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ABSTRACT. This study discusses the status of engineering modeling and simulation (Eng.
MES) use in Korea, and the effects of Eng. MES. Eng. M&S is an important technology
in the 4Jth Industrial Revolution. Nevertheless, Eng. ME&S has not been used actively
and fully in Korea because of the high costs of MES software and hardware and a lack of
experts in the field. To increase the use of Eng. ME€S in Korea, the effects of Eng. M&S
must be strengthened: important aspects include quality of products, cost reduction, time
savings, and manpower reduction. Policy alternatives to erpand the utilization of Eng.
MES must also be developed.

Keywords: Engineering modeling and simulation, Survey analysis, Benefits of adoption,
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1. Introduction. The onset of the 4" Industrial Revolution has moved the focus of
industry from manufacturing to information and communications technology (ICT) and
service. As a result, the entire manufacturing industry requires innovation such as links
to information and ICT. Engineering modeling and simulation (Eng. M&S) has become
increasingly important as the development of high-performance computing (HPC) and
engineering software has accelerated the change in manufacturing. Moreover, Eng. M&S
has become a core next-generation technology together with such fields as artificial intel-
ligence (Al), Internet of things (IoT) and robotics [1,2]. The proportion of manufacturing
in Korea’s GDP and total export value is very high, but manufacturing in Korea has
decreased since the 2000s [2]. To reverse this trend, Korea must revolutionize its manu-
facturing industry by developing and utilizing Eng. M&S. However, in reality, Eng. M&S
has not been studied deeply and systematically. Therefore, this paper has academic sig-
nificance in considering Eng. M&S as a single subject. Moreover, this study evaluates
Eng. M&S as the key technology for manufacturing innovation and mainly discusses the
status and effects of Eng. M&S utilization. Section 2 explains the concept of Eng. M&S
and its functions in the 4" Industrial Revolution. Section 3 presents the research method
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and the contents of surveys. Section 4 discusses the results of the empirical study. Section
5 concludes the paper.

2. Literature Review. The 4" Industrial Revolution is a change in the manufacturing
paradigm to ward integrating ICT into the manufacturing process. This paradigm aims
to combine technology from all sectors and to erase physical and biological boundaries [3].
Eng. M&S, especially during the product design phase, will contribute to manufacturing
innovation. Eng. M&S is a kind of M&S that sets limits on manufacturing engineer-
ing and mainly includes the fields of computer-aided design (CAD) and computer-aided
engineering (CAE) [4,5].

Eng. M&S can reduce time and costs of product development by conducting virtual
experiments, and consequently could increase the efficiency of the development stage and
improve product quality. Thus, Eng. M&S could be regarded as a type of “process
innovation”, but in the aspect of innovation characteristics, Eng. M&S is also a type of
“incremental innovation” because it applies process innovation to gradually innovating
products or production processes [6].

M&S as a single technology is positioned in the front of the ‘smile curve’ to generate
higher value added than production and assembly [7,8]. Moreover, the development of
Eng. M&S would increase the value added by the manufacturing process in the short term,
and advance the whole process in the long term by increasing the possibility of solving
analysis problems in product and process design. Thus, Eng. M&S would ultimately
increase the entire value added in manufacturing by moving up the whole smile curve.
Many manufacturing enterprises could adopt Eng. M&S; as a result, Eng. M&S would
arouse a big change in current technology and market. In this context, Eng. M&S can be
seen as a “disruptive technology” to destroy the currently-dominant design, development
and production technologies or systems in manufacturing [9,10].

3. Method. This study consisted of two surveys (Figure 1), one in 2014 and one in
2016, to quantify the utilization and effects of Eng. M&S in Korea. The survey in 2014
considered 500 small and medium enterprises (SMEs) amongst 3,000 manufacturing SMEs
that have a high possibility of using HPC. The survey used the focused phone and email
survey method. This survey included questions about annual sales, experience in using
Eng. M&S, possession of specialized R&D team, tools used to perform Eng. M&S, and
obstacles to use Eng. M&S (Table 1).

The survey in 2016 focused on 30 SMEs that had been supported from 2014 to 2016 by
the “Supercomputing Simulation and Modeling Project” of the Korea Institute of Science
and Technology Information (KISTI). The survey method was the same as in 2014. The
purpose of the second survey was to identify the practical effects of applying Eng. M&S
to real manufacturing processes. The subjects were asked questions about annual sales,

Empirical Research Result Analysis Policy Implications
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FiGURE 1. Flowchart of research method
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TABLE 1. The contents of survey questionnaire

Classification The use of Eng. M&S The effect of Eng. M&S
General Annual sales, Possession of R&D | Annual sales, Main field of
information specialized team business
Experience on using Eng. M&S,
Utilization Tools used in performing Eng. N/A
of Eng. M&S M&S, Obstacle factors in using
Eng. M&S

Effects of performing Eng. M&S,
Expected effect | Increase in annual sales through | Sale increase, Export increase,
of Eng. M&S using Eng. M&S, The amount of | Recruitment of new employees
increase in annual sales

Effect of manpower reduction,
N/A cost reduction, and time sav-
ings

Reduction effect
of Eng. M&S

increase in annual sales and export, recruitment of new employees, effect of manpower
reduction, cost reduction, and time savings (Table 1).

The collected data from both surveys were analyzed. First, the results of empirical
research were identified by using frequency analysis, cross-tabulation, descriptive statistics
and analysis of mean differences. Then, policy implications were identified by focusing on
the problems.

4. Results Analysis of the Survey.

4.1. Status of Eng. M&S use. The first goal of this research was to determine whether
the SMEs sampled have experience using Eng. M&S. Of the 500 SMEs surveyed, 42%
(210) had used Eng. M&S (Figure 2). This proportion is lower than the 57.3% of man-
ufacturing companies that use engineering software in U.S. [11]. Furthermore, 42% does
not mean high utilization, because having experience using Eng. M&S is not the same as
using it continuously.

The rate of Eng. M&S use shows increases with firm size (Figure 2). In enterprises
that have fewer than 5 billion won of annual sales, the proportion of Eng. M&S use is the
lowest (32.8%), whereas firms that have over 100 billion won have the highest proportion
(51.7%). This trend occurs because Eng. M&S needs high-priced software and hardware,
as well as highly-skilled experts to understand and use the software; as a result, the ability
to perform Eng. M&S decreases as firm size decreases.

290

More than 100 billion _ 48.3%
50 billion ~ 100 billion | GRS 55.6%
10 billion ~ 50 bilion [N 59.7%

5 billion ~ 10 billion  |NEGESENNN 59.7%
Less than 5 billion _ 67.2%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

210

Experience in No experience

using M&S  in using M&S ® Experience in using M&S = No experience in using M&S

FiGURE 2. The status of experience on using M&S
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Of the SMEs surveyed, 419 (83.8%) had a specialized R&D team, while 81 (16.2%) of
the SMEs did not (Table 2). Moreover, SMEs that had such a team showed a significantly
(p < 0.05) higher proportion of Eng. M&S utilization than SMEs that lacked one. SMEs
with having a specialized R&D team are more likely to be equipped with Eng. M&S
experts, hardware, and software; as a result, they show a higher rate of using Eng. M&S.

TABLE 2. Cross-tabulation of possession of an R&D team with experience
in using M&S

Experience in | Possession of an R&D team (%) 5
using M&S Yes No Total X p
Yes 197 (93.8) 13 (6.2) 210 (42.0)
No 222 (76.6) 68 (23.4) 290 (58.0) | 20-721 000

The level of Eng. M&S use was identified by asking which software tools the SMEs
used in Eng. M&S (Figure 3). The highest usage was of CAD/CAM (53.3%) followed
by product design software (23.1%), and CAE software (19.6%). This result shows that
domestic SMEs still focus on using CAD/CAM for design of products or production; few
SMEs use simulation, which is considered to be more complicated and important part of
M&S than product design.

60.0%
53.3%

50.0%
40.0%

30.0%
23.1%
19.6%
20.0%

10.0%
4.1%

0.0% s
CAD/CAM CAE Product design Others

FiGUurE 3. Tools used in performing Eng. M&S

The 2014 survey identified general effects of using Eng. M&S as follows (Figure 4): new
product development (32% of SMEs), time reduction in production (23%), product quality
improvement (20%), and cost reduction of production (16%). Some negative factors that
hinder adoption of Eng. M&S were also identified. In SMEs that had experience using
Eng. M&S, these were high cost of software (38.5%), lack of experts (36.5%), high cost
of hardware (11.5%), and lack of internal support and awareness (6.3%). In SMEs with
no experience of Eng. M&S usage, factors that hindered its use were (Figure 5): no need
(42.2%), lack of awareness of the resource (22.9%), lack of experts (19%), high cost of
software (12.1%) and insufficient hardware (3.9%).

4.2. The effects of Eng. M&S. This section describes the practical effects of using Eng.
M&S in manufacturing field; these results were obtained in the 2016 survey of Eng. M&S
effects by focusing on enterprises that were supported by the KISTI’s Supercomputing
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FIGURE 4. Advantages of adopting Eng. M&S
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FI1GURE 5. Reasons for not adopting Eng. M&S

Simulation and Modeling Project from 2014 to 2016. First, the practical effects on sales
increase, export increase, and recruitment of new employees were quantified (Table 2).
On average, annual sales increased by 2.4 billion Won, exports increased by 14 billion
Won, and only 1.8 new employees were recruited.

Also, Eng. M&S reduces the need for manpower, the expense and time required to
develop new products (Table 3). Specifically, the number of workers needed during the
development process was reduced from 3.3 to 1.3 (Table 4). Development cost decreased
from 110 million won to 25 million won on average while development time decreased
from 1,422.5 hours to 362.9 hours. As a result, on average, use of Eng. M&S reduced the
number of employees by two, decreased costs by 86 million won, and reduced development
time by 1,079.6h (Table 4).

4.3. Policy implications. These analyses demonstrate that Eng. M&S has not been
used widely and appropriately in manufacturing sites, despite its beneficial effects. The
main impediments to adoption of Eng. M&S are that the software is expensive, purchase
cost of hardware and management is high, and experts are not available. This section
suggests five tactics to increase the use of Eng. M&S and to improve the effects of it.
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TABLE 3. Practical effect of using Eng. M&S (n = 30)

Criterion

Ave.

S. D.

Max.

Min.

Sale increase
(thousand won)
Export increase
(thousand won)
Recruitment of
new employees

2,440,423

14,204,200 2,153,162 20,000,000

1.8

852,447

0.9

3

10,000,000 1,000,000

500,000

0

TABLE 4. Reduction effect of using Eng. M&S (n = 30)

Mean Manpower  Mean Cost  Mean Time
Measure
(person) (won) (hour)
Before using M&S 3.3 111,113,333.3 1,442.5
After using M&S 1.3 24,712,666.7 362.9
Difference 2.0 86,400,666.6 1,079.6

(1) Current Eng. M&S software is expensive and foreign-made. This problem could be
relieved by developing Eng. M&S software in Korea,; if it is less expensive and has quality
that is higher than or equal to foreign-made M&S software, then Korean-made Eng.
M&S software would be easy to disseminate. To construct industrial infrastructure while
focusing on domestic software development, the government should provide financial and
policy support to domestic M&S software businesses to support technology development
[12]. Furthermore, development and release of open source-based Eng. M&S software
would be a beneficial alternative for domestic manufacturing businesses.

(2) Eng. M&S hardware is expensive to purchase and to maintain. To replace the
high-priced hardware, the role of the public sector should be strengthened by providing
HPC and Cloud-like services to manufacturing companies [2]. This tactic would also
increase the rate of Eng. M&S use if cloud service based on HPC was combined with
open source-based Eng. M&S software.

(3) To remedy the shortage of skilled Eng. M&S experts, more should be trained.
This goal can be met by training top-level talents and high-quality graduates in a well-
systematized university education that reflects the real field of manufacturing. Also,
because the ability of existing experts engaged in Eng. M&S should be strengthened, var-
ious training programs should be developed and educational support should be expanded
and improved, especially aimed at these experts.

(4) The government should expand and reinforce specialized projects to support Eng.
M&S. To be specific, desirable alternatives for SMEs include providing Eng. M&S ex-
perts, technical support and infrastructure needed for conducting Eng. M&S. Also those
alternatives should be applied in combination according to the SMEs’ needs. Further-
more, SMEs that do not use Eng. M&S should be informed of it and encouraged to adopt
it.

(5) To increase the use of Eng. M&S, its important effects in manufacturing devel-
opment should be emphasized systematically and vigorously. Provision of information is
extremely useful in the knowledge service industry based on manufacturing industry [13].
Feasible methods to disseminate this knowledge include public relations through mass
media, direct advertisement aimed at manufacturing businesses and seminars.

5. Conclusions. This study has reported results of two surveys that were intended to
identify the prevalence of Eng. M&S and to verify its effects. The goal of this paper was to
suggest ways to increase its use in domestic manufacturing SMEs. Despite the increasing
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importance of Eng. M&S at the onset of the 4" industrial revolution, the utilization of
Eng. M&S in the manufacturing field is not high in Korea. Furthermore, adoption of
Eng. M&S is impeded by several factors such as high cost of software and hardware,
and lack of experts. Thus, to improve the beneficial effects of Eng. M&S (e.g., improved
quality of products, reduction in costs, and savings in time, and reduction in manpower),
policy alternatives are required: supporting development of domestic Eng. M&S software
and providing hardware infrastructure service, supporting use of Eng. M&S by SMEs,
training of Eng. M&S experts, and publicizing the importance and benefits of Eng. M&S.

We assert that Korea should develop and utilize advanced technologies to strengthen
traditional and advanced manufacturing. However, this study has the limitations: the
two surveys were conducted independently with totally-separate subjects during different
period, and that the contents of Eng. M&S effects were not objectively measured. Thus,
future studies are needed to further improve the reliability of surveys about Eng. M&S
effects: future surveys should increase the sample size and expand the sample target to
general manufacturing businesses.
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