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Productivity improvement in the steel industry is pivotal to
achieving competiveness that stimulate the economic growth of a
country. In the past decade, the steel shaft manufacturing industry
has experienced low productivity rates, making it difficult to
compete at a global level. In light of this, the aim of this research
study is to investigate the various process wastes and bottlenecks
that limit the productivity progression of a steel shaft
manufacturing environment, using integrated value stream mapping
and system simulation methodologies. Data captured through the
system observation of the shaft manufacturing process of a steel
company was used to map and simulate the system. The results of
the current state mapping of the steel shaft manufacturing
environment revealed the various process wastes present in this
system. The result of the simulation of the system revealed that the
system bottlenecks were the saw master and milling stations. The
strategic interventions in the saw master and milling stations
improved these stations throughput from 959 to 1 218 (27%) and 624
to 1 003 (60.74%) components respectively. The work-in-progress
components generated in the entire system after the strategic
interventions reduced from 415 to 17.

OPSOMMING

Produksieverbetering in die staalindustrie is deurslaggewend om
mededingendheid te behaal wat die ekonomie van 'n land stimuleer.
In die afgelope dekade het die staal as vervaardigingindustrie lae
produktiwiteit ervaar en dit maak dit moeilik om internasionaal mee
te ding. Die doel van hierdie navorsing is om verskeie proses
vermorsing en bottelnekke wat produksie beperk te ondersoek deur
van geintegreerde waardestroomkartering en stelsel simulasie
metodologieé gebruik te maak. Data waargeneem in die as
vervaardigingsproses van 'n staal maatskappy is gebruik om die
stelsel te karteer en te simuleer. Die resultate van die huidige
toestand kartering het verskeie proses vermorsings blootgestel. Die
simulasie resultaat het getoon dat die proses-bottelnekke die
meestersaag en die vreesmasjien stasie is. Strategiese ingrypings by
die twee bottelnekke het die deurset onderskeidelik verhoog van
959 na 1218 (27%) en van 624 na 1003 (60.74%) komponente. Die
werk-in-proses komponente in die algehele sisteem na die
strategiese ingryping het verminder van 415 na 17.

1 INTRODUCTION

Productivity improvement in a manufacturing setting involves the efficient use of resources — such
as human resources, machinery, material, finance, technology, management, layout, and location
([11, [21, [3], [4]) — and also significantly contributes to the competitiveness and profitability of an
organisation. Productivity improvement in the steel industry contributes to the gross domestic
product (GDP) and enhances job creation, thus improving the standard of living in a country. The
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steel manufacturing industry contributes 17 per cent of the GDP generated in South Africa [5].
Optimising productivity in a steel shaft manufacturing environment will enable the industry to
compete in the global market in terms of quality, operations cost, and delivery, thus leading to the
efficient use of resources and the reduction of inventories generated in the manufacturing system
([6], [7]1).- The productivity rate in the steel shaft manufacturing industry remains low, which thus
lowers the competitiveness of these industries ([8], [9]). Low productivity results in: (1) increased
unemployment, (2) an inability to meet local and export market demands, (3) a lower profit
generation, and (4) a decline in the growth of the organisation. Despite government intervention in
supporting the local industry through increased import tariffs, the industry remained in decline. The
complexity of manufacturing processes makes it difficult to pinpoint the factors contributing to
productivity drawbacks. Because of this, the industry experiences massive retrenchment and is
unable to create new jobs. According to Marsillac and Roh [3], a number of internal factors that
could contribute to low productivity include: human resource deficiencies (due to lack of skills,
training, and knowledge); machine resource deficiencies (due to equipment running below its
technical specifications); finance deficiencies (due to an inability to meet day-to-day operational
obligations); a material resource deficiency (due to delays in delivery and low quality); a location
deficiency (due to poor positioning for customers); a layout deficiency (due to the improper
arrangement of machines within the facility and of the flow of work); a technological deficiency
(not being innovative); and a management deficiency (lack of communication and support for
employees). In the light of this, the continuous monitoring and improvement of human, material,
and financial resources is necessary, with a view to preventing such deficiencies and suggesting
solutions to them, if they are present in the steel shaft manufacturing industry. Existing studies on
productivity improvement have focused their efforts on the application of lean techniques, the
‘DMAIC’ (define, measure, analyse, improve, and control) problem-solving methodology, business
process re-engineering (BPR), business process management (effective and efficient manufacturing
processes that encourage innovation and technology), work studies, the theory of constraints, total
quality management (TQM), linear and non-linear programming, data enveloping analysis (DEA),
fuzzy analytic hierarchy process (FAHP), and simulation.

However, harnessing the potential of two or more of these industrial engineering tools to improve
productivity has not been fully explored in the literature. In the light of this, the study seeks to
integrate simulation and value stream mapping (VSM) in order to: (1) visualise the various process
wastes and bottlenecks that limit the performance of a steel shaft manufacturing environment; and
(2) suggest sustainable manufacturing system strategies that will improve the productivity of this
environment. The sections following this introduction are the literature review, the methodology
and case study analysis of a steel shaft manufacturing environment, the results of current and future
states of simulation and mapping of a steel shaft manufacturing environment, and the conclusion.

2 LITERATURE REVIEW

Numerous studies have been carried out on the application of lean ([10], [11], [12], [13], [14], [15],
[16], [17], [18], [19], [20]) and system simulation ([21], [21], [23], [24], [25], [26], [27], [28], [29])
to improve the productivity of various manufacturing sectors such as aerospace, automotive, steel,
telecommunication, food, pharmaceutical, rope, metal, and instrumentation. Although several
studies have been conducted on the use of either VSM or simulation techniques with a view to
improving the productivity of various manufacturing industries, no study in the literature has
examined the integration of simulation and VSM in improving productivity in a steel shaft
manufacturing environment. Gurumurthy and Kodali [11], Rasi et al. [12], and Helleno et al. [13]
emphasised the need to integrate VSM and simulation to deal with low productivity in a
manufacturing environment. The paper by Rohani and Zahraee [30] also recommended that further
investigation be conducted to incorporate VSM and computer simulation software for process waste
elimination and production throughput improvement. Therefore, simulation could be used as a
subordinate and pivotal decision-making and risk-analysis tool to VSM, to determine a suitable
manufacturing system configuration that will optimise the productivity of an organisation.

3 RESEARCH METHODOLOGY

Figure 1 shows an overview of the approach used to resolve a low productivity rate in a steel shaft
manufacturing environment.
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Figure 1: Overview of the product development procedure

The case study considered in this research work is a steel shaft manufacturing environment
producing shafts. The process of manufacturing steel shafts involves: (i) cutting steel rods into
various sizes, based on customer specifications, using a cutting machine, (ii) machining the cut steel
workpieces using a CNC machine, (iii) threading and slotting the machine steel work piece using
Herbert and milling machines, and (iv) inspecting the steel shaft product using GO/No GO gauges
and vernier callipers for quality, as shown in Figure 2.
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Figure 2: Process flow for threaded step shaft

Figure 3 depicts a typical turning process carried out during the conversion of a solid round bar into
a thread step shaft. In this process, six workstations are required to execute a single work part.
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Figure 3: Threaded step shaft manufacturing

The manufacturing environment works on an eight-hour shift that includes a one-hour break for
lunch. Data collection was undertaken in the manufacturing plant through system observation of the
process for a period of one month. Other useful information was obtained via expert opinion (i.e.,
the production manager). The various types of data collected through these approaches included
the customer demand data, the machines’ processing time data, the work-in-progress (WIP)
inventory data, defective data, and motion and transportation data. The average cycle time and
average customer demand during the period investigated was used to model and simulate the
behaviour of the steel manufacturing system. The detailed discussion of the various steps used to
carry out the system observation (I to VI) and model development (VII to Xll) during the course of
the study are presented in Table 1.
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Table 1: Step-by-step procedure for system observation and SIMIO® model development

System observation

| Over a period of three months, the operating conditions of machines used in a steel shaft
manufacturing environment — such as saw master, CNC, and Herbert and milling — were studied

Il The authors focused on the capturing of the processing time used to produce the customer orders

Il Considered steel rod (20 mm diameter) was supplied to the saw master

IV Data was taken at the beginning of every machine operation carried out in this manufacturing
environment

V A stopwatch was used to record the processing time of each machine used on the manufacturing floor

VI Defects in the manufacturing process were also recorded and manually counted during the process

SIMIO® model development

VIl The data acquired from the system observation was used to model the behaviour of the system using
the library tools (source, server, sink, and path connection) of the SIMIO® software

VIl The number of units required, and the off-cuts, shavings and shaft rejects, also formed part of the
input into the SIMIO® model

IX  After the simulation run, the overall throughput of parts or components that were processed in the
system, and those that exited the system from each workstation, was recorded

X Resource use and the idling time (i.e., workstation time starved) of each machine used on the floor
space were estimated

XI  Bottlenecks were analysed, based on the simulation results

XII' Adding subordinate and cost-effective machines was proposed in the study with a view to improving
the productivity

The simulation of this system was conducted using SIMIO® discrete event simulation software. The
following assumptions were made during the simulation:

. Assume that the material used in the manufacturing of the shafts is within the correct
specifications from the supplier.

. Assume that the operators of the manufacturing systems are trained and qualified to do quality
inspection.

The bottlenecked station(s) limiting the performance of the system, and the machines’ performance
use, became clear from the system simulation results. The results obtained from the simulation, the
average WIP inventory data, the average defective data, and the average motion and transportation
data were used to compute the VSM of the current state of the system. The various process wastes
present in the steel manufacturing environment became apparent from the current VSM results.

Suitable strategies capable of exploiting and alleviating the bottlenecks and process wastes present
in the system were proposed and evaluated in the improved simulation model and future state VSM
constructed during the course of the study. A comprehensive flow-chart methodology, which
unveiled the various research activities carried out in achieving the aim of the study, is depicted in
Figure 4.

4  RESEARCH STUDY RESULTS

4.1 Presentation of system observation data

Table 2 presents the average values of the data for the machine processing time, the motion time,
the transportation distance, the defects of the parts, and the shaft demand, observed from a South
African manufacturing environment over a period of one month. The data for items A, D, and E in
Table 2 was used to model the system of a steel shaft manufacturing environment using SIMIO®
software in order to assess the performance of this system. The data for items B and C was used as
inputs into the VSM of the current state, together with the results from the simulation.
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Figure 4: Flow chart of the research methodology

Table 2: System observation and historical data from a steel shaft manufacturing environment

Observation data description Warehouse Sawing  CNC Herbert Milling  Store

A. Processing time - 30 sec 20sec 28 sec 46 sec

B. Motion times 22 trips 17 trips 19 13 trips  28trips 24
trips trips

C. Transportation distance for each 227 m 193 m 224 m 173 m 161 m 245 m

workstation

D. Defect on parts 0 27 0 0 38 0

E. Shaft demand 1 210 shafts
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4.2 Simulation model and analysis of the current state of a South African steel shaft
manufacturing environment

Figure 5 depicts the simulation model of the steel shaft manufacturing environment used to produce
shaft products.
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Figure 5: Current observed steel shaft manufacturing model in SIMIO®

The simulation results of the model revealed that, of the 1 210 steel rods (i.e., raw materials) to be
machined a day, only 959 were processed to produce the steel shafts. This implies that 251
components were not processed on a particular day (Table 3). Nine hundred and fifty nine cut steel
pieces exited the cutting station; 932 were machined in CNC, and 787 threaded steel components
and 624 milled steel components were processed, as shown in Table 3. Furthermore, the CNC and
Herbert machines were under-used, with efficiency levels of 64.1 per cent and 76.54 per cent
respectively.

Table 3: SIMIO® throughput results before intervention in the steel shaft manufacturing

process
Throughput Sawing CNC Herbert  Milling
Entered 1210 932 788 787
Exited 959 932 787 624

Resource state 99.98% 64.51% 76.54% 99.72%
Time starved 0.02% 33.49% 23.46% 0.28%

The number of unprocessed steel components lies in the saw master and milling stations, which have
caused bottlenecked stations because of the high number of WIP. The total number of WIP in the
entire system was 415 components. Apart from system modelling and simulation of this steel shaft
manufacturing environment, VSM was conducted on the manufacturing system using the results
obtained from the simulation model and other historical data obtained from the production manager
of this steel shaft manufacturing environment. This activity was conducted to identify and visualise
the value-adding and non-value-adding activities in the supplier, input, process, output, and
customer (SIPOC) process of this manufacturing environment. Furthermore, the VSM was developed
to outline the material flow and the WIP inventories generated at various stations of the steel shaft
manufacturing environment.

The next section analyses the current state VSM of the steel shaft manufacturing environment.

4.3 Value stream mapping and analyses of the current state of a South African steel shaft
manufacturing environment

The VSM of the current manufacturing process of the steel shaft manufacturing environment is
depicted in Figure 6. Based on this, the cumulative production lead time and processing time for
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the steel shaft manufacturing process is 8642.98 seconds and 154 seconds respectively. The takt
time of the process, obtained using eqn (1), is 23.8 seconds.

te =~ (M

where takt time is represented by t,, while effective time is denoted by t., and daily demand is
denoted by j.

Since the takt time for each shaft is about 5.5 times and 363 times of the processing time and
cumulative lead time respectively, it can be inferred that the current manufacturing process is not
capable of meeting customer demand. Furthermore, from Figure 6, the average WIP and defects
generated daily in front of the different workstations (i.e., the warehouse, saw master, CNC,
Herbert, milling, and inspection workstations) are 251, 0, 1, 163, 0, 0; and O, 27, 0, O, 38, 0;
respectively.

The cost of poor quality in the steel shaft manufacturing system is incurred due to nonconformity or
failure of the shaft component produced. The financial impact of poor quality needs to be mentioned
to highlight the consequence of poor quality or of allowing defects to be the norm in production
processes. The defective shafts produced in the cutting and milling section are placed in the
rejection bin and sold to scrap dealers at low prices. Table 4 illustrates the various costs incurred
during the shaft production process, and the scrap cost for each defective component produced at
the different workstations of this system.

Table 4: Cost of poor quality in steel shaft manufacturing

Cost Description
Material R13.35/kg -
Labour cost R45/hour 9 employees
Processing cost R119/hour (energy +

lubrication)
Scrap value 032.55/kg

The cost of poor quality at the various workstations is calculated using eqns (2) to (4).

Cost of poor quality = (N X Pc) + Sg + Tcjws (2)
Pe= Lo x Pr (3)
Tcyws = DRys x T¢ 4)

where N, Pr and Pg, L¢, Sg, Tcyws and Tc and DRys represent the number of defective components
generated per workstation, the total processing time (in hours) and cost incurred to produce the
defective components, the labour cost per hour, the scrap recovery cost, and the cost required to
transport the defective components generated per workstation and the total defective components
to the scrap processing centre, and the defect ratio per workstation.

Since 65 defective components were produced in the sawing and milling stations, the T, (obtained
using the freight classification system) required to transport the defects to the scrap processing
centre is given as R831.

The T,y s for the sawing and milling workstations is R349 and R482 respectively. Therefore the cost
of poor quality in the steel shaft manufacturing system incurred due to nonconformity at the sawing
and milling workstations, obtained using equations (2) to (4), is R2 259.34 and R3 214.58
respectively.
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Figure 6: Current observed steel shaft manufacturing model in SIMIO®
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The current layout of the steel shaft manufacturing facility reflects a haphazard flow of WIP
products, thus increasing the production cycle time. From the current layout design structure, the
WIP generated in saw master, CNC, Herbert, and milling is temporarily stored in a bin located far
from these stations, as indicated in Figure 7. Furthermore, in this layout, the operator responsible
for the saw master is required to take materials (i.e., WIP products) to and fro from CNC, which
causes unnecessary movements and results in a total distance of 1 223 metres covered during the
shaft manufacturing operations. The operator from the CNC is required to perform similar
movements to and fro from Herbert. The operator from Herbert is required to move threaded shafts
to milling for final slotting, and move the remaining components to the WIP. Finally, the components
are inspected before being transported from the milling station to the packing section, which is also
positioned far from the milling station.

Based on the current layout design of this steel shaft manufacturing facility, the average motions
exhibited by workers each day, and the transport distance covered between the workstations, is 22
trips, 17 trips, 19 trips, 13 trips, 28 trips, 24 trips and 227 m, 193 m, 224 m, 173 m, 161 m, and 245
m respectively. These excessive motions and transport distances occurring in the different
workstations of this steel shaft manufacturing system resulted in a maximum production time loss
of about 162 seconds, 138 seconds, 160 seconds, 124 seconds, 115 seconds, and 175 seconds
respectively, assuming that each worker moves to a different destination of interest at the rate of
1.4 m/s.

It could be inferred that various process wastes, such as WIP, defects, and excessive motions and
transport, are present in this steel shaft manufacturing system. An opportunity exists to reconfigure
the existing process with the aim of (1) exploiting and alleviating the bottlenecked stations, (2)
eliminating the various process wastes present in this steel shaft manufacturing system, and (3)
reducing the cumulative production lead time of this system. The next section thus presents the
simulation model and analysis of the reconfigured system of the steel shaft manufacturing process.
It also outlines the improvements made after the strategic interventions carried out on the steel
shaft manufacturing system.
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Figure 7: Current layout of the steel shaft manufacturing facility

4.4 Simulation model and analysis of an improved South African steel shaft manufacturing
environment

In order to alleviate the bottlenecked stations and eliminate the process wastes present in the steel
shaft manufacturing environment, the introduction of a subordinate saw master and milling machine
to complement the existing machines was proposed by the researcher. The simulation results of the
model (Figure 8) revealed that, out of 1 210 steel rods (i.e., the raw materials) to be machined per
day, 1 193 were processed by the two saw masters to produce the required steel shaft components.
This implies that around 17 components were not processed on a particular day (Table 4).
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Figure 8: Simulated model of the improved process of steel shaft manufacturing in SIMIO®

Table 5: Improved throughput results after intervention in the manufacturing process

Throughput Saw 1 Saw 2 CNC Herbert  Milling 1 Milling 2
Entered 719 479 1168 997 615 379
Exited 719 474 1168 997 615 379
Utilisation efficiency 74.9% 99.9% 81.11% 96.98 98.37 91.04%
Starved 23.1% 0.01% 18.89% 3.02% 1.63% 8.96%

One thousand, one hundred and ninety-eight cut steel pieces exited the cutting station; 1 168 were
machined in CNC, and 997 threaded steel components and 994 milled steel components were
processed at the Herbert machine and the two milling machines respectively, as illustrated in Table
5. Only three WIP steel pieces were unprocessed by the milling machines.

4.5 Design and analysis of an improved facility system for a South African steel shaft
manufacturing environment

The new layout design of the steel shaft manufacturing system, in which design focused on the
strategic re-arrangement of various workstations and other accessories with a view to reducing the
production cycle time, is depicted in Figure 9.
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Figure 9: Improved facility layout of the steel shaft manufacturing system

The layout design also concentrates on achieving (1) the uniform and strategic flow of raw materials,
and (2) the minimum number of trips and shorter transportation distances used by the operators of
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different workstations to produce the shafts. A U-shaped facility layout design and a pull strategy,
which ensure (1) the minimum distance between various workstation positions responsible for shaft
production, and (2) the release of the exact WIP products demanded by various workstations, were
proposed for this manufacturing environment. Based on this new facility layout design, the number
of motions exhibited by the workers each day, and the transportation distance covered between the
warehouse, the sawmaster, CNC, Herbert, milling, and packing during shaft manufacturing are 12,
11, 8, 7, 13, 14, and 123 m, 104 m, 149 m, 86 m, 93 m, and 106 m respectively.

4.5.1 Effect of layout rearrangement on the productivity of the steel shaft manufacturing
environment

The total time saved (TTS) by rearranging the workstations to minimise the motions and transport
needed by the workers during steel shaft manufacturing is calculated using Equation 5.

Dnew—Dcurren
TTS = Tt X (Mypew — Mcyrrent) (5)

where

Dnew = the new distance between two relative workstations owing to the layout rearrangement
Dcurrent = the current distance between two relative workstations before the layout rearrangement
Mnew = the number of motions exhibited by the workers during steel shaft manufacturing in the
improved facility layout

Mcurrent = the number of motions exhibited by the workers during steel shaft manufacturing in the
current facility layout

W = walking speed of the worker during steel shaft manufacturing

The walking speed used to calculate the TTS is 1.4 meters per second (m/s), as stipulated by Wagnild
and Wall-Scheffler [31]. The result of the total time saved owing to layout rearrangement, and
calculated using Equation 5, is depicted in Table 6.

Table 6: Time saved between workstations due to facility layout rearrangement

Station where time was saved owing to layout Time saved
rearrangement (seconds)
Warehouse — saw master 750

Saw master — CNC 512

CNC — Herbert 594

Herbert — milling 378

Milling — inspection and packaging 735

Packaging — storage 1000

Hence the time saved between these workstations (depicted in Table 6), of 750 seconds, 512
seconds, 594 seconds, 378 seconds, and 735 seconds respectively, was used in the processing of raw
materials and WIP units generated at these workstations. The number of additional units of raw
material and WIP units processed (N) at these workstations using the TTS from the layout
rearrangement is calculated using Equation 6.

TTS

N= (6)

~ work station processing time/unit

The results of the number of additional units of raw material and WIP processed in each of the
workstations using Equation 6 is presented in Table 7.

Table 7: Additional units based on time saved

Workstation Number of additional units processed
Saw master 25

CNC 26

Herbert 22

Milling 9

Inspection and packaging 25

The results in Table 7 show that the additional throughput produced at the saw master, CNC
machine, Herbert, and inspection/packaging owing to the rearranged layout increased by between
22 and 26 units, while the milling machine throughput increased by nine units.
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The number of raw materials and WIP units (T) processed in each workstation are calculated using
Equation 7.

T =P _sm + Py (7)

where,
P;_¢, = Initial throughput owing to addition of subordinate machine
P, = Production throughput owing to layout rearrangement

The number of raw materials and WIP units processed in each workstation owing to the addition of
the subordinate machines to the existing steel shaft manufacturing system, and the rearrangement
of the layout, is presented in Table 8.

Table 8: Total throughput of the workstation

Work station Total throughput of the workstation
Saw master 1218
CNC 1194
Herbert 1019
Milling 1003
Inspection and packaging 1019

In the light of these results, it can be inferred that 1 019 steel shafts will be produced out of a
customer’s order for 1 210 steel shafts if the proposed interventions in the study are implemented
in this manufacturing environment.

4.6 Root causes analysis of WIP defects in a South African steel shaft manufacturing
environment

The root causes analysis of the WIP defects in this South African steel shaft manufacturing
environment was carried out using a fishbone diagram to identify the factors that contributed to the
high number of shaft defects. The result of the fishbone diagram (Figure 10) revealed that the
following factors contributed to the production of WIP product defects: insufficient knowledge and
know-how of the operators, inadequate operator training, failure of the operators to follow standard
operating procedures, use of non-quality (i.e., out of standard specifications) raw material, use of
an inefficient machine maintenance strategy, machine breakdown owing to lack of lubrication and
machine component wear and tear, wrong drawings, wrong and misinterpreted customer demand
specifications, and use of out-of-date techniques.

In order to alleviate these factors, the authors proposed the following remedial measures: regular
training of operators on (1) the correct use of standard operating procedures, and (2) process
planning, analysis, and improvement, as well as the development of preventative and predictive
machine maintenance system.

Material

Lack of knowledge
Use of out of

specification raw

materials

Machine
breakdown

Inadequate training

Failure to follow standard
operation procedure
I NN . I I N .

Wrong drawings

Technology

Inefficient machine
outdated

Wrong maintenance strategy

specifications
Product design

Figure 10: Fishbone diagram depicting the root causes of shaft defects in a South African steel
shaft manufacturing environment
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4.7 Value stream mapping and analysis of the future state of a South African steel shaft
manufacturing environment

The VSM of the current manufacturing process of the steel shaft manufacturing environment is
depicted in Figure 11.

Based on Figure 11, the cumulative production lead time, and the processing time for the steel shaft
manufacturing process are 354.05 and 154 seconds respectively. Furthermore, from Figure 11, the
average WIP and defects generated in front of the different workstations (i.e., warehouse, saw
master, CNC, Herbert, milling, and inspection workstations) each day are 17, 0, 0, 0, 0, 0 and 5, O,
0, 8, 0, 0 respectively. Based on the new facility layout design of this steel shaft manufacturing
system, the average motions and transports exhibited by the workers at different workstations each
day are 12 trips, 11 trips, 8 trips, 7 trips, 13 trips, and 14 trips, and 123 m, 104 m, 149 m, 86 m, 93
m, and 106 m respectively.

4.8 Discussion of the process improvements obtained from the improved steel shaft
manufacturing simulation model and future VSM

The introduction of extra saw master and milling machines to complement the existing machines in
the steel shaft manufacturing system reduced the WIP in the manufacturing process, as shown in
Table 9.

Table 9: The WIP values for the current and future VSM of the steel shaft manufacturing

environment

Current VSM Future VSM
Machine WIP Machine WIP
Saw master 251 Saw master 17
CNC 0 CNC 0
Herbert 1 Herbert 0
Milling 163 Milling 0
Packaging 0 Packaging 0

415 17

Table 10: Motion and transport comparison for the current and the future steel shaft
manufacturing system

Element/Production steps Motion number Distance (metres)
Before  After Before After

Warehouse 22 12 227 123
Saw master 17 11 193 104
CNC 19 8 224 149
Herbert 13 7 173 86
Milling 28 13 161 93
Final testing/packaging 24 14 245 106

The introduction of regular training for operators on (1) the correct use of standard operating
procedures, and (2) process planning, analysis, and improvement, and the development of a
preventative and predictive machine maintenance system in this manufacturing environment,
reduced the defects produced from the saw master and milling machines by 81.48 per cent (from
27 to 5) and 78.95 per cent (38 to 8) respectively (Figure 12).

The redesigned steel shaft manufacturing system reduced the number of motions and transports in
the warehouse, saw master, CNC, Herbert, milling, and packaging workstations, as shown in Table
10. In the light of the interventions to restructure and improve the current steel shaft manufacturing
system, it could be inferred that the production throughput and average machine use increased by
59.29 per cent (from 624 to 994) and 5.19 per cent, while the average WIP waiting time reduced by
5.04 per cent (Figure 13).
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Figure 11: Future state VSM model for steel shaft manufacturing process (Source: Author,

2017)
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Figure 12: Graphic analysis of steel shaft defects
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Figure 13: Waiting and production throughput improvement for threaded steel shaft
manufacturing

5  CONCLUSION

This paper has demonstrated the sequential use of both the SIMIO® discrete event simulator platform
and VSM to identify, map, quantify, alleviate, and eliminate the bottlenecks and process wastes
limiting the productivity of a steel shaft manufacturing environment. The simulation results of the
current steel shaft manufacturing system revealed that the saw master and milling machines are the
bottlenecked workstations. The results of the value stream mapping of the current state of this
manufacturing environment revealed that the various process wastes impeding the productivity of
this organisation are excess WIP products, excessive motions, excessive transport, and defects
generated at various workstations of the steel shaft manufacturing system. Various interventions,
such as (1) the introduction of subordinate saw master and milling machines to complement the
existing machines used in the steel shaft manufacturing system, (2) the restructuring and
rearrangement of the layout of the shaft manufacturing facility, and (3) the introduction of
predictive machine maintenance systems and training for the operators, reduced the average WIP,
average defects, average motions, average transports, and average waiting time of the system by
97.74 per cent, 80.22 per cent, 46.67 per cent, 45.78 per cent, and 5.04 per cent respectively. They
also increased the system productivity throughput and average machine use by 63.30 per cent and
5.19 per cent respectively.
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