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Outline of Talk

We are going to report a case study of applying USIT
to a familiar problem of improving bicycles
by a group of participants at a USIT 2-Day Training Seminar.

The outputs of group practice were documented and
later refined via email discussions.

The whole process is presented here along the USIT process:
Problem definition,
Problem analysis of the present system and the ideal system,
Solution generation.

Some discussions are given in comparison with other solutions.

Aims of the Present Paper:

For learning problem solving methodologies,
such as TRIZ and USIT,
learning the way of thinking is important but difficult.

There are various ways of learning:
Reading textbooks, Listening lectures and seminars,
Training practices, Solving real problems, etc.

Case study reports are very useful to learn
if the actual ways of thinking in the problem solving are
described in a vivid way traceable by the readers,
and are discussed objectively on critical issues.

This paper intends to be such a Case Study report
of applying USIT to a familiar real problem
in a recent 2-Day USIT Training Seminar.

Mothers with two children
on bicycles.

But all these mothers are
violating Road Traffic Law
in Japan!!

On a bicycle, only one child
is allowed to carry.

TV news (NHK, Mar. 4, 2008):

"The National Police Agency has suggested recently,

on the strong requests from mothers,

to modify the law to allow to carry two children on a bicycle
if bicycles are improved to do so safely."

|~ On Mar. 7-8, 2008, at a USIT Training Seminar,
we tried to propose solutions to this problem using USIT.




USIT 2-Day Training Seminar

Problem Solving with USIT iRZ-Day Training Seminar

Session
Mar. 7-8, 2008, Tokyo. Instructor: Toru Nakagawa [P)feff’i?‘ 'ﬁifgn Define the Problem in a Well-defined Form ]
Open-entry multi-company situation. —— the'Present E—
i i i Problem :
Group practices for slvmg 3 real problems Fn p_ar_allel._ Arayars Funciional Analysls, Attribuie Analysis 2]
2 O Space and Time Characteristics Analysis
Understand the Ideal System: [3]
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y
. Idea Generation: [4]
Solution Write down generated ideas freely.
Generation }
Explore the Solution Space Systematically (5]
[6]
After "~~__
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(Implementation) ' | ( Implement into Real Solutions ) :
Agenda of USIT 2-Day Training Seminar [Session 1] Problem Definition
9:00 Sharing the Problem: Photo of the original record in Japanese
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(L1) Introduction to Group Work (3)
TRIZ/USIT
12:30
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(L2) Problem Definition 13:00
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16:45

(L3) Analysis of Present System

Group Work (6)

Group Work (2) P &D
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19:00 — 18:00 General Discussion




Sharing the Problem and Examining the Scope

(later redrawn in a Mind Map in English)
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Problem Definition 5 items with % are requested by USIT
% Unwanted effect

Unsteady
(A) handling at low S_t(;)p and lean to one Fall over due to
speed side insufficient leg

(Jam the feet to the support
@ ground) Be injured
Separate theme
r- - T T T
(B) IThe child falls from the seat when getting on/off the bike.
1

=We have chosen the problem (A) more significant.

* Problem definition statement :
The design should enable steady riding at low speed,
easy supporting with legs when stopping and leaning to one side,
and preventing from falling over.
* Sketch :
Next slide
*Root cause :  When a bicycle stops, it falls over without a support.

*Minimal set of related objects
Ground, wheels, bicycle components, parent, child A, and child B

Sketch of the Present System (Brushed up later)

The child seat is
fixed to the
handlebar

Shallow handlebar

High center of
gravity position

Child A Y / \/
J The center of gravity
position is separated

from the handlebar axis

Front and back
wheels are the
same size

High center of
gravity
osition

| Narrow space
/| to move the

[Session 2] Understanding the Present System
Time-Characteristics Analysis (Brushed up later)
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Putting
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e hike
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D child A off
isengaging — il
/| the Stable riding he b

= There are 5 dangerous situations, namely, when mounting,
starting off, suddenly braking, stopping, and getting off.

Stable riding

Stable riding
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This diagram was refined

Functional Analysis .
after the seminar.

Draw the intention of the current design (i.e. useful functions)

Refined after the Seminar.

Attribute Analysis
Reveal any attribute which is relevant to the unwanted effect.

Support
Child seat ?"“:’rcion Support Support
Suppor Give  saddle | Child seat
Handlebar ‘ diving fofce
Support T l Transmit  polq Support Support

allowing rotgfti

Transmit
driving power

Support

Set the direction Support

Support Set the direction back

Push T Support, transmit

reaction power

ncreasing relationshi ecreasing relationship
| lationsh D lationsh
Unwanted effect ‘ \
Attribute of object Attribute of object
[~ « Weight of 2 children  Length of wheelbase
« Distance between handlebar axis and  « Grip force of wheel
Unsteady child's center of gravity « Friction with.ground
- il S
at low speed -« Weight of bicycle ,vﬂgight of child's center Ofy,
« Size of back wheel .’ gravity "
‘ « Size of front wheel Y. Height of bicycle's center of,
td
+ Bumpiness of ground ~g'YHViI.y__ ___—a’
- o — procal relationship?
Difficult to support [ ,~-HEGNt Off childS=~. BE’= weigh the advantages and
. center of gravit i .
when stopping and -/ gravity ) disadvantages
; : \ . . , ; = Sureenough, alow center

leaning to one side [ Height of bicycle's f ity i

S<eenter ofgravlty—/ of gravity is

Senier of gra advantageous!

Space Characteristic Analysis Drawn after the Seminar.

Front view has revealed the effect of the position (height) of the children.

The bike frame is The bike frame is leaning to one side and
straight up the parent is supporting the weight on one leg.

Parent

Difficult to
support with the
leg and need to
step outside.

support with
the leg.

[Session 3] Understanding the Ideal System

USIT requests to 'Draw an image of the Ideal System

without drawing any means for achieving it." Original

drawings




|mage of the Ideal System Refined after the Seminar.

Ideal System: Particles Method Made

Desirable behaviors and desirable properties 2t the Seminar

@ Lower the child‘s position. "\)"oasﬁi":‘)?:““ the parent Desirable Steadiness at low speed = Bike does not fall over when
Eutr;ﬁ:j . Parent slightly to the back or to the action stopping and leaning to one side
children in back,
1 child in back and 1 child in front, or |
2 children in front. ) And . Or
Easy to find balance Readjust when the glflr:;‘?:r t:;Stiﬁloes not
Cchild B (stable) frame likely to fall over e Tl e
| And
ioht i When it detects the | |Easy to returnto a The bike
gi';frivl;ﬁgzt;\s/enl Nothing interferes likeliness of falling | | stable position by cannot fall
front and b z with the handlebar | |over, it turns the using the leg when over
@l 1IN el (2T movement position back or the bike is leaning
wheels supports itself. to one side
* Wheel size « Position of « Sensitivity of Height of child's Number of wheels
«Length of handlebar axis gyro sensor center of gravity
wheelbase « Handlebar shape * Weight,
« Position of fork position, and
. movement of
axis counterweight
E Desirable -
« Relation between
@ Smaller wheels, longer wheelbase, and the same total length. properties position of . gg;ﬁir:;n\;/ggel
handlebar axis
and child seat B
Tree diagram of Possible Solution Space Made
Solution Generation (Part 1) at the Seminar

[Session 4] Free Idea Generation

Many ideas have been obtained already during the analysis,

and are stimulated further with other member's ideas.
Write them down in Post-1t Notes.
[Session 5] Explore the Solution Space Systematically
Build a hierarchical tree diagram of possible solutions
in a bottom-up way with the elements of ideas and

in a top-down way from the ideal system image.

Apply USIT Operators if possible.

‘ Design a frame that does not easily lean to one side ‘ Grouping
] I based on timing

|
‘When starting off (At low speed) ‘ ‘ When braking ‘ ‘ When getting off ‘

" A frame that does not fall A handlebar that
. . A frame that does not easi ;
Light pedaling 5 (0 e 6 Y over when stopping and can become Lrl'lﬁr;;: dthe
leaning to one side immovable

Generating a large Supporting a return to a Providing good support =Handlebé R =Wider gy6
torque steady position after when the parent jams her making tha width of kit d
=Electric detecting that the bike is leg to the ground immovable =Bigger 3
assistance leaning to one side =Lower child seat =>Kicksta sturdier ki d
:Automatic@ =Gyro sensor andA center of grab! attached to'the

shift mechanism counterweight if =Smaller wi front wheel

:Automanc Stabilizer wheels

adjustment automatically engage when -
leaning is detected 1
:Sma”erw A ! O Has a clear effect (advantage)
=A balancing arm engages 1 . . . .
1 Requires technical examination or
when leaning is detg :
b

effect is weak
=Improved steering




Tree diagram of Possible Solution Space Made

(Part 2)

at the Seminar

Refined

Tree diagram of Possible Solution Space .
after the Seminar

seat so that it has good balance.

Lower the center of gravity and position the child Grouping based on

child seat position

]

‘ 1in back, 1in front

Back

Back Front

*Move the parent

I
: 1 : 1 1
i H i
1 ] I
1 ] 1
1 i 1
i i i
forward. : : longer. the handlebar, align : : «Shift the fork axis and :
H ;
«Make the wheelbase 1 : *Move the child the axis. : : handlebar axis. :
longer. : : forward of the back *Ride over the frame, : : “When riding over the :
[N
*Move the child : : wheel. not the handlebar. : i handlebar, align the axis. :
1 1
La:‘g:lrd of the back i ! 1 “Atthe very least, 1 child !
! : : 1 : should be seated over the 1
! i 11 frame. H
1 1
S N 1

*Make the wheelbase  *When riding over

Front

*Move the parent backward.

(Part 3)
‘ 3or mortle wheels ‘ More wheels
| |
Cycle with 3 wheels ‘ 3 or more wheels with attachment ‘
I I
I | I |
2 back wheels ‘ ‘ 2 front wheels ‘ ‘ Side car ‘ ‘ Rear buggy ‘
The total width must be The total length must be
600 mm or less (JIS 1,900mm or less (JIS
bicycle standard). bicycle standard).

=Under current law, this
type of bicycle could not
be ridden on the sidewalk.

) ) -7 These types are prob’ematic from the
Resistant to falling over, and practical, viewpoint of ridability and laws and
but abit poor in cornering. regulations.

[Session 6] Evaluate the Ideas Quickly

and Build Up Conceptual Solutions

Original
drawings
at the Seminar
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Front child seat fixed to the frame.

Gyro fixed to the frame.
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Conceptual Solution (1) Refined

Improvement of the present system after the Seminar

There is no change in
the position of the
handlebar grip.

1 child in front and 1 in back /\\

The child has a low
center of gravity.

his lock is to

immobilize the

handlebar when

getting on/off the
icycle.

The child has \. | The rider has a
a low center of ) wide space to
gravity. T move the legs.

The front and

- . back wheels are
The kickstand is r small.

large and sturdy.




Discussed

Conceptual Solution (2) ofter the Seminar

Struggling for a breakthrough:

We want to fix the front child seat to the frame
for more comfort for the child and
for lighter steering operation. 3

But it interferes the parent's leg movement
and steering operation.

We need wider space
between the parent and the front wheel.

But the parent has to hold/manipulate

the handlebar. %"ﬂ
We should separate the handlebar shaft
and the fork shaft.

Obtained

Our Novel Solution .
after the Seminar

2 children in front

here should be no
interference between the
turning handlebar and
he child seat and child.

Tﬁe handlebar
turns the front

fork shaft with a
I'l'nk mechanism

I /A
Move the saddle (4}*,’: /
backward. bol(

The rider has a
wide space to
move the legs.

Two child
seats are fixed
o the frame

Discussion

(A) Activities of Japan Bicycle Promotion Institute (JBPI)

Apr. 24, 2008 Call for design proposals for bicycles able to carry two
children safely.

Jul. 14, 2004 Selected 12 from 14 proposals and granted R&D funds
for making prototypes by the end of Feb. 2009.

The 12 designs (by Japanese bicycle manufacturers) were disclosed.
Most of them are found within our scope of discussions and ideas.

Essences of our idea are not included in the above 12 designs.

» Fix the front child seat to the frame (for more comfort and easier operatior

» Separate the handlebar shaft from the front-wheel fork shaft
(for making a wider space between the parent and the front wheel).

* Place two children in front of the parent (without choosing a tricycle).

(B) Bicycles in the Netherlands and in the World

In Nov. 2008 in the
Netherlands, Nakagawa
saw bicycles of the type
shown in the photo.

In the boat-like container P8
children were happy
even in the cold wind.

Mothers drove these
bicycles without difficulty. [

Our ideas were found NOT NEW in the world.
||~ However our ideas are proved feasible and practical.

In the Japanese road situations, our solution may be more
suitable than the solution used in the Netherlands.




Summary

A group practice in a 2-Day USIT Training Seminar and later
enhancement have achieved a meaningful conceptual
solution to a real, familiar problem.

The ways of applying standard methods in USIT are
described and discussed in detail.

Since USIT uses these standard methods in the whole
procedure of problem solving, it is useful to master them
through case studies.

USIT is a simple, unified, and yet effective procedure in the
family of the TRIZ methodology.




