: Measurement of Personal and Training Development

o Minimum Scale Neutral Scale | Maximum Scale
Personal and Training
Value Value Value
Development

10 30 50

Inference: Table 39 gives the extent of personal and training development of
employees. On knowing the mean value from SPSS (refer Table 38) and also the
minimum scale value, neutral scale value and maximum scale value of the
questionnaire (refer Table 39), the extent of personal and training development can be
inferred. Since all the questions related to personal and training development in the
questionnaire were positive questions and as the mean value is greater than the neutral
scale value it can be inferred that the core shop heavy duty flow line employees had

personal development and are working on more than one station.

Positives of employees with introduction of standardised work
e Standard work instruction made work easier.
e After the introduction of standardised work employees know exactly what to do.

e Standard work instruction increased product quality.
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Standard work instruction is easy to understand.

Standard work instruction made work more productive.

Now there is a definite sequence for doing operations.

After the introduction of standardised work, work environment is better.

Not much strain to work after the new procedures.

Standard work instruction made work faster.

After the introduction of standardised work there is consistency in work.

Now less time is required for work and spare time is present between work.
Introduction of standardised work made to learn more and thereby more growth.
Now the problem solving is easy.

None is required to teach work as standard work instruction and job element sheet

are there.

The quality of work increased.

Gained skills and knowledge.

Better work flow and takt time.

Standard work instruction simplified work.

There is no need for hurry after the introduction of standardised work.

Negatives of employees with introduction of standardised work

Employees do not provided any negatives for the introduction of standardised work.

5.3.4 Methodologies for Structuring Work Environment (5S)

Analysis of 5S

A total of five questions were formulated so as to analyse whether the employees

structure their work environment. All the questions related to the structuring of work

environment were framed in a positive manner. Among the 82 employees

interviewed, majority of the employees responded positively to the entire five
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questions. All questions related to structuring of work environment are analysed from
Table 40 to Table 44.

Table 40: 5S - Sorting

5S - Sorting
Cumulative
Frequency Percent Valid Percent Percent
Valid  Disagree 1 1.2 1.2 1.2
Meutral 16 19.5 195 207
Agree 65 7913 793 100.0
Total 82 100.0 100.0

Inference: Majority of employees agrees that they sort their work environment

(79%).

Table 41: 5S - Stabilizing/ Straightening out

55 - Stabilizing/ Straightening out

Cumulative
Freguency Percent Valid Percent Percant
Valld  Disagree 1 12 1.2 1.2
MNeutral 15 18.3 18.3 195
Agree 66 80.5 805 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees that they stabilize their work

environment (81%).

Table 42: 5S - Sweeping/ Shining

55 - Sweeping/ Shining

Cumulative
Frequency FPercent Valid Percent Percent
Walid Disagree 2 24 24 24
MNeutral 17 207 207 232
Agree 63 76.8 76.8 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees that they clean their work environment
(77%).
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Table 43: 5S — Standardizing

55 - Standardising

Cumulative

Frequency Percent Valid Percent Percent
Valid Disagree 1 12 12 12
Meutral 15 18.3 183 195
Agree 66 805 805 100.0
Total 82 100.0 100.0

Inference: Majority of employees

(81%).

Table 44: 5S — Sustaining

55 - Sustaining

agrees that the work practices are standardized

Cumulative
Freguency Percent Valid Percent Percent
Valid Disagree 1 1.2 1.2 1.2
MNeutral 15 18.3 18.3 18.5
Agree GG 805 805 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees that they sustain the practice of

structuring their work environment (81%).

Table 45: Descriptive Statistics using SPSS

Descriptive Statistics
N Minimum Maximum Mean
Structuring Work
Environment 82 10 20 18.90
Valid N (listwise) 82

Inference: Table 45 shows the minimum value, maximum value and mean value

achieved for the entire five questions related to structuring work environment. This

was obtained by analysing the response of 82 employees of core shop heavy duty flow

line using SPSS.
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Table 46: Measurement of 5S

) Minimum Scale Neutral Scale | Maximum Scale
Structuring Work
] Value Value Value
Environment

5 15 25

Inference: Table 46 gives the extent of employees structuring their work
environment. On knowing the mean value from SPSS (refer Table 45) and also the
minimum scale value, neutral scale value and maximum scale value of the
questionnaire (refer Table 46), the extent of 5S can be inferred. Since all the questions
related to structuring work environment in the questionnaire were positive questions
and as the mean value is greater than the neutral scale value it can be inferred that the

core shop heavy duty flow line employees structure their work environment.

5.3.5 Existence of the Seven Wastes at Atlantis Foundries
Analysis of the Seven Wastes

A total of seven questions were formulated so as to analyse the existence of seven
wastes at the core shop heavy duty flow line. All the questions related to the existence
of seven wastes were structured in a negative manner. Among the 82 employees
interviewed, majority of the employees responded positively to the entire seven
questions. All questions related to the existence of seven wastes are analysed from
Table 47 to Table 53.

Table 47: Existence of transportation at core shop heavy duty flow line

Seven Wastes - Transportation

Cumulative
Frequency Percent Valid Percent Percemnt
Valid Disagree T2 87.8 g7.8 878
Agree g 11.0 11.0 98.8
Strongly Agree 1 1.2 12 100.0
Total 82 100.0 100.0

Inference: Majority of the employees disagrees to the existence of transportation at
core shop heavy duty flow line (88%).
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Table 48: Existence of inventory at core shop heavy duty flow line

Seven Wastes - Inventory

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 78 95.1 95.1 a5.1
MNeutral 1 1.2 1.2 96.3
Agree 3 3.7 3.7 100.0
Total 82 100.0 100.0

Inference: Majority of the employees disagrees to the existence of inventory at core

shop heavy duty flow line (95%).

Table 49: Existence of motion at core shop heavy duty flow line

Seven Wastes - Motion

Cumulative
Frequency Percent Valid Percent Percent
Valid Disagree 55 67.1 67.1 67.1
MNeutral 1 1.2 12 633
Agree 25 305 305 938
Strongly Agree 1 12 12 100.0
Total 82 100.0 100.0

Inference: Majority of the employees disagrees (67%) to the existence of motion at

core shop heavy duty flow line but a small major portion (31%) agrees to this.

Table 50: Existence of waiting at core shop heavy duty flow line

Seven Wastes - Waiting

Cumulative
Freguency Percent Valid Percent Percent
Valid Disagree 35 427 427 427
Agree 45 549 549 97 6
Strongly Agree 2 24 2.4 100.0
Total 82 100.0 100.0

Inference: Majority of the employees agrees (55%) to the existence of waiting at core

shop heavy duty flow line and only a small portion (43%) disagrees to this.
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Table 51: Existence of over processing at core shop heavy duty flow line

Seven Wastes - Over processing

Cumulative
Frequency Percent Valid Percent Percent
Valid Strongly Disagree 1 1.2 1.2 1.2
Disagree 80 97.6 97.6 98.8
MNeutral 1 1.2 1.2 100.0
Total g2 100.0 100.0

Inference: Majority of the employees disagrees to the existence of over processing at

core shop heavy duty flow line (98%).

Table 52: Existence of over production at core shop heavy duty flow line

Seven Wastes - Over production

Cumulative
Frequency Percent Valid Percent Percent
Valid Strongly Disagree 1 12 12 1.2
Disagree 76 927 Q2.7 939
Meutral 2 2.4 2.4 96.3
Agree 3 S 3.7 100.0
Total 82 100.0 100.0

Inference: Majority of the employees disagrees to the existence of over production at

core shop heavy duty flow line (93%).

Table 53: Existence of defects at core shop heavy duty flow line

Seven Wastes - Defects

Cumulative
Fregquency Percent Valid Percent Percent

Valid Strongly Disagree 1 1.2 1.2 12
Disagree 69 341 841 854
Meutral 5 6.1 6.1 91.5
Agree T3 7.3 9g8.8
Strongly Agree 1 1.2 1.2 100.0
Total 82 100.0 100.0

Inference: Majority of the employees disagrees to the existence of defects at core

shop heavy duty flow line (84%).
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Table 54: Descriptive Statistics using SPSS

Descriptive Statistics
i Minimum | Madimum Kean
Existence of ¥ Wastes Ba 14 26 16.48
Valid M (listwise} B2

Inference: Table 54 shows the minimum value, maximum value and mean value
achieved for the entire seven questions related to existence of seven wastes at core
shop heavy duty flow line. This was obtained by analysing the response of 82
employees of core shop heavy duty flow line using SPSS.

Table 55: Measurement of the Seven Wastes

Minimum Scale Neutral Scale Maximum Scale

Existence of 7 Wastes Value Value Value

7 21 35

Inference: Table 55 gives the extent of the existence of seven wastes at core shop
heavy duty flow line. On knowing the mean value from SPSS (refer Table 54) and
also the minimum scale value, neutral scale value and maximum scale value of the
questionnaire (refer Table 55), the extent of the existence of seven wastes can be
inferred. Since all the questions related to the existence of seven wastes in the
questionnaire were negative questions and as the mean value is lesser than the neutral
scale value it can be inferred that there are not much issues related to the existence of

seven wastes at core shop heavy duty flow line.

The Seven Wastes identified at Core Shop Heavy Duty Flow Line
Transportation
e Transportation for collection of timing chain insert at Machine 100.

e Transportation for collection of tie rods at Machine 100.
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e Transportation for collection of rubber air pipe at Machine 100.

e Scrap bin at Machine 120 is too far making unnecessary transportation for

operator working at Machine 120.
Inventory

e Higher amount of buffer stock of front/ rear end cores, 2 Port’s, 3 Port’s and 6
Port’s.

Waiting
e Waiting for sand at Machine 100, 120, 350, 135, 140, 150, 365 and 320.

e Waiting for fork lift truck at Machine 100, 120, 350, 150, 365, 320, assembly deck

and quality inspection gate.
e Waiting for bin during change over at Machine 120.
e Long waiting in front of Howden oven.
Motion

e Bending at Machine 150, 320, quality inspection gate, assembly deck and drilling
station.

5.4 A3 Practical Problem Solving

A3 Practical problem solving report is used in the project for analysing the
root cause of production defects, thereby reducing the increase in rework occurred in
the core shop HD flow line after a break in production.

5.4.1 Figures showing the increase in Rework Rate

Rate of rework per day was increased from 1.19% to 2.60% making an average daily
increase in rework from 4 to 9 heavy duty cores (refer Figure 14).

The figures are obtained by comparing the average values of the period
between 21% March 2012 to 17" June 2012 (period after introduction of standardised
work) and the period between 18" June 2012 to 26™ June 2012 (period after a break in
production).
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Rework Rate of Core Shop HD Flow Line
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A3 Practical problem solving report (PPS) was used for solving the problem (refer

5.4.2 A3 Practical Problem Solving Report
Figure 15).
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5.4.3 Analysis with A3 Practical Problem Solving Report (PPS)
Step 1: Initial Problem Perception

Increasing rework rate for the heavy duty cores.

Team Members

Project leader, core shop manager, core shop engineer and all general foreman of core
shop heavy duty flow line.

Step 2: Problem Identification

Figure 16 shows the rate of rework per day for heavy duty cores from 18"
June 2012 to 26™ June 2012. The rework rate is zero on 23" and 24™ June as there
was no production, as the company strategize to stop weekend production for three
months from 16™ June 2012 onwards. The period from 18" June to 26" June 2012
was chosen for analysing the increase in rework rate occurred after the break in
production. On analysis, the average rate of rework after break in production was
found to be 2.60% (indicated by red line in Figure 16) which was 0.75% higher than
the target value of 1.85% (indicated by green line in Figure 16).

Rework Rate of Core Shop HD Flow Line - 18th June 2012 to 26th June 2012
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Figure 16: Chart showing the Rework Rate of heavy duty cores from 18" June
2012 to 26™ June 2012.
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For analysing the problem further, it is necessary to find out the reasons for
rework. The major reasons for rework are:
e Loose tie rods — 471 EPA 10, 472 EPA 10
e Sand blown off on package — 471 EPA 10, 472 EPA 10
e Porosity on core — 471 EPA 10, 472 EPA 10
e Damage —471 EPA 10, 472 EPA 10
e Cracked water rail - 471 EPA 10, 472 EPA 10
e Cracked 6 Port - 471 EPA 10, 472 EPA 10
e Cracked 2 Port - 471 EPA 10, 472 EPA 10
e Cracked 3 Port - 471 EPA 10, 472 EPA 10

e Damaged bypass core — 471 EPA 10, 472 EPA 10

Since 471 EPA 10 is the major product manufactured on core shop heavy duty
flow line, reduction of rework was targeted towards 471 EPA 10. Once the major
reasons for rework of 471 EPA 10 is known, it is essential to diagnose the problem
based on the current major contributors. The current major contributors of rework
were known by collecting the rework figures based on the above reasons, followed by
plotting them on a Pareto chart (refer Figure 17).
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471 EPA 10 - Rework Pareto Chart - 18th June 2012 to 26th June 2012
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Figure 17: Pareto chart showing reasons for Rework from 18" June 2012 to 26™
June 2012.

From the Pareto in Figure 17, it is evident that cracked 6 Port is the major
reason for rework as it constitutes 67% of the total rework occurred to 471 EPA 10.
Knowing this, it’s necessary to diagnose the problem based on grid reference for
identifying the exact point of occurrence. Rework figures of cracked 6 Port was thus

collected based on grid reference and was drawn on a Pareto chart (refer Figure 18).
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471 EPA 10 - Cracked & Port Grid - 18th June 2012 to 26th June 2012
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Figure 18: Pareto chart indicating Cracked 6 Port Grid Reference

From the Pareto in Figure 18, it is evident that grid reference FF112, DD115,
DD113 and FF117 are the major areas where 6 Port is being cracked as these four

constitute 83% of the total rework caused by 6 Port.

For analysing the problem at grid reference FF112, DD115, DD113 and
FF117 different PPS must be used as point of cause of the problem varies with grids.
Here the point of cause of cracked 6 Port at grid reference FF112 and FF117 were
found same. Therefore FF112 and FF117 were solved together on a PPS. Hence, the
prioritized problem is 471 EPA 10 cracked 6 Port at grid reference FF112 & FF117
(refer Figure 20).

For locating the grids, grid reference is shown in Figure 19.

71



0T Vd3 T.¥ JO 8dUaI9)9y PO 6T 84nbi

ENINI] TUSH-SSpaIISN JO ISJUST JINPOLY ¥ — FECEEN g g e, 0N 00
SARIANNG Il == b e
. 1| 11 _ 0Lt |_|u= BIT | L11] 910 | STT| #I1 | &rT| TIT| TIT | OTII| GOT | SOT | L0l | 0T | &01 | wOI 0T | TOT | I .
g3 T
i

w0l W

" 3 = i

[ e "

HH aNa ¥v3y FIV4 JINNS HH

4 B9

e . . 4

=3 ..__. 3

(i = _ oa

oo [ o5 00

== - 1) =

¥y QN3 LNOH4d ovHd 3402 ¥y
. L | IZT ) o1 | &1T| BIT | LTIT ] 90| SIT | #1T EIT | ZEiT| EXI | oIl | o0l | ®OT | L0T| o1 | S01 | #O1 | EO1T ) Tong %61 .

72



FF112 FF117

Figure 20: Location of Grid Reference FF112 & FF117 on 6 Port.

Prioritised Problem: 471 EPA 10 cracked 6 Port at grid reference FF112 & FF117.
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Step 3: Locate the Point of Cause
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Figure 21: Point of Cause

Figure 21 indicates the flow of 6 Port from Machine 150 to the quality
inspection gate. 6 Port’s manufactured at Machine 150 are stored at the super market,
before arrival at the 6 Port assembly station. 6 Port assembly station, assembles 6 Port
to the semi-finished heavy duty core coming through the heavy duty flow line. 2 & 3
Port assembly station assembles 2 Port and 3 Port respectively and water rail
assembly station assembles water rail to the semi-finished heavy duty core. At the
oven dip station the heavy duty core is dipped in paint and is transported into the oven
for baking. The baked heavy duty core is taken off from the oven at the oven take off
station and it moves to the drilling station where the core is drilled to allow gases to
escape. The drilled heavy duty core then moves to the quality inspection gate where
the quality of heavy duty core is inspected before transporting to the moulding line.

471 EPA 10 cracked 6 Port at grid reference FF112 & FF117 was first
detected at quality inspection gate. Therefore, the point of detection (indicated by red

coloured cross in Figure 21) was quality inspection gate. For locating the point of
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cause, check sheets were provided to operators at all stations starting from back to

front (from drilling station till Machine 150). On analysis of check sheets, cracked 6

Port was detected from drilling station till Machine 150 (indicated by red coloured

cross in Figure 21) and the point of cause was Machine 150, the 6 Port manufacturing

machine. Therefore, the point of cause was due to Machine 150 (refer Figure 22) at
grid reference FF112 and FF117.

Point of Cause: Machine 150 at grid reference FF112 and FF117.

Table 56: Containment action plan

Containment Action Plan | Serial/ Part# Who When Status
Adjust upper bars and ..
lower ejectors sriepato | Sl 57060012 | ACHIVILY
. Foreman effective
(refer Figure 23 and 24)
Lubricating top_and bottom Gendd) Activit
of tooling 471 EPAL0 eneral 1 27/06/2012 | VI
. Foreman effective
(refer Figure 26 and 27)
Introducing lifting hook General Activity
(refer Figure 28) 471 EPAIQ Foreman 27/06/2012 effective
Tool change dowl and fork General Activity
(refer Figure 29 and 30) 471 BOALD Foreman 27/06/2012 effective
Cent percent inspection of 471 EPAL0 Core Shop 97/06/2012 Activity
stock Engineer effective
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Figure 23: Upper Bars in Machine 150 Figure 24: Lower Ejectors
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Figure 27: Lubricating Bottom of Tooling Figure 28: Lifting Hook holding 6 Port

Figure 29: Dowl inside Machine 150 Figure 30: Fork

77



Figure 31: Fork holding 6 Port Figure 32: Stripping Mechanism

Step 4: Goal Setting

From the Pareto chart in step 2 (refer Figure 18), it is clear that rework at grid
reference FF112 and FF117 constitutes 50% (15 reworks out of total 30 reworks) of
the total reworks due to cracked 6 Port. Therefore, if rework at FF112 and FF117 are
eliminated, it reduces the rework due to cracked 6 Port by 33.5% thereby reducing the
total rework of heavy duty cores from 2.6% to 1.73% which is 0.12% lesser than the
target value of 1.85%.

Step 5: Cause & Effect and Root Cause Investigation

[ Man | | Machine | | Method |

PP +POC

Material | | MainkEenance | | Environment I

Cause Investigation
N  Direct Cause
Ly Poential Direct Cause

Figure 33: Fishbone diagram @  Ok- MNotrelsied b this probem
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In the fish bone diagram in Figure 33, Prioritised Problem (PP) at the Point of
Cause (POC) is cracked 6 Port at Machine 150, grid reference FF112 and FF117.
Therefore PP + POC refer to cracked 6 Port at grid reference FF112 & FF117 +
Machine 150 at grid reference FF112 and FF117.

In order to solve the prioritised problem at the point of cause (PP + POC),
factors related to man, machine, method, material, maintenance and environment were
brainstormed. Each of the factors brainstormed were investigated based on the three
cause investigation parameters; direct cause, potential direct cause and not related to
this problem. The factors brainstormed and investigation results are discussed below.

Man

e Handling 6 Port — Not related to this problem

e Pick up from machine - Not related to this problem

e Training — Not related to this problem

Machine

e Hard pieces in blow hood - Not related to this problem

e Stripping mechanism (refers to opening and closing of tooling, refer Figure 32) -

Potential direct cause
e Ejection - Direct cause
e Settings - Not related to this problem
e Lubrication - Potential direct cause
e Porosity - Not related to this problem
e Fork speed - Potential direct cause
e Dowl - Potential direct cause
Method
e Tooling clean - Not related to this problem

e Transportation - Not related to this problem
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Material

e Bench life of sand - Not related to this problem

e Viscosity of resin mix - Not related to this problem
Maintenance

e Deep cleaning of tooling - Not related to this problem
e Diaphragms - Not related to this problem

e Total productive maintenance - Potential direct cause
e Blow chamber - Not related to this problem
Environment

e Climate, seasonal change - Not related to this problem

Cause Investigation

Among the factors investigated, those factors which were found as potential direct

cause and direct cause were taken for cause investigation.

For cause investigation, the team visually inspected each of the factors. After
visual inspection, each factors were further analysed based on the three cause
investigation parameters; direct cause, potential direct cause and not related to this
problem. Further analysis of the factors and results are shown in Table 57.

Table 57: Cause investigation

Item Investigation Method Result
Stripping mechanism ) . S

(refer Figure 32) Visually inspected Potential direct cause

Ejection (refer Figure 24, 25) Visually inspected Direct cause
Lubrication (refer Figure 26) Visually inspected Potential direct cause
Fork speed (refer Figure 31) Visually inspected Potential direct cause
Dowl (refer Figure 29) Visually inspected Potential direct cause
Total productive maintenance Visually inspected Potential direct cause
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From Table 57, it’s clear that after visual inspection, ejection was identified as the

direct cause.

Direct Cause: Top ejection of Machine 150.

5 Why Investigation

Problem: Top ejection of Machine 150.

Why? Upper bar setting is incorrect.

Because: Bushes are worn.

Why? Bushes are worn.

Because: There is no frequent checking or maintenance method.
Why? There is no frequent checking or maintenance method.
Because: There is no standardised process.

Why? There is no standardised process.

Because: It is not included in TPM activities.

Why? It is not included in TPM activities.

Because: Problem never occurred when TPM documentation was formulated.

Root Cause: No Total Productive Maintenance (TPM) Check in place.

Table 58: Step 6: Countermeasure Action Plan

Countermeasure Action Plan | Serial/ Part# Who When Status
Upper bar setting to be checked Core Shop Activity
471 EPA 10 05/07/12 )
after every change over Manager effective
o Core Shop Activity
Add check to TPM activities 471 EPA 10 09/07/12 ]
Manager effective
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Step 7: Follow-Up and Check Results

After the containment and countermeasure action plans, rate of rework per day was
reduced from 2.60% to 1.15% making an average daily reduction in rework from 9 to
4 heavy duty cores (refer Figure 34).

The figures are obtained by comparing the average values of the period
between 18" June 2012 to 26™ June 2012 (problem identification period) and the
period between 27" June 2012 to 15™ July 2012 (problem solving period).
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Figure 34: Chart showing the reduction in Rework Rate from 18" June 2012 to
15" July 2012.

82



Rework Rate of Core Shop HD Flow Line - 27th June 2012 to 15th July 2012
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Figure 35: Chart showing the Rework rate of core shop heavy duty cores from
27" June to 15" July 2012.

Figure 35 shows the rate of rework per day for heavy duty cores from 27"
June 2012 to 15" July 2012. On analysis, the average rate of rework from 27" June to
15™ July was found to be 1.15% (indicated by orange line in Figure 35) which was
0.70% lesser than the target value of 1.85% (indicated by green line in Figure 35).

Step 8: Standardise and Share Success

Checking of upper bar setting after every change over was included in change over
procedures. Moreover, check was also included into TPM activities. Thereby, the
process was standardised.

The problem solved with PPS was shared with other departments within the
company.
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5.5 Summary of the results

The introduction of standardized work with the generation of standard work
instruction, job element sheet, skills training matrix and layered process audits help to
reduce scrap rate, reduce rework rate and to increase production (refer Table 59). The
scrap rate per day was reduced from 1.04% to 0.67% making an average daily
reduction in scrap from 4 to 2 heavy duty cores (refer Figure 12) and the rework rate
per day was reduced from 2.07% to 1.19% making an average daily reduction in
rework from 8 to 4 heavy duty cores (refer Figure 13). Average weekday production
of heavy duty cores were increased from 1981 to 2130 making an average daily
increase in production from 396 to 426 cores. Operating shifts required per week for
meeting the required weekly target was reduced from 21 to 20 shifts.

Table 59: Core shop figures after the introduction of standardized work

Before After
Target | introduction of | introduction of
Name Inference
value standardised standardised
work work
Scrap rate in core Reduction in
0.9% 1.04% 0.67%
shop per day scrap rate
Rework rate in Reduction in
1.85% 2.07% 1.19%
core shop per day rework rate
Cores produced in Increase in
550 396 426
core shop per day production
Shifts required per Reduction in
15 21 20
week working shifts

During the introduction of standardised work, transportation waste was
identified at Machine 120, the water rail manufacturing machine. Therefore, layout of

84




Machine 120 was modified and thereby transportation waste was reduced.
Transportation waste was identified at Machine 150, the 6 Port manufacturing
machine. Hence trolley concept was introduced at Machine 150 and manufactured 6
Port’s were transported to 6 Port assembly station by means of fork lift trucks, thereby

reducing unwanted movement of 6 Port station operator.

As acceptance and rejection of standardised work by employees is a major
area of concern, it was essential to diagnose the employee behaviour. 17 questions
were formulated on questionnaire for the analysis of employee behaviour. On
analysis, it was known that employees were satisfied with the introduction of
standardised work (refer Table 25). Moreover, the 17 questions were analysed
separately for specific results. Majority of the employees responded that they
participated in the introduction of standardized work (refer Table 9) and they know
the need of introducing lean techniques in the company (refer Table 10). The
employees admit that standard work instructions were developed in consultation with
them (refer Table 11) and they prefer to work based on standard work instruction over
their previous instructions (refer Table 15). The employees were trained to work
based on standard work instruction (refer Table 12) and were satisfied with the
training procedure (refer Table 13). Standard work instruction made work easier for
employees (refer Table 14); they were able to complete operations within takt time as
displayed in standard work instruction (refer Table 16) and they were satisfied with
the introduction of standard work instruction (refer Table 17). Job element sheet
helped employees in the implementation of standard work instruction (refer Table 18)
as it provided the significance of each work element (refer Table 19). The employees
were satisfied with the job element sheet (refer Table 20). The employees admit that
there commitment to the company increased with the introduction of standardized
work and lean techniques (refer Table 24).

Personal development and training development of employees with the
introduction of standardized work were analysed by means of 12 questions (10 closed
questions and 2 open questions) on questionnaire. On analysis, it was known that the
introduction of standardised work helped in the personal development of employees
and employees were trained to work on more stations. Moreover, the 12 questions
were analysed separately for specific results. Majority of the employees responded
that the introduction of standardized work provided way for their personal growth and
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development in the company (refer Table 28) and for the growth and development of
their technical skills (refer Table 29). The employees like to work on more than one
station (refer Table 30) and were given training to work on more than one station
(refer Table 31). The employees were trained to work on two or more stations (refer
Table 33) and a major portion of them were trained to work on five or more stations
(refer Table 34). Majority of the employees are able to train other/ new employees to
work on two or more stations (refer Table 35) and a considerable portion are able to
train employees to work on five or more stations (refer Table 36). The employees
admit that there training procedures have improved with the introduction of
standardized work and are satisfied with the generation of skills training matrix (refer
Table 37).

Two open questions were used to analyse the positives and negatives of
employees with the introduction of standardized work. Employees do not provided
any negatives for the introduction of standardised work. Employees admit that
standard work instruction made work easier, faster and more productive. Standard
work instruction is easy to understand; it increased product quality and simplified
work. Moreover, the employees admit that there is better work flow and takt time with

the introduction of standard work instructions.

Structuring of work environment (5S) by employees were analysed by means
of five questions on questionnaire. On analysis, it was known that the employees
structure their work environment. Moreover, the five questions were analysed
separately for specific results. Majority of employees responded that they sort (refer
Table 40), stabilize (refer Table 41) and clean (refer Table 42) their work
environment. The work practices are standardized (refer Table 43) and the employees

sustain the practice of structuring the work environment (refer Table 44).

Existence of the seven wastes were analysed by means of seven questions on
questionnaire. On analysis, it was known that the existence of seven wastes were less.
Even though, the existences of the seven wastes were less, wastes were identified at
stations. Transportation with respect to timing chain insert, rubber air pipe and tie
rods were identified at Machine 100. Existence of buffer stock with respect to end
core, 2 Port, 3 Port and 6 Port were identified. Waiting for sand was identified at
Machine 100, 120, 350, 135, 140, 150, 365 and 320. Moreover, waiting for fork lift
trucks was identified at Machine 100, 120, 350, 150, 365, 320, assembly deck and
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quality inspection gate. Excessive bending of operators was identified at Machine
150, 320, quality inspection gate, assembly deck and drilling station.

Rate of rework of heavy duty cores increased after a break in production. On
analysis, the average rate of rework was found to be 2.60% which was 0.75% higher
than the target value of 1.85% (refer Figure 14). A3 Practical problem solving report
(PPS) was used for reducing the increase in rework rate (refer Figure 15). From the
analysis, based on the reasons for rework on Pareto chart, it was known that 471 EPA
10 cracked 6 Port was the major reason for rework (refer Figure 17). On further
analysis, it was found that grid reference FF112 and FF117 are the areas where the 6
Port is cracked (refer Figure 18). For locating the point of cause, check sheets were
provided to operators at all 6 Port flowing stations starting from the 6 Port
manufacturing machine. It was found that the point of cause was at Machine 150, 471
EPA 10 grid reference FF112 and FF117 (refer Figure 19).

On locating the point of cause, containment actions like adjusting upper bars
(refer Figure 23) and lower ejectors (refer Figure 24), lubricating top and bottom of
tooling (refer Figure 26, 27), introducing lifting hook (refer Figure 28), tool change
dowl (refer Figure 29) and fork (refer Figure 30) and cent percent inspection of stock
were taken. After goal setting, factors related to man, machine, method, material,
maintenance and environment were brainstormed and were investigated based on the
three cause investigation parameters; direct cause, potential direct cause and not
related to this problem. After investigation, top ejection of Machine 150 was found as
the direct cause for cracked 6 Port at grid reference FF112 and FF117 at Machine 150.
Five why investigation was done for locating the root cause of the problem. It was
found that top ejection of Machine 150 was due to incorrect upper bar setting which
was due to worn bushes of Machine 150. Moreover, there were no frequent checks for
worn bushes as it was not included in TPM activities because the problem never
occurred when TPM documentation was formulated. Therefore the root cause of the
problem was found to be no total productive maintenance (TPM) check in place. As
the root cause of the problem was identified, the checks for worn bushes of Machine
150 were included in change over procedures and total productive maintenance
activities. After the countermeasure action plan, the average rate of rework was found
to be 1.15% which was 0.70% lesser than the target value of 1.85% (refer Figure 34).
The problem solved with PPS was shared with other departments within the company.
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CHAPTER SIX

CONCLUSION

The research carries evidences that the introduction of standardized work
helped to reduce scrap rate, reduce rework rate and to increase production. The
employees were satisfied with the introduction of standardised work and the lean tools
helped in the personal and training development of employees. Analysis of 5S led to
the conclusion that the employees structure their work environment. The existence of
the seven wastes at the core shop heavy duty flow line was found lesser. Root cause
analysis of increased rework rate of heavy duty cores led to the conclusion that higher
rework rate was due to the absence of TPM checks for worn bushes at Machine 150.
Hence, the checks for worn bushes of Machine 150 were included in change over

procedures and total productive maintenance activities.

The research suggests that lean tools like standard work instruction, job
element sheet, skills training matrix and layered process audits need to be introduced
at each department of the company as this result in reduced rework rate, reduced scrap
rate and increased production. Standard work instructions need to be introduced for
changeover as well as for total productive maintenance checks. Moreover, TPM

checks must be done regularly at all stations of core shop heavy duty flow line.

Due to increased customer expectations and severe global competition, the
automotive component manufacturing companies are desperately trying to improve
productivity at lower cost and still retain excellent product and service quality. Under
these circumstances, the implementation of lean principles improves the production
environment with moderate investment. This research carries evidence of genuine
advantages when applying lean principles to the manufacturing shop floor.
Furthermore, the benefits of lean are evident from the reduced scrap rate, reduced

rework rate and improved production output.
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CHAPTER SEVEN

OUTLOOK

Lean tools like standard work instruction, job element sheet, skills training
matrix and layered process audits need to be introduced at each department of the
company as this results in reduced rework rate, reduced scrap rate and increased
production.

Standard work instructions need to be introduced for changeover’s as well as
for total productive maintenance checks, as the current operating procedures are not
standardised. TPM checks must be done regularly at all stations of the core shop
heavy duty flow line.

Fork lift trucks are currently used to transport core parts to assembly stations.
Hence, operator’s waiting for fork lift truck is identified at majority of the stations.
Therefore, fork lift trucks need to be replaced by conveyers, thereby; waiting for fork
lift trucks can be eliminated.

Sand drier currently used is only capable of drying 10 tonnes of sand in an
hour but the actual requirement of sand is 12 tonnes per hour. Therefore, the sand
drier need to be replaced by an efficient drier capable of meeting demand and thus

waiting for sand can be eliminated.

Existence of higher amount of buffer stock of front/ rear end cores, 2 Port’s, 3
Port’s and 6 Port’s must be reduced as this is a major inventory waste. Transportation
waste at Machine 100 with respect to timing chain insert, rubber air pipe and tie rods
must be eliminated. Current Howden oven must be replaced by a small and efficient

oven. Thereby excessive waiting in front of oven can also be reduced.
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A.1 Questionnaire for analysis of employee

development, 5S and the seven wastes
ATLANTIS

Il uNoRies

A Product Center of Mercedes-Benz Trucks

behaviour, personal and training

TOS - Truck Operating System

ANALYSIS OF EMPLOYEE BEHAVIOUR, PERSONAL AND TRAINING
DEVELOPMENT, 58S AND THE SEVEN WASTES

Biographical Information

| Gender | Male | Female |
‘ Age ‘ Below 25y1s ‘ 25 -35yrs ‘ 36- 50yrs ‘ above 50yrs |
| Educational qualification | Below Matric | Matric | Diploma | B.Sc. | M.Sc. | PhD. |
Designation Operator ?)epr:roal:uor E::g;r Sj:;;?n Engineer | Manager i/?:éi;er
;ej;%lt:n ti:fF(ﬁlnl:Elr(i)Zsment 0-2yrs | 3-5yrs 6-10yrs 11-15yrs 16-20yrs Above 20yrs
\ Machine/ Station operator currently operating | |
[ Date | | [CurrentShit [A B  C[M A N |
A} Lean Tools and Employee Behavior
Strongly | Disagree | Neutral | Agree | Strongly
Disagree Agree

1) I understand what is meant by lean and
participated actively in its implementation

2) | understand the need to implement lean
techniques in the foundry

3) Standard Work Instruction was developed
together with employees

4) | was being trained to work on the basis
of Standard Work Instruction

5) I am satisfied with the training procedure

6) Standard work instruction made my work
easier

7) I would prefer to work based on standard
work instruction over previous instructions

8) | am able to complete my operation
within takt time as displayed in SWI

If not, reasons for not being able to
complete operations within takt time
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9) Overall I am satisfied with the new
procedure

10) Job element sheet helped in
implementation of standard work
instruction

11) Job element sheet provided the
significance of each work element

12) 1 am satisfied with the information
provided in Job Element sheet

13) 5 Cycle Check Observation form help in
the validation of standardized work

14) 5 Cycle Check Observation form helps to
convey my concern related to work
sequence, safety, quality, equipment/ tools
and workplace design to my supervisor

15) I am satisfied with the implementation
of 5 cycle check observation form

16) My commitment to the organization
increased with lean implementation

17) Overall, | am satisfied with the changes
and lean implementation

B) Personal and Training Development

18) Lean implementation provided way for
my personal growth and development in
company

19) Lean implementation provided way to

growth and development of my technical
skills

20) | would like to work on more than one
station

21) | was given training to work on more
than one station

22) After training | am able to work on new
station without assistance

23) | am trained to work on 2 or more
stations

24) | am trained to work on 5 or more
stations

25) | am able to train other employees to
work on 2 or more stations

26) 1 am able to train other employees to
work on 5 or more stations

27) Overall | am satisfied with the
implementation of training matrix

28) My positives from lean implementation and standardized work
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29) My negatives from lean implementation and standardized work

C) Methodologies to Structure Work Environment

a) Sorting

b) Stabilizing/ Straightening out

c) Sweeping/ Shining

d) Standardizing

e) Sustaining

D) Existence of 7 Wastes at Atlantis Foundries

a) Transportation

Example

b) Inventory

Example

c¢) Motion

Example

d) Waiting

Example

e) Over processing

Example

f) Over production

Example

g) Defects

Example

Your feedback is appreciated. Thank you
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B.1 Standard Work Instruction of Machine 100

ATLANTIS ¥ i . _5‘ ===
BN &SANNREE Standard Work Instruction (SWI) Rear End Core - Core Making =
A Pradunt Cantar Af MarasdasBany Trooks (FOI’I’V‘I 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis . SWI-CS-030-
. Core Sho 14111 HD Line - Mc.100 4711472 1.62 07/03/'12 1/1
Foundries P 471/472-001
Job Element . . Symbol & 100% Times [sec] | s _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
. Cleaning the End Core with a Steel Plate and remove all ejector
1 |[Cleaning the End Core marks on top of the Core (Q - Pic.i) 4711472 6 X
. . Dressing the side of the End Core starting @ 3o'clock moving
2 [Dressing the Sides E/C clockwise around the core & end @ starting point 471/ ar2 18 X
3 Off Loading of E/C from Take the crane & open fixture & hooks in the core, close fixture, 4711472 13 M
conveyor of Mc. lift crane.
4 |Push Button Push the start button to let the conveyor go in. 4711472
5 |off Loading of E/C zlgrvee the Jig towards the Off loading pallets to stack the End 4711472 21 X
6 |Set Core Set the Core on pallet, Open Jig & Remove the Jig from the Core. 4711472 X
7 |Fix insert into E/C Fix the Insert Core into the headbank of the Rear End Core 4711472 4 X
8 :_TOS:: Tie Rods & Rubber Insert the Tie Rod and the Rubber Hose between the End Cores 4711472 21 X
9 |waiting Step back and wait for machine to complete the cycle 4711472 X
10
11 |Cleaning Schedule
1211 Stop Machine after every 20 Blows 4711472
1312 Insert safety bars onto machine. 471/ 472
14 |3 Clean Joint Lines of the Core Box 4711472
1514 Opens vents where needed 4711472
1615 Clean Core Box with a Copper Plate 471472
1716 Apply Redwax Crayon if needed 4711472
1817 Apply Release agent. 4711472
1917 Remove the Safety Bars from the Machine 4711472
2018 Restart Machine 4711472 Important
Tools Used,
2119 Book into Shopware 4711472 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxtij’\c:ri:':?: e E ﬁiaf;th-
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V005 Foreman (C Shift): Teamleader (C Shift):
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B.2 Standard Work Instruction of Machine 120

AN RS Standard Work Instruction (SWI) i i :
FOUNDRIES - =l
A Pradunt Cantar Af MarasdasBany Trooks (FO[ITI 022 Issue A 13/02/2012) Water Ral I CO re Makl n g TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis . SWI-CS-030-
. Core Sho 14111 HD Line - Mc.120 4711472 1.62 16/03/'12 1/1
Foundries P 471/472-004
Job Element . . Symbol & 100% Times [sec] | L _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 Remove ejector marks of [Dress the core with a Filter and remove all the ejector marks on 4711472 15
1st WIR top of the first Water Rail core X REPEAT STEPS 1 Mc. 120
2 Remove ejector marks of |Dress the core with a Filter and remove all the ejector marks on 471 472 16 TO 7 FOR THE
2st W/IR top of the second Water Rail core X 2nd WATER RAIL
3 |Blow off sand Take the Airgun and blow off all loose sand on the Water Rail 4711472 6 M
Core.
4 |Flip W/Rail once 180° Flip the Water Rail Core once at 180° (See H - Pic. i) 4711472 4 X
5 |Lift W/R from Fetcher Lift the Core from the fetcher to take to Pallet 471/ 472 2 X
. Take the Water Rail Core to pallet and stack it
6 |Stacking on Pallets (See H-pic ii) 471/ 472 5 X
7 |Flip W/Rail once 180° Flip the Water Rail Core once at 180° (See H - Pic. i) 4711472 4 X
8 |Lift W/R from Fetcher Lift the Core from the fetcher to take to Pallet 4711472 2 X M =
. Take the Water Rail Core to pallet and stack it
9 |Stacking on Pallets (See H-Pic if) 4711472 5 X
10 |waiting Step back and wait for machine to complete the cycle 4711472 X (53 "
b
11
T B ] | [l
12 Off Load Pallet 1 Off Load Pallet 2
13 |Quality Every 32 Blow 1. Stop Machine 471/ 472
14 1. Clean Joint Lines of the Core Box 4711472
15 2. Opens vents where needed 4711472
16 3. Clean Core Box with a Copper Plate 4711472
17 4. Apply Redwax Crayon if needed 4711472
18 5. Apply Release agent. 4711472
19 6. Restart Machine 471/ 472
20 7. Book into Shopware 471/ 472 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxtij’\c:ri:':?: i E ﬁiaf;tznt_
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift): Teamleader (B Shift):

V006

Foreman (C Shift): [Teamleader (C Shift):
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B.3 Standard Work Instruction of Machine 350

ATLANTIS = I . :
....,,“I“ FOUNDRIES Standard Work Instruction (SWI) Front End Core - Core Making [
unt Cantar af Marnsadss-Rans Trooks (Form 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis . SWI-CS-030-
. Core Sho 14111 HD Line - Mc.350 4711472 1.62 07/03/'12 1/1
Foundries P 471.472-003
Job Element . . Symbol & 100% Times [sec] | o _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
Take the crane & open fixture & hook the first end core, close I_—l
1 |Remove End Core No.1 fixture, lift crane & move core to pallet to be stacked 4711472 25 X Machine 350
Take the crane & open fixture & hook the second end core, close REPEAT
2 [Remove End Core No.2 fixture, lift crane & move core to pallet to be stacked 471l an2 27 X STEP1&2
3 |mnsert Tie Rod Insert the Tie Rod into End Cores after each 8 has been stacked 4711472 13 M
onto pallet
4 |Wwaiting Step back and wait for the machine to complete cycle. 4711472 X
5
6
7 |Cleaning Cycle Clean the Machine after every 40th blow
8 |1 Push the emergency stop button @ the Machine 4711472
9 |2 Open the Safety Gate . 4711472
1013 Insert the safety bars onto the machine 4711472
1114 Clean the Joint Lines of the Core Box. 4711472
1216 Clean the resin built up with a Copper Plate. 4711472
1316 Open the vents with vent cleaner where needed. 471472
14 |7 Apply Red Wax Crayon were needed. 4711472
1518 Apply Release agent @ Core Box. 4711472
1619 Remove the Safety Bars from the Machine 471472
17 |9 Close the Safety Gate. 4711472
18|10 Restart the Machine 471/ 472
19|11 Book into Shopware 4711472
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt:j’\c:ri:':?: i E ﬁiaffntht-
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift): Teamleader (B Shift):

V008

Foreman (C Shift): [Teamleader (C Shift):
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B.4 Standard Work Instruction of Machine 135 Operator A

ATLANTIS = H . . :
M ASASRRES Standard Work Instruction (SWI) Operator (cleaning) @ machine 135 =
unt Cantar af Marnsadss-Rans Trooks (FOI’I’V‘I 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-030-
. 14111 Machine 135 4711472 1.62 08/03/'12 | Page 1/1
Foundries|  Duty 471/472-005-A 9
Job Element . . Symbol & 100% Times [sec] | S i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |[Crank Case Cleaning Clean the Crank Case (CC) with Scrapper - CC 3 4711472 8 X
2 |Crank Case Cleaning Clean the Crank Case (CC) with Scrapper - CC 2 471472 8 X
3 |Crank Case Cleaning Clean the Crank Case (CC) with Scrapper - CC 1 4711472 8 X
. Remove the Core Flash with a Wire Rod on the Right Hand side
4 |Flash Cleaning of CC. No.3 (H - Pic.i) 4711472 7 X _
} Remove the Core Flash inside the hole and the Left Hand side of
5 |Flash Cleaning CC. No.2 (H - Pic.ii) 4711472 9 X o
6 |Flash Cleaning Remove Core Flash both sides of CC. No.1 4711472 14 X
7 |sand cleaning Tilke the Air Gun and blow of loose sand on Crank Cases No. 3, 2 4711472 5 M
8 |Push Button Push the operating Blue button “Photo Electric Barrier" 4711472 5 X
- - - - < Cleaning
9 |waiting Step off the Safety Mat until the Crank Case is placed in Cleaning 4711472 X Position
and Transfer Position
10
A © -
11 |Cleaning Schedule Every 30 Blow 4711472
< Pick up
1211 Stop Machine 4711472 n—. Position
®
1312 Clean the Top Plate 471/ 472
14 |3 Clean Joint Lines of the Core Box (Op A & B) 4711472
1514 Opens vents where needed 4711472
1615 Clean Core Box with a Copper Plate 471472
1716 Apply Redwax Crayon if needed (Op. A & B) 4711472
1817 Apply Release agent. (Op.A & B) 4711472
198 Restart Machine 4711472 Flash Cleaning Flash Cleaning
2019 Book into Shopware 471/ 472 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing ]
23 Equipment: ‘ ,ﬁ' _ .,
A [ .
24 Side of Wall Hole of CC
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type x |Assembly: A/B/C =Value added / Non value added but necessary / Non value addq Maxtij’\c:ri:':?: ae E ﬁiaf;tht-
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : auip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V006 Foreman (C Shift): Teamleader (C Shift):
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B.5 Standard Work Instruction of Machine 135 Operator B

ATLANTIS = H .
Ml AS NGRS Standard Work Instruction (SWI) Transfer @ machine 135 =
unt Cantar af Marnsadss-Rans Trooks (FOI’I’V‘I 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-030-
. 14111 Machine 135 4711472 1.62 23-Feb-12 | Page 1/1
Foundries |  Duty 471/472-005-B 9
Job Element . . Symbol & 100% Times [sec] | o i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Crank Case Transfer Pickup the Crankcase (CC) No. 3 & Load it on the conveyor Belt 4711472 15 X
Turn the hoist by 180° & pickup the CC No. 2, turn the hoist 180°
2 |Crank Case Transfer Wwhile moving & locate onto CC No. 3 471/ 472 16 X
3 |Crank Case Transfer Pickup the CC No. 1 & Locate onto CC No. 2 4711472 15 X
. Remove Core Flash with a Wire Rod - Left hand Side of CC. 3 and
4 |Flash Cleaning inside the Hole of CC's No. 3 arLiarn 9 4
5 |Flash Cleaning Remove Core Flash with a Wire Rod - Right hand Side of  CC. 2 4711472 7 X
6 |Flash Cleaning Remove Core Flash with a Wire Rod inside the Hole of CC. 1 4711472 3 X
7 |waiting Step gff the Safety Mat until the Crank Cases is placed in Pick up 4711472 X
Position
8 Cleaning
Position
9
10 a
11
Pick up
12 Position @
13 bt X Crank Cases No.3,
2+1
14
15
16
17
18
19 Flash Cleaning Flash Cleaning
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
>3 Equipment: ‘ Ty
A [ .
24 Side of Wall _Hole of CC
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks PR
Mark the appropriate time type x |Assembly: A/B/C =Value added / Non value added but necessary / Non value addq Maxtij’\c:ri:':?: e E ﬁiaf;tzm_
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : auip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift): Teamleader (B Shift):

V003

Foreman (C Shift): [Teamleader (C Shift):
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B.6 Standard Work Instruction of Machine 140 Operator A

ATLANTIS = H . . :
....,,“I“ FOUNDRIES Standard Work Instruction (SWI) Operator (cleaning) @ machine 140 =
unt Cantar af Marnsadss-Rans Trooks (Form 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-030-
. 14111 Machine 140 4711472 1.62 08/03/'12 | Page 1/1
Foundries |  Duty 471/472-006-A 9
Job Element . . Symbol & 100% Times [sec] | L _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |[Crank Case Cleaning Clean the Crank Case (CC) with Scrapper - CC 6 4711472 8 X
2 |Crank Case Cleaning Clean the Crank Case (CC) with Scrapper - CC 5 471472 8 X
3 |Crank Case Cleaning Clean the Crank Case (CC) with Scrapper - CC 4 4711472 8 X
. Remove the Core Flash with a Wire Rod on the Right Hand side
4 |Flash Cleaning of CC. No.6 4711472 7 X _
5 |Fiash Cleaning Remove the Core Flash inside the hole and the Left Hand side of 4711472 9 X o
CC. No.5
6 |Flash Cleaning Remove Core Flash both sides of CC. No.4 4711472 14 X
7 |sand cleaning Tilke the Air Gun and blow of loose sand on Crank Cases No. 6, 5 4711472 5 M
8 |Push Button Push the operating Blue button “Photo Electric Barrier" 4711472 4 X
_ _ _ _ Cleaning
9 |waiting Step of the Safety_ Mat until the Crank Case is placed in Cleaning 4711472 Position
and Transfer Position
10
11 |Cleaning Schedule Every 30 Blow 4711472
Cleaning
1211 Stop Machine 471 /472 Position
1312 Clean the Top Plate 471/ 472
14 |3 Clean Joint Lines of the Core Box (Op A & B) 4711472
1514 Opens vents where needed 4711472
1615 Clean Core Box with a Copper Plate 471472
1716 Apply Redwax Crayon if needed (Op. A & B) 4711472
1817 Apply Release agent. (Op.A & B) 4711472
198 Restart Machine 4711472 Flash Cleaning Flash Cleaning
2019 Book into Shopware 4711472 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
» Equipment: ‘ Ty
A [ .
24 Side of Wall _Hole of CC
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type x |Assembly: A/B/C =Value added / Non value added but necessary / Non value addq Maxtij’\c:ri:':?: i E ﬁiaf;tznt_
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date)  |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V006 Foreman (C Shift): Teamleader (C Shift):
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B.7 Standard Work Instruction of Machine 140 Operator B
ATLANTIS = H .
B 2SN RS Standard Work Instruction (SWI) Transfer @ machine 140 =
A Pradunt Cantar Af MarasdasBany Trooks (FOI’I’V‘I 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-030-
. 14111 Machine 140 4711472 1.62 23-Feb-12 | Page 1/1
Foundries |  Duty 471/472-006-B 9
Job Element . . Symbol & 100% Times [sec] | o i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Crank Case Transfer Pickup the Crankcase (CC) No. 6 & Load it on the conveyor Belt 4711472 18 X
Turn the hoist by 180° & pickup the CC No. 5, turn the hoist 180°
2 [Crank Case Transfer while moving & locate onto CC No. 6 471l a2 20 X
3 |Crank Case Transfer Pickup the CC No. 4 & Locate onto CC No. 5 4711472 18 X
. Remove Core Flash with a Wire Rod - Left hand Side of CC 6 and
4 |Flash Cleaning inside the Hole of CC 6 4711472 9 X
5 |Flash Cleaning Remove Core Flash with a Wire Rod - Right hand Side of CC.5 4711472 7 X
6 |Flash Cleaning Remove Core Flash with a Wire Rod inside the Hole of CC. 4 4711472 3 X
7 |waiting Step gff the Safety Mat until the Crank Cases is placed in Pick up 4711472 X
Position
8 Cleaning
Position
9
10
11
Pick up
12 Position
13
14
15
16
17
18
19 Flash Cleaning| Flash Cleaning
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
>3 Equipment: ‘ Ty
A [ .
24 Side of Wall _Hole of CC
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks PR
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxtij’\c:ri:':?: e E ﬁiaf;th-
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V003 Foreman (C Shift) Teamleader (C Shift):
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B.8 Standard Work Instruction of Machine 150

ATLANTIS T
FOUNDRI

Standard Work Instruction (SWI)

Mc.150 - 6 Port - Core Making

.

A Procers St of Truscio (Form (ﬁz Issue A 13/02/2012) TOE - Truck Oserating Exstem
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis . SWI-CS-030-
. Core Sho 14111 HD Line - Mc.150 4711472 1.62 07/03/'12 1/1
Foundries P 471.472-007
Job Element . . Symbol & 100% Times [sec] I S i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. i - 5 S Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Check for any Defects Check the 6 Port Core for any Cracks & porosity. 4711472 5 X
. Remove ejector marks with scrapper on top of the core and
2 [Remove ejector marks bottom from right to left, upper left and upper right. arLianz 27 X
3 |Rremove core Flash Rgmove C/Flagh wnh-a scrapper from left tq right (JES) finish 4711472 5 M
with last cleaning swipe @ top from left to right.
4 |Open 5 middle holes Open the 5 middle holes with a wire rod from left to right. 4711472 6 X
5 |Blow off loose sand Take an Airgun to blow off all loose sand from core 4711472 7 X
6 |Off Load 6 Port Core Take off 6 Port Core & putitin into Container from left to right. 4711472 16 X
7 |Waiting for Machine \Waiting for the machine to complete the cycle 4711472
8
9 |[Cleaning of Core Box.
101 Stop the Machine every 28 Blows 4711472 1 X
1112 Clean the Joint Lines of the corebox 4711472 30 X
1213 Remove resin built up where needed with a copper plate. 471472 43 X
1314 Apply wax crayon where needed 4711472 14 X
14 |5 Apply release agent. 4711472 24 X
1516 Restart Machine 4711472
1617 Book into Shopware 471/ 472
17
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks Max / Min-Time due Safet
IMark the appropriate time type Assembly: A/B/C =Value added / Non value added but necessary / Non value addq p— Equi mZnt'
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Walk time ) quip )

Created by (Nime & Date)

Production Ageroval SName, Date)
Foreman (A Shift):

Teamleader (A Shift):

\Version-No. (V47-AF)

Foreman (B Shift):

Teamleader (B Shift):

V004

Foreman (C Shift):

[Teamleader (C Shift):

Enqmeeenng Ageroval SName, Date!

Reference Material
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B.9 Standard Work Instruction of Machine 365

ATLANTIS = i . . -‘ =
B 2SN RS Standard Work Instruction (SWI) Timing Insert & 2 Port =
A Pradunt Cantar Af MarasdasBany Trooks (Form 022 Issue A 13/0£012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWiI-No. Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-030-
. 14111 Machine 365 4711472 1.62 06/03/'12 | Page 1/1
Foundries| Duty 471/472-009 9
Job Element . . Symbol & 100% Times [sec] | s _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |[Pick up Core Pick up the Timing Insert & 2 Port from the Machine 4711472 13 X
2 |Place Core Place the Timing Insert & 2 Port on the Table 471472 2 X a e 36
3 |Blow off core box Blow off core box by using the Airgun 4711472 7 X
% %
4 |Clean Core Clean the 2 Port with a Scrapper 4711472 12 X Satolets? L3 2%
CRRRL % X
5 |Open Holes Ensure the screw location holes are open with wire. 4711472 9 X o3s S350 &%
6 |Clean Core Clean the Timing insert with a Scrapper 4711472 1 X =
7 |Store core Place the 2 Port on a Clean Storage Pallet (H - Pic.ii) 4711472 3 X g POEE 2456 2R
8
8 |insert Core Place the Timing Insert in a Tray (H - Pic.i) 4711472 1 X ? - ) 3 :
9 [|waiting Step back and wait till machine provides cores for pick up 471472 X RN \ SRR
L NRRNS RN RRNRRBNRRAIRNRR
10 X X X 7
statitetetetety F
. . <% 2 Port Off [} 2 Port Off
11 |Cleaning Schedule 4711472 s Load Pallet Load Pallet
121 Stop Machine after every 42 Blows 471/ 472
1312 Clean Joint Lines of the Core Box 471/ 472
14 |3 Opens vents where needed 4711472 ' ! o
A A A
1514 Clean Core Box with a Copper Plate 4711472 2L TR N
1615 Apply Redwax Crayon if needed 4711472 "JTIy
" ¥
1716 Apply Release agent. 4711472 —
1817 Restart Machine 4711472 Picture i Picture i
1918 Book into Shopware 4711472
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt::’\c:ri::?: e E ﬁiaffntzm_
with "X": u/lachining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V006 Foreman (C Shift): Teamleader (C Shift):
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B.10 Standard Work Instruction of Machine 320 Operator A

ATLANTIS T
FOUNDRIES

Standard Work Instruction (SWI)

(Form 022 Issue A 13/02/2012)

Cleaning of Bypass & 3 Ports (A)

05 - Truck Operating System

A Product Cansar af Marcadas Banr Trucls L
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heav . R \
. y 14111 Machine 320 4711472 1.62 £S-030-471/472-] 06/03/'12 | Page 1/1
Foundries Duty
No eblElenent Details to Job Element Variants Syl & HO0gbuTimesilsec] Layout / Spaghetti Diagram (descriptions / pictures optional)
" |("Verb - Object ") JES-No. ol | A 5 ) pag g p p P
1 [Pick up core Pick up the Bypass Core from the Machine (H - Pic.i) 4711472 1 X
2 |ciean core (RQer_nsi\(l:ei)all ejector marks from the Bypass Core with a scrapper. 4711472 13 X
3 |clean core SRCerrzg’\)/grall Core Flash from the Bypass Core by using a 4711472 3 X Machine 320
4 |Place Core Place the Bypass Core on the Conveyor Belt 4711472 3 X @'-
j i T 5 R Ao ; R Y
5 |Clean Core Remove all ejector marks from the 3 Port Core with a scrapper. 4711472 7 X E,:?%?ﬁ: \ og::;srg!t 1 - "%ﬁwﬁg’a ;
A@&éa ‘#"l 3&%& %5 3@#@5&&&‘
6 |Clean Core Remove all Core Flash from the 3 Port by using a scrapper. 471/ 472 g: "’E"::‘ X — s20lels .:?‘:::’ X ':‘"”::93.«
7 |Pick up Core Pick up the 3 Port Core from the Machine 4711472 1 X 9@:‘3‘:’3&‘“&&’:‘ s é‘
Bl oA A XN SRS
Ee ]
Ensure screw location holes are open (use wire rod when "-:4.5.".0.'.0..'.-:“2'.:20!0.@9.1 RN e)
8 |Open Holes 4721472 5 X z;.'.g.- RN KRN TS '“.'&:o?o =
necessary) yb:t.%::&:o .o% < :‘::‘ SRR o::&“ S g
- Pic.ii 0% ‘%:o ooﬁﬁ“‘ 20K 4
9 |Set 3 Port Place the 3 Port on the Conveyor Belt (H - Pic.ii) 471472 3 X 5:,'.:::.%::”,.&‘:::‘ .;’..::3 %:‘ .:::
10 |Blow Off Sand Blow off the Cores with Airgun 4711472 3 X -t::og.s.oég.o R X8 :g
11 |waiting Wait on Machine to finish the next cycle 4711472 X @é:gj:x‘:gg; oo
12
13 |Cleaning Schedule Every 48 Blows 471/ 472
1 Stop Machi 4711472 Bypass Core
14 op Machine 3Port  Off 3Port  Off
15|11 Clean Joint Lines of the Core Box 4711472 Load Pallet Load Pallet
16 |2 Opens vents where needed 4711472
1713 Clean Core Box with a Copper Plate 4711472
1814 Apply Redwax Crayon if needed 4711472
1915 Apply Release agent. 4711472
2016 Restart Machine 471/ 472 Important
Tools Used,
2117 Book into Shopware 4711472 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt(:’\c:ri:r:?: i E ﬁiaffntzm_
with "X": u/lachining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift):

Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift):

Teamleader (B Shift):

V006

Foreman (C Shift):

[Teamleader (C Shift):
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B.11 Standard Work Instruction of Machine 320 Operator B

ATLANTIS = H . -
_._!!l““ FOUNDRIES Standard Work Instruction (SWI) Cleaning of Bypass & 3 Ports (B) =
unt Cantar af Marnsadss-Rans Trooks (FO[ITI 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heav . R \
Foundries Dutyy 14111 Machine 320 4711472 1.62 £S-030-471/472-] 06/03/'12 | Page 1/1
Job Element . . Symbol & 100% Times [sec] | S i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 ggreen 1 Hole in Bypass Open the 1 hole in the bypass core 4711472 2 X
2 |Blow Off with Airgun Blow off all loose sand from the Bypass Core with an Airgun 471472 3 X
3 |Pick up Bypass Core Pick up the Bypass Core from the Conveyor 4711472 1 X Machine 320
4 |Storage Rack Place the Bypass Core onto a Clean Storage Rack 4711472 9 X
5 |Remove Core Flash Remove all Core Flash from the 3 Port 4711472 4 X ':’g‘
[R5
G
6 |Open 5 Holes Open the 5 Holes on the 3 Port with a Wire Rod 4711472 7 X [
[65052 o::g.
:zo‘o”o’ 4:' SRR <
7 |Blow Off with Airgun Blow off all loose sand from the 3 Port Core with an Airgun 4711472 6 X "*’é{' 00N %ﬁ 3
’;3" 0::'0‘0: b B ::0 :::
8 |Pick up 3 Port Core Pick up the 3 Port Core 4711472 1 X %‘ e | %ﬁwoo
ool ?4‘3‘ X5 léits ‘:%:? tasesereretetes
9 |stacking Place the 3 Port Core on a clean Storage Pallet. 471/ 472 10 X éﬁgﬁ:gotg, B ":?:;"‘%if:::""‘:'.
ESotetels oo‘o::ﬁ Setedatetetetetotetotetetotots!
":o:.’o'o;o.:o {:’g}o’o’o‘}:o‘o”oo’
10 |waiting Wait for the machine to finish the next cycle 4711472 X :%’&2:0'. 2N \"&': .-:%&&v
oerasssaees, FaTe e tetetate et tetees
B3 N ~.%:a§.g.3§
11 0 - S,
12
13
14 Bypass Core
3 Port Off 3 Port Off
15 Load Pallet Load Pallet
16
17
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
2
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt(:’\c:ri:r:?: i E ﬁiaffntzm_
with "X": u/lachining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift): Teamleader (B Shift):

V006

Foreman (C Shift): [Teamleader (C Shift):
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B.12 Standard Work Instruction of Assembly Deck Operator A

ATLANTIS T
FOUNDRI

Ses= (Form 022 Issue A 13/02/2012)

Standard Work Instruction (SWI)

Assembly Deck Table 2 - Operator A

TOE - Truck Oserating Exstem

Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis HD Line - Assembly Deck Table 2 SWI-CS-040- ,
. Core Shop 14111 y 4711472 3.24 23/03/'12 1/1
Foundries (Operator A) 471/472-001-A
Job Element . . Symbol & 100% Times [sec] I S i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. i - 5 S Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Wait For Table 1 Wait to start till Table 1 is further than Front End Core (FEC). 4711472 X
2 |Push Middle Button Push_ the ml(_que Button of the table remote to lower table to 4711472 3 X DI D
starting position. K
Carry the Rear End Core (REC) together with operator B with [ ———1
3 |Carry REC together your hands at right hand side of the core. 4711412 6 X == === Bypass
4 |Set REC on Table Set the REC on the table with bottom & outside surface to table 4711472 1 X Core
19
5 |insert Jig Insert the Jig on Crank Cases 4 - 6 4711472 3 X i
Transfer Crank Cases 4 - 6 to Assembly Table and put the Crank
6 |[Transfer cC Cases on the Rear End Core 47l a2 10 X g
7 |insert Jig Insert the Jig on Crank Cases 1 -3 4711472 12 X O
kel
. . Wright shift onto Crank Case of No. 1 on bottom of right-hand ==
8 |wright Shift side of CC1 with wire rod arirarz ] X Table Tenle ; "Lu i
Transfer Crank Cases 1 - 3 to Assembly Table and put the Crank 4,6,8,11,12,13,1
9 [Transfer CC Cases on No. 4. 471/ 472 11 X 115,16,17,18 °
10 [Move Jig Move the Jig towards Crank Cases 4 - 6 @ waiting position. 4711472 12 X B
(@]
11 [Carry FEC Carry the FEC at right-hand side of core together with Operator B 4711472 8 X
Set FEC on Table 2 with bottom & inside surface onto CC 1
12 |set FEC Logether with Op. B 4711472 1 X
13 |insert Tie Rod Take 1 Tie Rod by Operator B & insert Tie Rod into Top of 471/ 472 9 M
Assembly.
14 [Close Clamp Close clamp on Left Hand side of Table 2 4711472 3 X
Fetch 2 Nuts & Impect Fetch 2 Nuts, Impact Wrench out of Holders and Tighten Tie Rod
15 Wrench fromTop to Bottom. 711472 18 X
16 |471 Only 471 Only: Take Torque - Wrench and Torque both nuts with 10NM 471 Q-048 9 X
17 |wait for Operator B \Wait for Operator B to handle Jig 4711472 X
18 |Placement of Jig Assist Operator B with Placement of Assembly Jig onto 4711472 5 X
Assembly.
19 |Wait for Loading Wait till Op.B puts Assembly onto Flow Line 4711472 X
20 |Take 1 Bypass Core Take 1 Bypass Core out of Container and Place onto Assembly. 4711472 9 X Important
Tools Used,
21 |Push Button Push Button on Control Panel to Move Main Assembly. 4711472 3 X Auxiliary
— - Material &
22 |wait For Table 1 \_II_\Ialt “f” Progress at Table 1 is Further than the Front E/C 4711472 X BEviEEs,
ransfer. Testing
NOTE: After 4 hours Rotate for Position of Operator C at Table 1 Equipment:
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks Max / Min-Time due Safet
IMark the appropriate time type Assembly: A/B/C =Value added / Non value added but necessary / Non value addq po— Equi m:nt'
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Walk time ) quip )
Created by (Nime & Da_te) Production Ageroval SName, Date) Enqmeeenng Ageroval SName, Date! Reference Material
Foreman (A Shift) Teamleader (A Shift):
\Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V005 Foreman (C Shift): Teamleader (C Shift):
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B.13 Standard Work Instruction of Assembly Deck Operator B

ATLANTIS T
FOUNDRI

Standard Work Instruction (SWI)

Assembly Deck Table 2 - Operator B

B Prociunt Canter of B S (Form 022 Issue A 13/ 2_,2012) 35 - Iruck Uperating Syslem
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis HD Line - Assembly Deck Table 2 SWI-CS-040-
. Core Sho 14111 4711472 3.24 23/03/'12 1/1
Foundries P (Operator B) 471/472-001-B
Job Element ) ) Symbol & 100% Times [sec] I o . . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. Tl - 5 = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 [Wait for Table 1 Wait to start till Table 1 is further than Front End Core (FEC). 4711472 X
Prepare Take Off of Rear |Prepare Take Off of Rear End Core (REC) at container & check ;
2 End Core for any defects & if the Timing Insert is Inserted. 4711472 Q- 049 ’ x
3 |carry REC together Carry the REC together with operator A with your hands at left- 4711 472 6 "
hand side of the core.
4 |Set REC Set the REC on the table with bottom & outside surface. 4711472 2 X
5 |Lower Table Lower Table with Remote to the Lowest Position. 471/ 472 3 X
6 |Blow Off sand Blow Off loose sand of REC with Air Gun 471/ 472 Q- 050 5 X
. Assist Operator A to Lower Crank Cases 4-6 onto Rear End
7 [Assist Op. A& Blow Core, take the Air Gun & blow of loose sand of CC 4rLiar2 § x
. Assist Operator A to Lower Crank Cases 1-3 onto Rear End Table 1
8 |Assist Op. A & Blow Core, take the Air Gun & blow of loose sand of CC Ariiar2 9 o= TR e L A e
345678111
9 |Prepare Take Off of FEC |Prepare Take Off of Front End Core. 471/ 472 Q-051 7 X 2,13,14,15,16,1 il
8,19 =
g w
10 |Carry FEC Carry the FEC with op. A at left-hand side of the core 4711472 8 X 8
o)
- — - &
11 |set Fec ge:)l FBEC with bottom & inside surface onto CC 1 together with 4711 472 2 M
. Take 2 Tie Rods out of holder, hand over 1to Op. A & insert 1
12 |Take 2 Tie Rods Tie Rod into Bottom of Assembly 4711472 9 x
13 |Close Clamp Close Clamp on right hand side of Table 2. 471/ 472 2 X
The next step needs to be done for First 10 Assemblies of Shift,
then every 10th Assembly.
. Check if the Height of the Assembly is Correct with the Gauge
14 |Check Height fitted onto Table 2. 471/ 472 Q-052 6 X
15 |471: Tilt the Table Tilt the Table to 45 Degrees 471 9 X
15 |472: Tilt the Table Tilt the Table to Take Off Position 472 11 X
16 |Wait for Operator A Wait until Operator A fits the Tie Rod 4711472 X
17 |471: Tilt the Table Tilt the Table to Take Off Position. 471 3 X
18 |Place Assembly Jig Place Assembly Jig onto Assembly. 4711472 18 X Important
Tools Used,
19 |Open Clamps Open Clamps at Table 1. 4711472 2 X Auxiliary
, Material &
Take Assembly out of Table by Operating Crane Remote, .
20 |Set Assembly Transfer & Fit Assembly onto Skid of Flow Line. 4711472 18 % ?’Z\;It(i:::’
21 |Remove Jig Remove Jig from Main Assembly and higher it 0,5 m above the 4711 472 7 « Equipment:
Main assembly
23 |wait till Progress Wait till Progress at Table 1 is Further than FEC Transfer. 4711472 X
Kez to Sxmbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks —
ark the appropriate time type | x [Assembly: A/B/C =Value added / Non value added but necessary / Non value ad Maxtgl\c:ri;:?se. e E fiaf:?e,m_
with "X": [Machining: A/B/C = Manual work time / Auto cycle time / Walk time ) quip .

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): [ Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V008 Foreman (C Shift): Teamleader (C Shift):
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B.14 Standard Work Instruction of Assembly Deck Operator C

ATLANTIS T 1
POUNDHI Standard Work Instruction (SWI) Assembly Deck Table 1 - Operator C ——
B Prociunt Canter of B S (Form 022 Issue A 13/ 2_,2012) 35 - Iruck Uperating Syslem
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis HD Line - Assembly Deck Table 1 SWI-CS-040-
. Core Sho 14111 4711472 3.24 23/03/'12 1/1
Foundries P Operator C 471/472-001-C
100% Times [sec
No. ‘(]"(c)erEble-mOir}:ect " Details to Job Element Variants iyl?sbﬁL& Tl ‘; B[ ] = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Wait for Table 2 Wait to start till Table 2 is further than Front End Core (FEC) 4711472 X
Prepare Take Off of Rear |Prepare Take Off of Rear End Core (REC) at container & check ;
2 End Core for any defects & if Timing Insert is Inserted 4711472 Q- 049 ’ X
3 |carry REC together Carry the REC together with operator D with your hands at left- 4711 472 7 "
hand side of the core
4 |Set REC Set the REC on the table with bottom & outside surface 4711472 2 X
5 |Lower Table Lower Table with Remote to the Lowest Position 471/ 472 3 X
6 |Blow Off sand Blow Off loose sand of REC with Air Gun 471/ 472 Q- 050 5 X 'g
- L
. Assist Operator D to Lower Crank Cases 4-6 onto Rear End -
7 [pssist Op. D & Blow Core, take the Air Gun & blow of loose sand of CC arilarz $ * g
. Assist Operator D to Lower Crank Cases 1-3 onto Rear End Table 1 T
8 |pssist Op. D & Blow Core, take the Air Gun & blow of loose sand of CC 4711472 9 %
Q |Prepare Take Off of FEC |Prepare Take Off of Front End Core 4711 472 Q-051 8 X 34,611,121 e L]
314,16,1819 '5 5 UCJ
10 [carry FEC Carry the FEC with op. A at left-hand side of the core 4711472 9 X e — =
o)
- — - &
11 |set Fec (S)zt FDEC with bottom & inside surface onto CC 1 together with 4711 472 2 M
. Take 2 Tie Rods out of holder, hand over 1to Op. D & insert 1
12 |Take 2 Tie Rods Tie Rod into Bottom of Assembly 4711472 9 x
13 |Close Clamp Close Clamp on right hand side of Table 1 471/ 472 2 X
The next step needs to be done for First 10 Assemblies of Shift,
then every 10th Assembly
. Check if the Height of the Assembly is Correct with the Gauge .
14 |Check Height fitted onto Table 1 471/ 472 Q-052 6 X
15 |471: Tilt the Table Tilt the Table to 45 Degrees 471 9 X
16 |472: Tilt the Table Tilt the Table to Take Off Position 472 11 X
16 |Wait for Operator D Wait until Operator D fits the Tie Rod 4711472 X
17 |471: Tilt the Table Tilt the Table to Take Off Position 471 3 X
18 |Place Assembly Jig Place Assembly Jig onto Assembly 4711472 18 X Important
Tools Used,
19 |Open Clamps Open Clamps at Table 2 4711472 2 X Auxiliary
- Material &
Take Assembly out of Table by Operating Crane Remote, .
20 |Set Assembly Transfer & Fit Assembly onto Skid of Flow Line. 4711472 23 x ?_Z\;IS:Z’
21 |Remove Jig Remove Jig from Main Assembly and higher it 0,5 m above the 4711 472 7 « Equipment:
Main assembly
22 |Wait till Progress Wait till Progress at Table 2 is Further than FEC Transfer. 4711472 X
Kez to Sxmbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks g
ark the appropriate time type | x [Assembly: A/B/C =Value added / Non value added but necessary / Non value ad Maxtg\c:ri;:?se. e E fiafrerzm'
with "X": [Machining: A/B/C = Manual work time / Auto cycle time / Walk time ) quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date)  JReference Material
Foreman (A Shift): [ Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V010 Foreman (C Shift): Teamleader (C Shift):
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B.15 Standard Work Instruction of Assembly Deck Operator D

ATLANTIS = I ==
. FOUNDRI Standard Work Instruction (SW') Assemb|y Deck Table 1 - Operator D 2 -
A Procers St of Trucis (Form (EZ Issue A 13/02/2012) TCE - Truck Osernting Eystom
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis HD Line - Assembly Deck Table 1 SWI-CS-040-
. Core Sho 14111 4711472 3.24 23/03/'12 1/1
Foundries P (Operator D) 471/'72-001-D
Job Element . . Symbol & 100% Times [sec] i o i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. i - 5 S Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Wait For Table 2 Wait to start till Table 2 is further than Front End Core (FEC). 4711472 X
2 |Push Middle Button Push_ the mlt_que Button of the table remote to lower table to 4711472 3 X
starting position.
Carry the Rear End Core (REC) together with operator C with
3 |Carry REC together your hands at right hand side of the core. 4711472 6 X Bypass
4 |Set REC on Table Set the REC on the table with bottom & outside surface to table 4711472 2 X Core
5 |insert Jig Insert the Jig on Crank Cases 4 - 6 4711472 3 X
Transfer Crank Cases 4 - 6 to Assembly Table and put the Crank
6 |[Transfer cC Cases on the Rear End Core 4rLian2 8 X
7 |insert Jig Insert the Jig on Crank Cases 1-3 4711472 12 X
. . Wright shift onto Crank Case of No. 1 on bottom of right-hand
8 |Wright shift side of CC1 with wire rod 4711412 3 x Table 1
9 |Transfer cc Transfer Crank Cases 1 - 3 to Assembly Table and put the Crank 4711472 13 N
Cases on No. 4.
10 [Move Jig Move the Jig towards Crank Cases 4 - 6 @ waiting position. 4711472 5 X
11 [Carry FEC Carry the FEC at right-hand side of core together with Operator C 4711472 7 X
Set FEC on Table 1 with bottom & inside surface onto CC 1
12 |set FEC Logether with Op. 4711472 1 X
13 |insert Tie Rod Take 1 Tie Rod by Operator C & insert Tie Rod into Top of 471/ 472 6 M
Assembly.
14 |Close Clamp Close clamp on Left Hand side of Table 1 4711472 3 X
Fetch 2 Nuts & Impect Fetch 2 Nuts, Impact Wrench out of Holders and Tighten Tie Rod
15 Wrench fromTop to Bottom. 711472 4 x
16 471 Only 471 Only: Take Torque - Wrench and Torque both nuts with 10NM 471 Q-048 9 X
17 |wait for Operator C Wait for Operator C to handle Jig 4711472 X
18 |Placement of Jig Assist Operator C with Placement of Assembly Jig onto 4711472 8 X
Assembly.
19 |Wait for Loading Wait till Op.C puts Assembly onto Flow Line 4711472 X
20 |Take 1 Bypass Core Take 1 Bypass Core out of Container and Place onto Assembly. 4711472 3 X Important
Tools Used,
21 |Push Button Push Button on Control Panel to Move Main Assembly. 471/ 472 3 X Auxiliary
— - Material &
22 |wait For Table 2 \_ll_\lalt t:cll Progress at Table 2 is Further than the Front E/C 4711472 X BEviEEs,
ransfer. Testing
23 NOTE: After 4 hours Rotate for Position of Operator B at Table 1. Equipment:
24
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks Max / Min-Time due Safet
IMark the appropriate time type Assembly: A/B/C =Value added / Non value added but necessary / Non value addq po— Equi mZnt'
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Walk time ) quip )
Created by (Nime & Da;te) Production Ageroval SName, Date) Enqmeeenng Ageroval SName, Date! Reference Material
Foreman (A Shift): Teamleader (A Shift):
\Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V007 Foreman (C Shift): Teamleader (C Shift):
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B.16 Standard Work Instruction of 2 Port and 3 Port Assembly

ATLANTIS = i z
BN &SANNREE Standard Work Instruction (SWI) 2 & 3 Port Assembly =)
A Pradunt Cantar Af MarasdasBany Trooks (Form 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis . SWI-CS-040-
. Core Sho 14111 HD Line - 2 & 3 Port Assembl 4711472 1.62 19/03/'12 | Page 1/1
Foundries P y 471/472-003 g
Job Element . . Symbol & 100% Times [sec] | o _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Push Button Push the Operating Button 4711472 3 X /_.\
= = = = 5
2 |pick up 2 Port Take the 2 Port out of the container & insert it into the Main 4711472 6 X 6
Assembly 8
3 |pick up 3 Port Take the 3 Port out of the container & insert it into the Main 4711472 6 M o — 9 —
Assembly
4 |Drill 1 Hole Drill one hole into 3 Port next to Down Sprue. 4711472 7 X
5 |insert 6 Screws Insert 6 screws into 3 Port from right to left, from bottom to top 471/ 472 15 X
6 |Insert two screws Insert 2 screws into 2 Port from bottom to top. 4711472 3 X
7 |Tighten 2 Port Tighten the two screws into the 2 Port:- Bottom to Top 4711472 Q-054 4 X
8 |righten 3 Port Tighten the 6 screws into the 3 port :- from Right to Left, from 4711472 16 M
Bottom to Top q
" Tighten the 2 middle of the 3 Port Core from right to left not
9 |Tighten 3 Port deeper than the core surface. 4711472 Q- 055 4 X 3 PORT CORE
10 |waiting Step back and wait for the next Main Assembly 4711472 X
11
12
13
14
15
16 m—
17 Do not thighten the 2 middle screws
deeper than the core surface!
18
19
mportant
20 Imp
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxti:’\c:ri:r:?: e E ﬁiaffntzm_
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date)  |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V007 Foreman (C Shift): Teamleader (C Shift):
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B.17 Standard Work Instruction of Water Rail Assembly Operator A

AN RS Standard Work Instruction (SWI) i —
FOUNDRIES =l
A Pradunt Cantar Af MarasdasBany Trooks (FOI‘I’V‘I 022 Issue A 13/0£012) Water ral | AS S e m b Iy TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-040-
. 14111 | Water Rail Assembly (Operator A) | 471/472 1.62 16/03/'12 | Page 1/1
Foundries|  Duty y (Op ) 471/472-004-A 9
Job Element . . Symbol & 100% Times [sec] | o _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Push Button Press the Conveyor Button, Step back and wait for the next Main 4711 472 3 X
Assembly
2 |Visually Inspect Visually inpect the Water Rail Core 471 Q- 056 X
3 |Drill Water rail Drill 4 holes into Water Rail 471 Q-057 X
4 |Drill Water rail Drill 6 holes into Water Rail (H - Pic.i) 472 Q-058 17 X
5 |Pick up & Set Water rail Pick up & Set Water Rail to Main Core Assembly 4711472 11 X
6 |Drill Water rail Drill 2 Holes on the Left Side of the Water Rail (Q - Pic.i) 4711472 Q-059 9 X
7 |insert screws Insert 1 Short.Screw (5x75mm) & 5 Long Screws (2x100mm) a1 M
From left to Right
Insert 1 Short Screw (5x75mm) & 7 Long Screws (2x100mm)
8 [insert Screws From left to Right (H - Pic.ii) ar2 o, X
9 |waiting Step back and wait for the start of next cycle X
10
11
During assembly of the 472 Water Rail Core,
12 Drill 2 holes on the left side of the water rail
as indecated in the Picture below.
13
14
15
16
17 Secure water rail with screws 5 x 100mm
and one screw 5 x 75mm.
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt(:’\c:ri:r:?: e E ﬁiaffntzm_
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : auip :
Created by - Date Production Approval (Name, Date) Engineeering Approval (Name, Date)  |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V006 Foreman (C Shift): Teamleader (C Shift):
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B.18 Standard Work Instruction of Water Rail Assembly Operator B

ALANDRES Standard Work Instruction (SWI i :
FOUNDRIES =l
& Proviunt Camar of Maresdas fun= ok (Form 022 Issue A 13/02/2012) ( ) Waterrail Assemb Iy 108 ~Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-040-
. 14111 | Water Rail Assembly (Operator B) | 471/472 1.62 16/03/'12 | Page 1/1
Foundries |  Duty y (Op ) 471/472-004-B 9
Job Element . . Symbol & 100% Times [sec] | s _— . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Push Button Press the Conveyor Button, Step back and wait for the next Main 4711472 3 X
Assembly
2 |Jig Setting Set Jig to the Water Rail (H - Pic.i) 471/ 472 6 X
3 |(471) Tighten Screws Thighten the (six) 6 screws from Left to Right 471 Q-060 22 X
4 |(472) Tighten Screws Thighten the (eight) 8 screws from Left to Right 472 Q-061 24 X
(Q - Check to be done every 10 Core) :
S [Length Gauge Check Measure the Core Length with a Length Jig (Q - Pic.ii) 471l 472 Q- 062 6 x
6 |Remove Jig Remove the Jig 4711472 2 X
7 [Waiting Step Back and Wait till next cycle can start 4711472 X
8
9 WATER RAIL CORE
10
11
12
13
14
15
16
17
Check the Length of the
18 Assembly(Every tenth Assembly)
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks i T
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt(:’\c:ri:r:?: i E ﬁiaffntzm_
with "X": |Machining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : quip :

Created by - Date

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift):

Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift):

Teamleader (B Shift):

V005

Foreman (C Shift):

[Teamleader (C Shift):
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B.19 Standard Work Instruction of Dipping Station Operator A

ATLANTIS = 1 . . _‘
_._Jl““ FOUNDRIES Standard Work Instruction (SWI) Dipping - Core Assembly (REMOTE) =
unt Cantar af Marnsadss-Rans Trooks (FO’ITI 022 Issue A 13/02012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis HD Line - Dipping Operator SWI-CS-040-
. Core Sho 14111 4711472 1.62 19/03/'12 1/1
Foundries P A(Remote) 471/472-005-A
Job Element . . Symbol & 100% Times [sec] | o i . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 [Move Jig Together Move Jig towards Main Assembly together 4711472 5 X
2 |Locate Jig Locate the Jig to the Main Assembly 471472 4 X
3 |Wwait for Readiness Wait for readiness and than operate the cycle switch 4711472 5 X
4 |Operating Remote Operating the remote to lift the Main Assembly together 4711472 3 X
kXX
Push Button Push the Push Button to release an empty skid 4711472 10 X PCCINCN XXX RN TN XX HAX XK, 4
° - T e
6 |Transfer Core Transfer the Main Assembly to the Dipping Station together 4711472 7 X 'o':s.':’::::::ﬁ‘é:" % “::f?:’"’ R 135
Dipping the Main A bly the just below the Filter hol ::.':::":‘:”::?E“ s
7 |pipping core 'pping the Main Assembly the just below the Filter hole 4711472 Q- 063 9 | «x RS o]
together. 0 “':”ﬁ' .;:.: %
. Lift the Main assembly, Operate the Locking Lever & wait for :’ 0:0.1.0?,:3&:".0}. XX 2
8 |Lift & Operate Lock Operator B 4711472 10 X % y satesetes
9 |move Core Move the Main Assembly to Cleaning position together 4711472 5 X s *2%?10. et
bots ":‘:":’:‘:::’:’0.0 R85,
. % S
10 |Clean 3 Port Clean the 3 Port with a Rubber Scrapper 4711472 Q- 064 10 X Q -!1 :.w,:.o::ﬁ: %
b0 o dro et tatetetetetetasetateteteli
i i 52558554 RN ]
11 |Load onto skid Loé\d the Mgm Assembly 0!110 an empty skid and release the 4711472 s X 2% .“.”o.. A )"&:&%}3’{%@:‘
cylinder switch of the dipping jig SRR RRARRT ieletetotetatetetotetitetetetetets!
: 2 AR
12 |Home position of Jig Move the jig to the home position together 471472 5 X
13 |waiting Wait for next core 4711472 X
14
15
16
17
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks A
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxti,’\fl,:,i::?: e E ﬁiaffntzm_
with "X": Wachining: A/B/C = Manual work time / Auio cycle time / Wa_lk time : quip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V005 Foreman (C Shift): Teamleader (C Shift):
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B.20 Standard Work Instruction

of Dipping Station Operator B

AN LRES Standard Work Instruction (SWI) iDDi
FOUNDRIES - =l
MM AZLANERAES Nork Instruc Dipping - Core Assembly (WHEEL)
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWiI-No. Rev. Date Page (x /y)
Atlantis HD Line - Dipping Operator SWI-CS-040- .
'S lcore shop| 14111 pping ©p 4711472 1.62 19/03/12 | 1/1
Foundries B(Wheel) 471/472-005-B
Job Element . . Symbol & 100% Times [sec] | s _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 [Move Together Move towards Main Assembly together 4711472 5 X
2 |Locate Jig Locate the Jig to the Main Assembly 471472 4 X = — 2
3 |Align clamp position Align clamp position and signal readiness to operator A 4711472 5 X T l
4 |Lift & Align Core Lift the Assembly in alignment with Operator A 4711472 4 X 1
Turn the Main Assembly 180° anti - clockwise than take the <
5 [Turn & Blow Off Airgun and blow off all loose sand on Core 471l 472 Q- 065 ’ x &
Transfer the Main Assembly to Dipping position together } % * X 0 o,
B [Transfer Core towards the righthand side of propeller 4rL/ar2 Q- 066 8 x 12
7 |oipping of Core E]lgggng the Main Assembly to under the Filter Hole together 4711472 Q- 067 9 M 610
. Lift & Rotate the wheel first 135 degrees clock wise, 270 anti 2
8 [Lift & Rotate Core clockwise and than to 305 degrees clockwise (JES) 4711472 Q- 068 . x %
9 |Cleaning Position of Core |Move the Main Assembly to the Cleaning position 471/ 472 8 X W 5678 / y
10 |Clean End Core Clean the End Core with a Rubber Scrapper (JES) 4711472 Q- 069 8 X 5
n n n X
11 |off Load onto skid Load the Main Assembly onto an empty Skid of the oven and wait 4711472 7 X
for release
12 |Home position of Jig Move the Dipping Jig to Home position together 4711472 4 X
13 |wait Waiting for next Core 4711472 X
14
15
16
17
S 2
18 .
19 Rotate the Wheel first 135° clockwise, 270° anti clockwise and than
ito 305° clockwise
—
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks A
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxti,’\(l,:,i::?z i E ﬁiaffntzm_
with "X": |Machining: A/B/C = Manual work time / Auio cycle time / Wa_lk time : auip :

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift): Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift): Teamleader (B Shift):

V004

Foreman (C Shift): [Teamleader (C Shift):
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B.21 Standard Work Instruction of Oven Take off Station Operator A

ATLANTIS "

Standard Work Instruction (SWI)

FOUNDRIES HD - Oven Take Off ;
A Product Center of Mercades-Benz Trucks (Form 022 Issue A 13/02/2012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heavy SWI-CS-040-
. 14111 Oven Take Off - Operator A 471/472 1.62 19/03/'12 | Page 1/1
Foundries| Duty P 471/472-006-A 9
Job Element . . Symbol & 100% Times [sec] ’ S . . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. o " 5 = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Torque bolts Torque the two Bolts in the Main Assembly 471 Q-070 10 X
HOWDEN OVEN
2 |Clean core Clean the Rear End Core with Steel Wool 4711472 Q-071 6 X b
] : 5=
3 [Move Jig Move the Hoist Jig towards the Main Assembly 4711472 6 X ; |
) ! =
4 |SetJig Set the hoist Jig to the Main Assembly 4711472 4 X i i
5 |Hold hoist Sup_pgrt and hold the hoist until clamping of Main Assembly 4711472 5 X T
position are reached.
6 |Move hoist Move the Hoist towards the OFF Line tray 4711472 9 X = 12,345 =
B s
7 |Align Core Align the Main Assembly on Off Line tray and Load 4711472 2 X
8 [Move hoist Move the hoist back to Home position 4711472 6 X A A
. . ) 6 7 1A
9 |waiting Waiting for the next available Assembly 4711472 X L
=
8
10
11
12
13
14
15
16
17 ,
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24 P P
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks i T
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxti)’\c:ri::?: e E ﬁiaf:zm_
with "X": [Machining: A/B/C = Manual work time / Auto cycle time / Walk time ) quip .

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift) Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift): Teamleader (B Shift):

V005

Foreman (C Shift): Teamleader (C Shift):
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B.22 Standard Work Instruction of Oven Take off Station Operator B

Bl ASoNSRTES Standard Work Instruction (SWI)

A Product Center of Marcades-Banz Trucks

(Form 022 Issue A 13/02/2012)

Oven Take Off

108 - Truek Operating System

Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heavy SWI-CS-040-
. 14111 Oven Take Off - Operator B 471/472 1.62 19/03/'12 | Page 1/1
Foundries| Duty P 471/472-006-B 9
Job Element . . Symbol & 100% Times [sec] ’ S . . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. o " 5 = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Clean 3 Port Clean the 3 Port Core with Steel Wool. 4711472 Q-072 6 X
2 |Move Jig Move the Hoist Jig towards the Main Assembly 471/ 472 6 X ]
3 |Set Jig Set the hoist Jig to the Main Assembly 4711472 4 X ; : ] :
4 |Lock Jig Push the Cylinder Switch and Lock the Jig 4711472 2 X : : : i
5 |Lift Jig Lift the hoist Jig up by using an Overhead Crane. 4711472 2 X [
6 |Press Button Press the Push Button 4711472 2 X — 12345
B
7 |Move Jig Move the Hoist towards the OFF Line tray 4711472 9 X
8 |Align Core Align the Main Assembly on Off Line tray and Load 4711472 2 X A =
i R L 6 7113
9 [Move Jig Move the hoist back to Home position 4711472 6 X u
=
8
10 |waiting Waiting for the next operation 4711472 X
11
12
13
14
15
i 0 HH
16 q ]
1
17 .
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 LIPS Operator B - Pic.i
24
Key to Symbols: S=Safety / Ergonomics; Q=Quality; H=Hints & Tricks i T
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxti)’\c:ri;:?: e E ﬁiaf:zm_
with "X": [Machining: A/B/C = Manual work time / Auto cycle time / Walk time i quip )

Created by (Name & Date)

Production Approval (Name, Date)

Engineeering Approval (Name, Date)

Reference Material

Foreman (A Shift)

Teamleader (A Shift):

Version-No. (V47-AF)

Foreman (B Shift):

Teamleader (B Shift):

V005

Foreman (C Shift):

Teamleader (C Shift):
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B.23 Standard Work Instruction of Drilling Station Operator A

ATLANTIS = I - =
BN &SANNREE Standard Work Instruction (SWI) HD - Drilling =)
A Pradunt Cantar Af MarasdasBany Trooks (Form 022 Issue A 13/0£012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWiI-No. Rev. Date Page (x /y)
Atlantis Heavy . - SWI-CS-040-
. 14111 Flow Line Drillin 471/472 1.62 19/03/'12 | Page 1/1
Foundries|  Duty 9 471/472-007 9
Job Element . . Symbol & 100% Times [sec] | S _— . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |write on Package Write thg Date, time on the Main Assembly using Shopware 4711 472 10 X
Numbering System
2 |Drill Package Drill the 9 holes ontop of the Main Assembly 471/ 472 Q-073 9 X
3 |SetJig Set the Water Rail Jig to Main Assembly (H - Pic.ii) 4711472 3 X
4 |Drill Core Drill 5 Holes in the Main Assembly Core 4711472 Q-074 5 X
5 |Remove template Remove the drilling template from Main Assembly 4711472 1 X 3,5,6
6 |Ready @ Sciccors Check when next Assembly is on Skid & Ready @ Sciccors 4711472
7 |Push Button Push the Push Button 4711472 1 X | |
8
10
11
12 8l
13
14
15
16
17
18
19 . ==
20 Important L
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing | X
23 Equipment: T 1.
”
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks .
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt::’\c:ri::?: e E ﬁiaffntzm_
with "X": u/lachining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : auip :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
007 Foreman (C Shift): Teamleader (C Shift):
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B.24 Standard Work Instruction of Drilling Station Operator B

ATLANTIS = i - _‘ -
BN &SANNREE Standard Work Instruction (SWI) Drilling =)
A Pradunt Cantar Af MarasdasBany Trooks (FO!ITI 022 Issue A 13/0£012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heavy . - SWI-CS-040-
. 14111 Flow Line Drilling - Operator B 4711472 1.62 02-May-12 1/1
Foundries| Duty g-op 471/472-007-B Y
Job Element . . Symbol & 100% Times [sec] | s _ . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |Visually inspect Package Z:;:?:L—y inspect the Bypass & 6 Port Cores for any unaccepteble 4711 472
- Drill the 2 Holes on top of the Bypass Core by using a Straight
2 |prilling Bypass Core Drill fitted with a 4mm drill bit arirarz
- Drill the 5 Holes on top of the 6 Port Core by using a Straight Drill
3 |Drilling 6 Port Core fitted with a 4mm drill bit 4711472
4 |Blow off Blow off the package by using an Airgun 4711472
5 |waiting Wait for the next available package 4711472
6
7
8
9
10
11
12
13
14
15
16
17
18
19
Important
20
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks PR,
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxt:)’\c:ri::?: e E ﬁiaffntzm_
with "X": u/lachining: A/B/C = Manual work time / Auto cycle time / Wa_lk time : ny =
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V001 Foreman (C Shift): Teamleader (C Shift):
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B.25 Standard Work Instruction of Quality Inspection Station Operator A

ATLANTIS = H _
B A5 sNnss Standard Work Instruction (SW') Heavy Duty |nspect|0n
A Pradunt Cantar Af MarasdasBany Trooks (FO!ITI 022 Issue A 13/0£012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heavy . SWI-CS-040-
. 14111 472 Inspection Operator A 471/472 1.62 19/03/'12 | Page 1/1
Foundries|  Duty P P 471/472-008-A 9
Job Element . . Symbol & 100% Times [sec] i A . . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 |[Set Hoist Set the Hoist Jig to the Main Assembly Core 4721471 8 X
2 |push Button Push the Cylinder lock button to secure the Hoist Jig to Main 4721471 1 X
Assembly ¥ q
= = - = 1 H
3 [inspect Package Visually n}spect.the Drag side (6 Port Area) of the Main Assembly 4721 471 Q-075 22 M ; i
for any thick paint and cracks. H Kl
4 |Lift Jig Lift up the hoist Jig & move it towards the off loading Pallet 4721471 13 X : ,:
5 |Load the Main Assembly ;:)Cai(:i)the Main Assembly on a Clean Blue Storage Pallet (H - 4721471 3 X
6 |uniock cylinder Oncet_he Main Assembly is Load onto the Storage Pallet unlock 4721 471 1 M
the cylinder lock.
7 |LiftJig Lift up the Hoist Jig (H - Pic.iv) 4721471 2 X
8 |waiting Wait for the next Core Package 4721471 X
9
10
11
12
13
14
15
16
17
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment:
2
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks PR, |
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxél\(lllanri‘;::: de E ﬁiafrenth-
with "X": mchining: A/B/C = Manual work time/AuLo cycle time / Wa_lk time : G :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47) Foreman (B Shift): Teamleader (B Shift):
V006 Foreman (C Shift): Teamleader (C Shift):
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B.26 Standard Work Instruction of Quality Inspection Station Operator B

ATLANTIS = H _
B A5 sNnss Standard Work Instruction (SW') Heavy Duty |nspect|0n
A Pradunt Cantar Af MarasdasBany Trooks (FO!ITI 022 Issue A 13/0£012) TOS - Truck Operating System
Plant/Center Department Cost Center Group, Line, Station / Operation or Machine Model / Type Takt Time [min] Avg.Cycle Time [min] Base Model SWI-No. Rev. Date Page (x /y)
Atlantis Heavy . . SWI-CS-040-
. 14111 472 Inspection Operator B Inspection 1.62 19/03/'12 | Page 1/1
Foundries|  Duty P P P 471/472-008-B 9
Job Element . . Symbol & 100% Times [sec] i A L . .
No. ("Verb - Object ") Details to Job Element Variants JES-No. = = = = Layout / Spaghetti Diagram (descriptions / pictures optional)
1 [Setjig Set the Hoist Jig to the Main Assembly Core 4721471 8 X
Visually inspect the Cope Side (W/Rail) of the Main Assembly for . :
2 [inspect assembly any thick paint, cracks and Core Flash 472/ 411 Q-076 15 X i
3 |Lift Jig Lift up the hoist Jig & move it towards the off loading Pallet 4721471 13 X i
4 |Push Button Press the Push Button for an empty Off Bay Flowline Tray 4721471 5 X 3
il
5 |Load the Main Assembly |Load the Main Assembly on a Clean Blue Storage Pallet (H - Pic.i) 4721 471 3 X
6 |LiftJig Lift up the Hoist Jig (H - Pic.ii) 472/ 471 2 X
7 |Push Button Push the accept button on the Shopware Monitor 4721471 2 X
8 |waiting Waiting for next opration 4721471 X
9
10
11
12
13
14
15
16
17
18
19
20 Important
Tools Used,
21 Auxiliary
Material &
22 Devices,
Testing
23 Equipment: =
24
Key to Symbols: '§=Safetyl Ergonomics; Q=Quality; H=Hints & Tricks PR,
Mark the appropriate time type |Assembly: A/B/C =Value added / Non value added but necessary / Non value addd Maxtgl\clanri‘;:::: i E ﬁiafrer:)elm-
with "X": |Machining: A/B/C = Manual work time/AuLo cycle time / Wa_lk time : Gy :
Created by (Name & Date) Production Approval (Name, Date) Engineeering Approval (Name, Date) |Reference Material
Foreman (A Shift): Teamleader (A Shift):
Version-No. (V47-AF) Foreman (B Shift): Teamleader (B Shift):
V005 Foreman (C Shift): Teamleader (C Shift):
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