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Design/Drawing CAD Education and Modeling Practice
for the Hearing Impaired
-- Feedback from the Results to Stimulate Various
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ABSTRACT

Avraki describes the compilation of engineering education he
has been engaged in since the foundation of National
University Corporation of Tsukuba University of
Technology (NTUT). Araki has led hearing-impaired
students to learn design, drawing, CAD, modeling, and
machining through comprehensive exercises in a series of
educational courses. He has been sensitive in seizing new
technology which can improve the education of students as
well as teaching methods to stimulate communication, so
that students were led to have detailed awareness,
improvement of their senses in thinking about new
technology or design, and development of their aspirations
towards a higher goal. In addition, he has been trying to
develop an attractive special education program under which
students can improve thinking skills based on their own
awareness through exercises in respective courses of study.
Fun or pleasure which is effective for education may help
students be prepared for social independence where they are
required to take a step forward or push to the front.

In 2015, at the spring conference of Japan Society for
Design Engineering, Araki was invited as a guest speaker to



give his final retirement lecture.  He reported on the system,
methods and results regarding new education technology in
NTUT. His collaborators were in the audience, those who
had taught him the necessity of support by surrounding
people and the importance of collaboration and cooperation
in education. He set up a video conferencing system for
distance communication with our international sister
institutions. He created a new educational environment.
Concurrently, Araki made his CAD/CAM Room teaching
system suitable for Design Engineering Class through
3D-modeling education for the hearing-impaired. Through
this educational experience, 3D modeling has become one
of the tools for proper communication. Used with
2D/3D-CAD and 3D modeling, it has spread the possibility
of the power of education for the hearing-impaired.

We will introduce the new teaching methods through our
practice.

Keywords: hearing impaired, engineering education,
design/drawing CAD, modeling practice, collaboration and
cooperation in education
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ABSTRACT

Producing innovative new products is a way for companies
to survive and continue generating revenue in today’s
competitive global market.  The ability to develop
innovative products, which bring about success for
manufacturers, often depends on the ability to nurture new
ideas and concepts, embody them, and evolve them into new
products. Companies that allow designers to spend time
creating and discussing several design alternatives are one
step ahead of companies that do not.

The process of drawing up a concept occurs before the
design process, and the quality of products, cost, and
delivery time in later processes are strongly affected by
whether the concept is good or poor.  Then what should be
considered in the conceptual design?
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The following are some of the various factors considered in
the stage of conceptual design where an image is gradually
established: 1) how to evolve the overall concept, 2) the
layout, 3) the overall design, 4) the mechanism to be used, 5)
the drive system to be used, 6) the control system to be used,
and 7) how to meet the cost target. The problem here is
how to generate ideas in this process of drawing up a
concept.

Young designers often say that they think up ideas while
drawing a layout using a computer-aided design (CAD)
system. From the beginning, they sit in front of a CAD
system and start drawing as ideas pop into their head. It is
true that CAD is a convenient tool.  Its functions are being
improved year by year, and its simulation function has
become more practical and easier to use. CAD is an
essential tool for ensuring the quality of design; it gives
designers an excellent command of drawing, erasing, adding,
and rotating lines. It enables them to quickly start working.
However, we start the conceptual design in a different way.
We recommend designers to draw up a concept using sheets
of paper and a pencil. Namely, they should draw lines on
sheets of paper until an image of the outline of their design is
established in their mind.  Because this is still a
trial-and-error stage, it is more efficient and effective to
visualize ideas by hand-drawing, which only requires an
ambiguous sense, atmosphere, and kansei (feelings), than to
define ideas graphically by inputting quantitative data into a
CAD system.

In this study, the following are considered, looking at real
products as examples: 1) how to clarify necessary functions,
2) how to embody a concept (a concept and its utilization in
rough sketching), 3) how to facilitate the design of the
mechanism, and 4) how to verify whether the design meets
the required and predetermined specifications.  The
effective use of 3D CAD is also reviewed and discussed in
this paper because many companies consider that there
should be a variety of ways of thinking and tool systems for
conceptual design and therefore, there will be benefits in
using a 3D CAD system in conceptual design.

Keywords: conceptual design, new ideas,
paper and a pencil, kansei (feelings),
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ABSTRACT

Recently, sports for people with disabilities (disabled sports)
have attracted increasing interest and sports equipment for
people with disabilities such as wheelchairs has made
marked progress. Highly functional equipment has been
developed owing to advances in diversified materials and
processing technologies. Sports equipment needs to meet
various requirements such as safety, durability, and
operability.

The environment surrounding disabled sports has improved
through large-scale international competitions. As we
approach the 2020 Tokyo Paralympics, improvements in
sports equipment from that used at the 2016 Rio
Paralympics are expected. The technologies applied to
equipment for disabled sports have been improved to satisfy
various technical requirements and are expected to also be
effectively used in an aging society.

However advanced the technology used in supporting
human welfare may become, humans wish to be treated by
humans rather than machines. However, it is also desirable
for machines to be used as tools that support care receivers
and givers. | believe that mechanization that leads to the
treatment of humans as objects is wrong. Technology
should be used to make people happy. The ultimate goal of
technology as well as background features including the
economy, religion, and culture should be all examined
before using technology. ~ After all, technology is designed
by humans, developed by humans, and used by humans.
Our society is formed by humans and by their technology.
The mission of engineers in society is to raise our current
culture and civilization to a higher level using technology
and to pass the technology onto the next generation.

In this article, we discuss innovations in sports equipment,
focusing on the materials used in wheelchairs for disabled
sports and prosthetic legs for running.

Keywords: innovations in materials technology, spots
wheelchairs, prosthetic legs for running, coexistence of
humans and machines
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ABSTRACT

When motor functions decline owing to aging or motor
disabilities caused by accident or disease, it is preferable that
those functions be restored through training and
rehabilitation. However, when the recovery of original
functions cannot be expected, those functions should be
assisted using assistive devices. It is highly desirable not
only for people with declined motor functions but also for
society that, with assisted motor functions, such people will
be able to continue their schoolwork, return to society, and
be engaged in jobs and other activities where they can use
their abilities.

Caregivers provide assistance of physical functions in
accordance with the needs of individual care recipients.
However, growing expectations are placed on assistive
robots as the solutions to social issues such as “elderly care
by the elderly”, which causes a significant physical burden



on caregivers, and the increasing cost of care. The use of
assistive robots is desired because they are preferable to
caregivers in some aspects, such as protection of privacy and
the maintenance of the independence and dignity of care
recipients.  Also, disabled and elderly people can, without
hesitation, ask for and receive assistance that meets their
requirements in detail.

This article provides future prospects of assistive robots and
introduces the current state based on the research papers
published in journals of academic societies concerned with
welfare and medical engineering, products developed by
companies, and the contents of the International Home Care
and Rehabilitation Exhibitions held in Tokyo in 2016 and
2017. The main focus of this article is motor function
support for disabled and elderly people, for example, (1)
assistance with walking functions and (2) assistance with
upper limb motor functions for those with muscle weakness.

Keywords: development of assistive partner robots, disabled
and elderly people and their caregivers, quality of life (QOL)

2 Development of assistive partner robots
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Development and design of spinning tops that do not fall
over aiming at improvement of quality of life
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ABSTRACT

Using the fingers stimulates brain nerve cells and activates
the brain functions. Therefore, it is important for the
elderly to use their fingers in their daily lives. e propose
the use of spinning tops, which are familiar to Japanese
people, as welfare devices that can improve the quality of
life of the elderly by preventing the decline of physical
function, dementia, and motor disorders and improving the
health of the elderly.

Spinning tops have been familiar since early childhood.
They come in a variety of shapes and are spun using various
techniques. Anyone can enjoyably play with spinning tops
with a simple operation using the fingers. Therefore, a
continuous effect is expected. From the viewpoints of the
prevention of dementia in the elderly and rehabilitation of
those who suffer from it, playing with spinning tops can lead
to an improvement in their quality of life. In addition,
spinning tops can prevent the elderly from feeling isolated
mentally and socially because of the communication
generated as they play with the spinning tops.  For effective
rehabilitation, continuity is required. To this end, the
concept is that the motion of spinning tops provides the
chance for discovery and fun.

In this study, we focused on spinning tops that do not fall
over even when they stop rotating, and developed a
theoretical equation to describe this phenomenon. In the
development and design of such spinning tops to be used in
rehabilitation and play, the coefficient of friction was
measured to examine the theoretical equation.  In addition,
the success rates of remaining standing after they stop
rotating under various conditions of factors such as friction,
material, and shape of the spinning tops were compared.
The issues to be resolved and future prospects were
discussed.

Keywords: quality of life, welfare devices, rehabilitation,
using the fingers, play and delight
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History of research and development of rehabilitation
device for finger joints
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ABSTRACT

With the aging society, the demand for rehabilitation
medicine is diversifying, and the expectation and demand
for engineering support are extremely high compared to
other medical fields. For example, the role of rehabilitation
equipment is broadly divided into the complementary role of
health care workers involved in rehabilitation medical care
and the support of family nursing ability in each home rather
than hospitals and related facilities such as home and
community welfare.

In the study, the rehabilitation equipment was designed and
developed from an engineering point of view as one of the
methods to recover the grip function at the finger joint due to
sequelae such as cerebrovascular disease. In particular,
grasping an object by a finger is an extremely complicated
dynamic phenomenon that controls the direction and
magnitude of the force generated at the fingertip by muscles
and balances the force acting on the object. Development
research on rehabilitation equipment is a rare technology
development in the world.

In this paper, we describe the transition of the research
results that we have been conducting since 2006 in response
to requests from medical institutions. Ve also propose a new
hand-operated rehabilitation device for finger joints based on
a number of development devices, focusing on the flexion
and extension of four fingers.

Keywords: rehabilitation  equipment, finger joint,
miniaturization, weight saving, simple mechanism, flexion
and extension

In 2007

In 2008 In 2009

4  History of this research
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ABSTRACT

The 49th International Home Care and Rehabilitation
Exhibition (H.C.R.) that showcases the present and future of
care and welfare was held at Tokyo Big Sight (Koto-ku,
Tokyo, Japan) for three days from October 5, 2022. The
first exhibition was held in 1974 as the “Exhibition of
Modern Equipment for Social Welfare Facilities”, which
was attended only by domestic companies. Because of the
effects of COVID-19, the exhibition was canceled in 2020
and held on a smaller scale than usual in 2021. In 2022,
333 companies, including companies from abroad,
participated in the in-person exhibition.

Healthy people may not be familiar with welfare equipment.
One typical welfare equipment is a wheelchair.
Throughout their long history, wheelchairs have served as
mobility aid devices mainly for people with lower-limb
disabilities. The form of wheelchairs should be suitable for
their functions because wheelchairs are practical devices.
We should consider the form of wheelchairs from the
fundamental perspective of the fulfillment of their functions.
We conducted a survey on the actual needs for wheelchairs
to explore the possible resolutions for the above issues and
consider what types of manual wheelchairs are needed.
Many users want small and lightweight wheelchairs.  Also,
they wish to move and operate their wheelchairs using some
kind of motor power (mechanism) when they go out. The
development of single-purpose wheelchairs is desired so that
users can select wheelchairs with different functions
depending on their lifestyles and intended use.

The quality of the design of wheelchairs has been improved.
Now we are verging on the era of evolution of wheelchairs.
The goal of wheelchairs is to be not merely a means of
mobility but a “comfortable space” for users. It has become
important for the whole society to know in advance the broad
product portfolio on display at the annual H.C.R. and other
occasions.

Keywords: international home care and rehabilitation
exhibition (H.C.R.), welfare equipment, form of wheelchairs,
support of the independence, comfortable space.
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7  Wheelchair around 2000
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Comments 1
This paper is relevant to the conference proceedings. It addresses an important issue in
rehabilitation and life satisfaction.

Comments 2
It is an interesting paper and matches with the theme of the conference. The paper is useful for
people with disability and people who work in this field.
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