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Abstract: Lean production involves a variety of principles and techniques, all of which
aim to eliminate waste and non-value-added activities at every production or service
process. To stay competitive, many Australian owners in the blasting and coating
industry have sought to improve their production process productivity and human
performance. The purpose of this study is to evaluate the feasibility of existing lean
principles by using Value Stream Mapping (VSM) in the blasting and coating industry.
A real case is selected as a model, both current and future states of shop-floor
production scenarios are discussed using value stream concepts. This is analysed
along with calculations of cycle time, work-in-process inventory, and waiting time.
A framework of lean improvement is proposed which includes: (1) waste elimination
by using techniques of standardisation, supermarket, and pull scheduling system; (2)
workforce involvement; and (3) client integration. The results showed that the
product delivery rates could be significantly increased through lean implementation.

Keywords: lean production, value stream mapping (VSM), blasting and coating
industry, production management, pull scheduling

1 INTRODUCTION

Lean production has been applied to many businesses that wish to remain their
competitiveness in an increasingly global market. Lean production is designed to eliminate
all activities that do not add value throughout the production process (Womack and Jones
2010). Originally, it was developed from car manufacturing in Japan, but the main lean
techniques have been applied to a wide variety of other processes in manufacturing,
healthcare, construction and service.

Despite the diversity of applications in different production sectors throughout the
world, the lean production principles lag within the blasting and coating industry, partly
because of particular difficulties of implementation in these types of processes. One of the
characteristics of these operations is that product mix grows as the material moves through
the process, creating a wide variety of in-process production schedules, making it difficult
to apply some traditional lean concepts. Moreover, despite the simple production steps,
production planning and control is decided based on manager’s experience. No formal
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documents are available to track the production progress. Due to the unique features faced
in this kind of industry environment, lean production application is a challenge to be
adapted.

The purpose of this piece of research is to evaluate the feasibility of existing lean
principles by using Value Stream Mapping (VSM) in the blasting and coating industry.
VSM is the most efficient tool of lean thinking and has proved its value of increasing
process visibility (transparency) (Klotz et al. 2008) and reducing lead time (Tyagi et al.
2015) in many sectors (Shou et al. 2017). VSM is used as the primary tool to identify waste
in the process, developing a current map; subsequently, a future map with the proposed
improvements is generated, as well as the working plans, used to monitor the
implementation project (Rother and Shook 2003).

2 RESEARCH METHODS

To analyze the applicability of lean methodologies in blasting and coating workshop, this
research employed the case study method (Yin, 2013). The case study can suitably be used
for theory testing and refinement, which allows the study of production management and
organizational phenomena in their actual context. In this research, the information for
case analysis was collected from semi-structured interviews and direct observation in three
days. One complete work order was selected to study the applicability.

3 CASE STUDY

The case study was conducted in a steel blasting and coating workshop. The coating
company communicates with their clients and upfront steel fabrication companies by
telephone and email for orders, and buys painting materials used in the processes
according to the blasting and coating requirement provided by the clients. Once the
fabricated steel has been loaded on the site, the production in the workshop is responsible
for the quality of customized blasting and coating work. The production is daily planned
but, relying on the production manager’s experience by referring to deadlines and
urgencies required by clients. The production has no planning for the progress for clients.

There are three main parts of the production processes in the workshop: blasting,
coating, and delivery. All the blasting is conducted in the one blasting chamber. The client
orders are divided into several batches because of the chamber space limitation. Batches
are lifted from the storage area and loaded on the trolleys before they are pushed into the
blasting chamber and be blasted sequentially. Then the blasted steels are placed at the
coating area by crane drivers. However, the coating work doesn’t follow the same batch
size as in the blasting process. The painters start the coating work once all the batches
have the same coating requirement have been placed on the site. Moreover, the delivery
work can only start once all the batches in one order have been completed. Therefore, the
work batches have a huge deviation in the processes.

3.1 CURRENT STATE MAP

After carefully collecting the production information, the map of the current process was
developed. Figure 1 shows the current state map. The value stream for a typical blasting
and coating was mapped in detail, which includes flows of information and material.

1. Information flow:
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e The straight arrows represent oral information between processes. The production
manager and the supervisor are responsible for every process; so they have a role
to inform and approve each production process.

e The broken arrows represent electronic information. Clients make the orders and
check the production quality and progress by telephone.

2. Material flow:

e The squares represent each operation with data such as the number of workers,

the cycle time (CT), processing time (PT), work in process (WIP), batch size, and
waiting time (WT) in each process.

e The crane represents the steel transportation, turnover or loading carried by crane
drivers.

e The thick dark arrows represent the in-process material that is pushed to a
production process to the next one.

8 20 510 1225 60 70 70 220

Figure 1 Current state map

In the current process map, the need for waiting resulted from the changes of batch
size is shown explicitly in Figure 1. Another important waste shown in the process is the
accumulation of WIP. This waste is derived from the fact that the overall production is
planned and pursued without consideration of the impact of the labour availability and
schedule coordination.

As shown in Table 1, it is noted that the total duration of the selected case is 949
minutes, but the total VAT only account for 290 minutes (30.56%). The non-value adding
time (NVAT) but necessary work is 471 minutes (49.63%), while the waste is 19.81%.

Table 1: performance analysis

Metrics Percentage Amount of time (mins)
VAT 30.56% 290
NVAT but 49.63% 471
necessary
Waste 19.81% 188

Besides, the waste was analysed from the perspective of production line as well. There
are 8 primer coating orders and 6 three coating orders have been processed in the three
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days. However, the number of orders have been delivered is 4 and 1, respectively. Table 2
lists the delivery rate for the orders produced in the three days' observation (delivery rate=
the number of material have been delivered / the number of material have been processed).
If the quantity of WIP required would be reduced, the delivery rate could also be improved.

Table 2: delivery rate in the data collection period

Types of Delivery rate
production
Primer 50%
Third coating 16.67%

Table 3: Reasons analysis

Reasons of waste Percentage Amount of time (mins)
Lack of planning 37.77% 71
Push schedule 36.57% 65
Worker's low 27.66% 52
productivity

As shown in Table 3, one apparent cause of high WIP is that lack of planning. In the
daily work plan, crane drivers and painters are assigned to orders with high priority.
However, they reported that the work assignment tends to randomly direct their efforts to
those steels in which have been blasted and placed on site. They get another oral work
assignment once they have done the current work. It is hard to recognize the priorities
without any formal progress record of the work in the workshop.

Push scheduling is another cause of high WIP. Waiting time in production process
increased because of the push production progress. Orders with work left (for example,
waiting for being coated, turned over, or packed for delivery) are simply not completed
due to the push work carried out by limited workforce, thus, remaining as WIP.

Another important reason of high WIP has been observed is the low productivity of
the crane driver. The transfer and placement work conducted by crane driver 3 didn't
follow the same batch size. The increased transfer time because of the reduced batch size
(the reduced number of steels that have been transferred at one time) raised the WIP.

In summary, the existing process exhibited various forms of waste, different batch sizes,
low success delivery rate and high levels of WIP.

3.2 FUTURE STATE MAP

Looking at the current state map for blasting and coating work several things stand out:
(a) significant waiting time, (b) the low success delivery rate, and (c) each process
producing to its own schedule, large WIP caused by in-process workforce and schedule
constraints. WIP and low delivery rate may be viewed as two related issues since the more
the WIP, the longer any processed order must wait for its turn of next process and thus,
the lower the delivery rate. In creating the ideal future state map, this research tries to
identify solutions to drive both of these down while looking at the schedule across the
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entire value stream. There are eight guidelines to introduce lean thinking into a value
stream, according to Rother and Shook (2003). Applying them to this case study, we
proposed the following improvement framework to the production processes (as shown in
Figure 2). The wastes have been identified are listed in the framework. Lean practices have
been proposed from three perspectives: waste elimination, workforce involvement, and
client integration. Due to the limited space, the improvement strategies of workforce
involvement and client integration will not be addressed further in this paper. The three
lean measures were discussed in detail in the following sections.

Lean goals
Increase productivity and improve quality to increase customer value & profit

Waste identified

Delay caused by the successor paint work
Delay caused by the site preparation
Push scheduling [Delay caused by paint preparation

Delay caused by paint dry time

Delay caused by quality check work

Delay caused by painter unavailable (workforce constraints)

Laek of planning Delay caused by crane driver unavailable (workforce constraints)

Wiarkers’ low Delay caused by driver’s low productivity

productivity
Lean solutions
. Creative involvement of the . .
Elimination of waste NG o Integration of client
workforce
Lean practices
e Supermarket e Team-based problem solving||e JIT deliveries
e Standard operations e Worker-driven kaizen e (Client
e Pull scheduling system |[® Training rationalisation

Figure 2: Framework of lean improvement

1. Supermarket

Before the coating process, the production in the workflow can be continuous since the
materials move in the same batch size. At the coating, however, the blasted steel can merge
and move through one of many possible routines based on the required coating standard
and workers’ experience. Different cycle time and batch size of the coating work, make it
difficult to introduce continuous flow in this process. Meanwhile, the subsequent processes
of turnover, second side of coating and delivery are restricted to different schedules
depending on product shape, workforce availability and orders coordination. Therefore, it
is unrealistic to join these processes to obtain a continuous flow. The focus at the end of
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transfer process should be on developing a system to enable pull by the customer, rather
than continuous flow.

A “supermarket” is a buffer located at the process where continuous flow is not
available. The recommendation is that steel produced to a supermarket (store at the
coating area) and whenever the supermarket inventory is higher than a certain level this
would trigger the coating process.

The introduction of supermarkets that are controlled by a Kanban system forces the
entire coating to pace every process to the speed of the bottleneck (to match the coating
pace with blasting time), which as the current state map indicated that it is located between
the blasting and coating. Thus the coating begins to take on the characteristics of a
production line where batches start to flow rather than stop and start.

The second supermarket is recommended to stabilize the second side of coating process
for the turned over material. The inventory after turned over and before second side of
coating is large. This is because the painters start the second side of coating after all the
batches in one order have been turned over. It is necessary to set up a supermarket to
accommodate progress coordination (that is coordinate the work of turnover and second
side coating). Again, a Kanban pull system can be used to regulate second side of coating
start time.

The Kanban at the supermarkets follow the standard rules of a pull system. For
example, the painter is allowed to process the other work in the workshop as long as there
is an empty spot in the supermarket for the transferred steel. By definition, if the
supermarket is less than its capacity then this means that the steel batches does not need
painting.

2. Standard operation

Standard operation procedures are designed to reduce waste in scheduling activities. Work
standards show what, where, when, who and how tasks should be carried out to ensure
customer satisfaction.

Currently, the steel being processed in workshop displaying a unique functionality,
configuration, and size. The production processes of coating, turnover, etc. are operated
based on the operators’ skills and experience accordingly. Therefore, the purpose of this
method is to use rigorous process standardization of difference coating system to reduce
variation, thereby creating both flexibility and predictable outcomes.

Standard operation routine sheets could be used to show the time relationship between
the workers and the production system. The information required to create the routine
sheet are the time it takes a painter to finish one side painting, the paint dry time of the
different paint standards, etc. The processing data can summarize from (1) statistic data
analysis: manual data record and summary; (2) feedback from worker based on their
experience.

The standard processing procedure and time framework of primer, second, and third
coating system is formatted by reducing the interval time between two sides painting, the
interval time from a finished round of coating to next round of coating, and the waiting
time before delivery.

3. Pull scheduling system
A pull system is one in which the control of information flows in the opposite direction to
the material flow. To eliminate the waste caused by the conflict of workforce in the
production process and increase the transparency of the production schedule, future state

improvement develops a pull scheduling system to replace the dictated schedule plan
created by the production manager. The push-driven sequence of work is replaced with a
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sequence designed by the availability of stable production information. The production
manager works with estimator assessing the maturity of the order, and releases work order
to the schedule according to a continuously updated list of information. Ideally, the work
order is not introduced into the production process unless all the conditions for its
completion have been completely fulfilled (e.g. the material arrival and delivery time is
confirmed respectively, the procurement of paint has done, and the paint is stored on site).
A daily and weekly production schedule will be created based on the information provided.
Pull scheduling with the input of customer orders plus ongoing work in the workshop,
which creates a set of prioritized orders.

Pull priority (human resource assignment and start time) setting:
e Level 1: Delivery at the same day
e Level 2: Delivery at the next day
e Level 3: Delivery at the third day

The pull scheduling system has two significant potential benefits:

e The waste of waiting caused by human resource contflict is essentially eliminated.
Production work in process are not executed according to the daily work job
assigned from production manager or randomly assigned in the workshop, but are
instead always performed according to the priority setting.

e WIP is controlled. The desired level can be determined roughly by multiplying (1-
the required delivery rate (on the overall production schedule)) by the number of
the daily order be processed.

In practice, each batch/order requires a unique sequence of production, each with
varying durations and often with different procedures. The rate of introduction of “mature”
order into the system depends on the arrival time and the clients’ decision making and
may therefore also be irregular. These sources of variation can be coped with in some ways:
(1) by planning buffers of stable work; (2) with flexible labor resource strategies. The
sequence of production can be prioritized for release not only regarding delivery time but
also regarding the probability of coating work are likely to be reached considering other
factors (e.g. weather and the dry time required for different paint thickness). In this way,
orders with less than 100% production information can be released when necessary. Time
buffer between procedures should be monitored and reduced to a minimum necessary to
avoid unacceptable extension of lead time.

4 RESULTS OF LEAN PRODUCTION

The implementation of the future state is ongoing in the case study company. A three
months kaizen plan was formulated to break the application into steps and to provide a
time frame for improvements. The objectives of each phase were outlined as follows:

e Standardize work process with the assistant of standard operation routine sheets
and educate the site workers to eliminate handover problems;

e Implement Kanban to raise the schedule control;
e Reduce waiting time between processes to the level shown on the future state map;

e Establish supermarket-based pull flow in the whole process with the consideration
of standardized production processes;

e Involve client in the process to have the just in time levels of both input and output
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The expected results for the industry after this piece of research and analysis of the
application of lean production techniques to produce blasting and coating can be deduced.
The analysis of production data from the workshop that adopted the pull schedule showed
that the duration of production had a slight reduction, but that the delivery rates have
increased dramatically. The delivery rate during the same measurement period has
increased to 76.5%, 54% of the primer and third coating system respectively.

5 CONCLUSION

The applicability of lean production techniques in the blasting and coating industry has
been presented, with the aim of improving the production process efficiency. First, VSM
has been used as the primary tool to identify process wastes, and the present and future
maps have been developed, as well as an analysis of the estimated results of the application
in the workshop. Second, as an example of the application of the methodology, a plan has
been developed to implement it in three months, structured in several steps.

The key issues derived from the proposed methodology, those that can be considerably
improved by its application, are the inventory reduction, the appropriate schedule
management, and elimination of the waiting time. These problems, which were presented
in this case study can be considered as the key for the extrapolation of the proposed
methodology and the expected results to other process industries.

It should be noted that due to the rising recognition of offsite construction and
prefabrication in the construction industry, this study provides useful insights into the use
of VSM in determining the scheduling of offsite construction and prefabrication due to its
repetitive nature. It is recommended that future studies should focus on generalizing the
use of VSM in the construction industry by also considering non-repetitive and non-typical
activities.
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