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ABSTRACT

This paper researches the training methods to
correctly understand and effectively use VE in design
activities for design engineers in the manufacturing
industry. The viewpoint of the research is to pay
attention to the point that VE is a useful tool for
reinforcing design engineering capabilities and to
examine the training program to improve design
engineers’ consciousness of VE from that point.

INTRODUCTION

In the mamufacturing industry, the product
values, in other words outcomes for functions, costs
and lead time oftentimes depend on the design
engineering capability of design engineers. This is
because the design engineers are upper level decision
makers and most of the product value is determined
at this phase. Therefore, many Japanese corporations
take measures to reinforce these design engineering
capabilities and see the training as one of the
important measures to realize it. Of these training
activities, as engineering technologies such as
mechanics and electronics are determined product
performance, structure and circuit directly, training
is conducted actively.

However, training, on how to make decisions for
product structure and circuits in the design process
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based on what design is intended, is not that active
compared with counterparts in engineering
technology. Actually this kind of training is difficult
because it handles the thinking aspect of design
engineers and design methods, but it is essential for
the value creation of products, the same as the
training of mechanics and electronics.

Thus this paper, based on the assumption that
thinking and methods of design are homogeneous
with VE, studies VE application methods as a
training tool to reinforce design engineering
capabilities from this viewpoint. Promoting the
improvement of design engineers’ consciousness of
VE is also the purpose of this study. As a result, the
research results could be practiced through corporate
training and the training outcomes and future
problems could be obtained.

PROBLEMS OF DATLY DESIGN ACTIVITIES
AND THEIR CAUSES

Design engineers are important decision makers
for product values, i.e. product functions, costs and
lead time. From this important position they conduct
daily design activities, but problems which do not
create values as a result often arise. These problems
are, for example:

(1) The cost objective cannot be achieved.
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(2) Product function cannot be realized.

(3) The lead time for drawing release cannot be
met.

(4) Operability is not good.

(5) Tt is hard to conduct maintenance.

(6) There are problems for safety.

The essential role of design engineers is to create
design specifications which satisfy users” demands.
However, although they recognize the importance of
this role, it is often observed that they could not
prevent the occurrence of problems for values in
reality. As for the causes, the following items can be
pointed out, for instance:

(1) Design engineering capabilities to meet
required specifications are lacking.

(2) They do not understand the viewpoint and
method to reduce costs.

(3) They cannot cope technically with specification
changes.

(4) They lack ideas and do not know how to think.

(3) How to grasp causes of design problems is
unknown.

(6) Location of design information is missing.

VIEWPOINT OF TRAINING
TO SOLVE DESIGN PROBLEMS

Some of the aforementioned causes are problems
for engineering technology, but in most cases they are
problems caused by the design methodology to which
the engineering technology is applied. Design
engineers recognize engineering technology as
technology directly necessary for design and try to
obtain it because if the level of engineering
technology is low or lacking, they soon realize that
they cannot guarantee product value. Meanwhile, it is
possible to proceed with the design project in their
own way even if engineers have not received any
training for design methodology. However, it is not
desirable to proceed in their own way continuously.
This is because the rational mechanism of design
method cannot be actualized and the possibility to
generate thinking error and repetitive trial and error
on design will increase.

What are the current training systems for this
problem? At present there are many courses in design
engineers  curriculum  mainly  engineering
technology. For example, when the training is
oriented to mechanical design engineers, the training
relates to strength of materials, mechanical
dynamics, fluid dynamics, thermodynamics, metallic

materials, mechatronics, lubrication, performance
analysis method, CAD (computer aided design) and
processing and assembly method. Generally these
training curriculum are implemented individually
and it is observed that individual curriculum are not
systematically organized or combined with the aim of
value creation in products.

Here is where the training problems exist. That
is that design engineers cannot synthesize individual
engineering technologies which they have learned.
That, as a result, leaves a high potential to cause
problems such as the above-mentioned thinking
errors and repetitive trial and error. This suggests the
necessity of design methodology training which
rationally synthesizes engineering technology to
achieve design purposes. Thus there is the necessity
to construct useful training system for this design
methodology. In this paper, therefore, the attention
was paid to the VE concept and usefulness of VE job
plan and technique. In other words, it is based on the
assumption that VE and design are homogeneous. It
is set as an axiom that the basics of VE is to handle
functions and the job plan is functional analysis -
synthesis - evaluation and they are the same in the
engineering design.

In this way, if it is based on the assumption that
VE and design are homogeneous, I believe that it is
possible to reinforce design engineering capabilities
by utilizing usefulness of VE as the design
methodology. In addition, design engineers’
consciousness of VE can be improved from there.

DESIGN ENGINEERS’ CONSCIOUSNESS OF VE

If VE is useful for reinforcing design
engineering capabilities of design engineers, it is
necessary to research its effective application
method. To do this, first of all, it is required to
understand design engineers’ consciousness and
impression of VE. For this purpose the questionnaire
conducted upon the completion of VE training
provided by me in the machinery, electric, electronics
and automobile industries, focused on three points -
VE concept, job plan and team design - which are
introduced as follows:

(1) Impression of the VE philosophy and concept
e I could develop how to grasp and see essence
and reality of things.
e Tunderstood the method of thinking about
design.
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¢ Tunderstood design intention and meaning
of structure and shape from functional
analysis.

+ Tunderstood that design means functional
analysis and creation.

(2) Impression of the VE job plan
e VE process is the design process itself.
o lunderstood rationality and efficiency of the
VE step.
e 1 thought that we should also determine the
procedures for the daily design process.

(3) Impression of team design
o [ knew the limitations of individual
conception.
o I knew how great was the synergy of team
conception.
e [ could understand information which other
divisions held.

Those are major impressions of design engineers
for VE. From these answers, it is clear that they
recognize that VE is useful for daily design. On the
contrary, however, it is also the reality that they have
the following problem consciousness:

(1) I cannot conduct VE activities because I am too
busy.

(2) VE is different from daily work.

(3) If VE has an easy and convenient method, it can
be applied.

(4) VE is a method to reduce costs.

From these points, it is understood that their
problem consciousness is concentrated on the
promotion forms of VE activities. Actually it is the
fundamental principle for VE to take the forms of
project activities. Meanwhile daily design activities
are mainly conducted individually. From this aspect,
they recognize the difference. The number of
concurrent design activities increases, but in reality
they are still not many. VE is also considered as a too!
for cost reduction activities and design engineers
recognize that VE is different from daily design
activities

As a background to these, there is the fact that
they do not sufficiently understand the essence of VE.
Therefore, in order to remove design engineers’
problem consciousness of VE, it is probably one way
for them to use VE concept and technology as a tool
to reinforce their own design engineering capabilities

and to deepen their understanding of VE naturally
from this.

DEFINITION QF
DESIGN ENGINEERING CAPABILITY

In the above observation, the necessity to apply
VE as a training tool to reinforce engineering
capability of design engineers is emphasized. And I
am convinced that that is the measure to make design
engineers to recognize VE correctly. Thus, I have to
define what is design engineering capability here.
This is because understanding of the meaning of
design engineering capability is extremely broad. For
example, there is a narrow meaning of engineering
technology in mechanics and electronics and there is
also an understanding of the personal meaning such
as how to proceed design and design process,
analytical capability, general capability, creativity,
methodology such as how to operate CAD. There is
also an understanding about synthesizing them. In
this way there are real variety of meanings.

According to one prestigious Japanese language
dictionary, design means “work to materialize a
certain purpose” and technology is “technique or
skill to conduct things skillfully.” From these
explanations, engineering technology can be
understood as one of the elements of these
technologies. If these are synthesized and “design
technology” is defined from an engineering
viewpoint, “design engineering” can be expressed as
“technique or skill to skillfully materialize purpose
and required specification.”® “To skillfully
materialize” here means the creation of a design
specification to accurately realize functions, prices
and lead time requested by a customer.

From these points design engineering capability
of design engineers in this paper is defined as
“capability to skillfully synthesize technique or skill
to realize requested specification.” The current status
of design can be improved and the design
engineering capabilities can be reinforced by
supporting the demonstration of these capabilities
using VE.

EXAMPLE QF VE APPLICATION
TO REINFORCE
DESIGN ENGINEERING CAPABILITY

Based on the above definition of design
engineering technology, from what viewpoint the VE
usefulness is actually applied as a training tool to
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Fig. 1: Determination of Training System

reinforce design engineering capability is explained
here. First of all, the outline of a Japanese corporation
to which this study outcome was applied is
introduced. This company will be called Company A.

Company A is a medium-sized industrial
machinery manufacture with approximately 1,000
employees. Design engineers to be trained were 21
voung engineers from 235 to 31 years old. They were
extremely busy just conducting daily operations and
doing what they were required for the immediate
future, such as release of drawings, was their primary
use of time. Therefore, there was no opportunity to
reinforce their own design engineering capabilities
and there was concern whether they could play a role
suitable for their positions when they became senior
engineers. And if this conditions were to continue,
there was also a fear that they could not maintain and
reinforce comprehensive engineering capabilities as
the design division, so Company A requested my
guidance to train these design engineers urgently.

This kind of problem can be seen often in the
Japanese manufacturing industry and for my
corporate consulting, there are many similar themes.
As a starting point of guidance, it is necessary to
establish their training system clearly. As I had
already conducted interviews on the reasons for
requests for guidance and status of design, I
determined the training system based on this
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analysis. For this kind of determination, it is helpful
to use the method of functional analysis for VE. In
addition, actualization of training system by the
functional analysis is also useful for agreement and
confirmation among the people concerned. The
training system based on the functional analysis is
indicated in Fig. 1.

Based on the training system in Fig. 1, functional
areas necessary to achieve highest functions were
established as FA1 to FA3. In order to realize these
functional areas, the following Steps 1 to 3 were also
established as activity procedures.

Step 1: Research and analysis of company’s
expectation and current status of design

Based on the training system indicated in Fig. 1,
first of all in order to identify training policy of FA1,
requests of the company and job functional criteria
expected as senior design engineers were researched.
Then the current status of design was researched in
detail. From these activities, the training policy
defined in Step 2 was derived.

In other words, from the gap between
expectation and current status, the training policy
can be found. In the current status of design,
similarity of daily design problems and their causes
mentioned in Section 2 could be recognized. In
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addition, VE training and activity status were also
investigated but the company did not conduct any
systematic VE training and activities at present.
What they did was limited to individual VE proposal
level.

The requests of Company A and job functional
criteria of senior design engineers were as follows:

(1) Requests of Company A

¢ Reconfirmation of basic role of design
engineers

¢ Acquisition of way of thinking for making
something

o (Cultivation of sensitivity for costs

« Preparation to realize expected standards as
senior design engineers

(2) Job functional criteria of senior design

engineers

» Maintenance of capabilities to understand
needs of customers’ accurately, to satisfy
them and to secure profits for design needs
with high degree of difficulties

¢ Understanding of trend of new technology
and acquisition of knowledge

e Training of and guidance to younger design
engineers

¢ Autonomous demonstration of capability to
solve design problems

The demand of Company A was to acquire the
basic way of design thinking and accurate way of
making product function, cost and lead time to young
design engineers. Their job functional criteria as
senior design engineers required abilities of design,
foresight, leadership and to solve design problems
autonomously. On the other hand, in the design
current status, problems such as decline of design
quality, delayed release of drawings, increase of
costs, lack of ideas, insufficient information and bad
communication occurred. And problem
consciousness of VE was almost the same as the one
mentioned in Section 4.

[t can be said that here is a problem (gap) with
the status that the design should have and product
design. Under this kind of circumstance, it is quite
difficult to reinforce design engineering capability to
satisfy company expectation and job functional
criteria of senior design engineers.

115

Step 2: Determination of training policy and
training curriculum

Once Step 1 was completed, it was possible to
review the training policy. From the problem (gap)
already grasped, factors which could be solved were
extracted and the training policy to reinforce design
engineering capability was determined based on
them as follows:

e Acquisition of a method to solve cost
problems

» Acquisition of a design method which is
€asy to make

¢ Acquisition of design essence and design
process

» Recognition of importance of concurrency

e Reinforcement of autonomous capability to
analyze in order to strengthen the design
engineering capability

Once the design policy was determined, it was
necessary to define the training curriculum of FA2
based on this policy. In order to do so, it was
necessary to confirm the present design engineering
level of engineers to be trained. It was also necessary
to review in advance the verification method of
training results indicated in FA3.

Therefore, based on the training policy which
was revealed before, from three aspects, in other
words: costs; processing and assembly; and essence
of design, the current design engineering level was
grasped through a questionnaire. For this, four levels
of evaluation criteria (see Fig. 3) were established
and checked by the design engineers to be trained and
the average of these 21 engineers was calculated. In
order to use this questionnaire again to measure the
effect after the completion of the training, questions
and expression for evaluation criteria as well as entry
method were unified. From this questionnaire
analysis, the current design engineering level could
be confirmed. Based on that, the functional system of
the training curriculum indicated in Fig. 2 was
established. The training hereafter was implemented
in accordance with Phases 1 to 3.

If the outcome is evaluated after all the training
curriculum is over, problems in the training process
and challenges to be reviewed cannot be handled
properly. Therefore, the training curriculum was
divided into three phases as Phase 1 of basic course to
reinforce design engineering capability, Phase 2 of
practical course; and Phase 3 of applied course. From
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(Phase 1)
Reinforcement of basic design
engineering capability

Reinforcement of
design engineering
capability and
understanding and
utilization of VE

Training to reinforce design
capability emphasizing
production

Training to reinforce design
capability creating values

(Phase 2)
Reinforcement of practical
design engineering capability

Training to reinforce practical
capability by applying design
basic capability

(Phase 3)
Reinforcement of applied

design engineering capability

Measure

Purpbse

Training to cultivate
autonomous problem solving
capability to reinforce design
engineering capability

Purpose

Measures

Fig. 2: Determination of Training Curriculum

this system it was possible to evaluate whenever each
phase was completed and it was also possible to
reflect the evaluation results to the next phase more
effectively.

Step 3: Implementation and evaluation of training

Phase 1:
Training to reinforce cost design capability

In Phase 1, as indicated in Fig. 2, the training
was implemented from the viewpoint of reinforcing
the cost design capability first of all as the basic
course. The reason why the training was started from
cost design capability is because cost is the criteria to
determine profit creation and problems related to
product function and lead time also can be evaluated
by costs. The details of the curriculum were as
follows and the training hours were 27 for lectures
and exercise.

» Profit securing and importance of role of
design engineers

¢ Reasons for not achieving the cost objective

¢ Basic knowledge of cost

e Profit planning and establishment of cost
objective
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e Viewpoint to achieve cost objective and
utilization of scientific problem solving tool

e Case study (product of Company A as a
theme)

The characteristic of this curriculum is the point
that the training is started from recognizing the
importance of role of design engineers who have a
great influence of securing profit. In other words, for
a design to secure profits, to know the costs is the first
step. It is often the case where design engineers have
less knowledge of costs compared with those of
engineering technology. Because of this, after
clarifying the factors why costs could not be reduced,
the basic knowledge for costs and viewpoint to reduce
costs were trained. In this training, as actual product
development case was used, it was possible to
proceed the training with actual feeling.

The potential to reduce costs and its viewpoint
were understood with the use of the method of
break-even point analysis and functional analysis and
by not only experience but also scientific method.
Then, in the case study by modifying the design
specification better using the functional analysis, the
break-even-point ratio was reduced to make them
understand the process to increase profit from it.
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Acquisition of cost basic knowledge

Understanding of
cost for products
which they handle

Utilization of cost
reduction method

.8

Identification of
cost information

Evaluation criteria
4. Well understood
3. Understood

2. Not well

1. Not at all

Reinforcement of
cost consciousness

After the training

Before the training

Fig. 3: Training Evaluation to Reinforce Cost Design Capability

Generally, managers require design engineers to
reduce costs by VE but how the outcome was actually
reflected 1s frequently unknown. In this way, it is
impossible to motivate design engineers to use VE. In
order to overcome this situation, it is important for
them to understand how the result of cost reduction
contributes to the corporate profit and these can be
utilized for establishing the cost objective even in VE
activities.

After the completion of the training, a post-
training questionnaire was conducted to verify the
level of reinforcement of cost design capability. In
order to compare the results with the prior-training
questionnaire, they were summarized in a radar chart
as indicated in Fig. 3.

From Fig. 3, the status of “cost basic knowledge”
was improved from the situation of almost no
knowledge of approx. 1.4 points prior to the training
to about 2.5 points, showing that knowledge level of
cost was greatly improved. This also influenced
“reinforcement  of cost consciousness”  and
“understanding of cost for products which they
handle.” “Identification of cost information” also
showed about an 1 point increase indicating that
previously they designed with insufficient cost
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information. This will be a factor in not achieving
cost objectives. “Utilization of cost reduction
method” also increased about 0.8 point so that it
could be considered that the necessity to use scientific
tool was forming.

Training to reinforce
design capability emphasizing production

In Company A as mentioned before, designs
which were easy to make were strongly requested. In
other words, from the viewpoint where ease of
processing and assembly and their costs were
determined in the design phase, then the training to
reinforce design capability emphasizing production
with introduction of the outcome of the cost training
was implemented.

The characteristic of this training was to cause
design engineers themselves to analyze the
processing and assembly process of products which
they designed with the use of the IE (industrial
engineering) method. Then each of the present
processing and assembly processes, which were
revealed, was analyzed from the functional aspect
using the improved VE and alternative plans to
shorten processes and reduction of layout area were
prepared based on them.






