.=x  Why Water Striders
“®® can stand and slide

on the Water? ” -
B

=
A Summer Homework
by Son and Father with TRIZ

Taichiro Miyanishi
(2nd Grader, Kenroku Junior High School,~Son)

O Katsuya Miyanishi
( ./ Father)

English brushing up supported by Toru Nakagawa (OGU)
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*~  Background

s Last summer-==-

-

)
il "Why the water striders 0
- can stand and slide on
38 3 the surface of water? e =2
°2| son - | want to study about it ==

° 1st Grader, as my summer homework."
_?o\ Junior High \ /
EE

_—

Good! But if you only survey
about it iIn books and write a report

without creativity, you would be Eather
just like an elementary school child.
N -
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“Why the water striders

can stand and slide
on the surface of water?”

YT
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ﬁé — % ?;,c::’)
—Let's set up hypotheses, and verify them!
—Let's make conceptual prototypes !
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=~ Approach

YT
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Let's use
TRIZ-thinking
In practice

Planning l
vV Think
Independently —
Set up hypothesesl

\4

Verification |<—survey here
\4
Make a prototype l
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=~ Approach

] . !
Sl Planning Let's use
T
Y Purpose,Target, Evaluation standard - .
5 Output, Schedule, etc. T R I Z_t h I n k I n g
™ \4 : .
0 Set up hypotheses 11 praCUCe
03
§ = ny) Search for mechanisms | NAZE-NAZE deployment
& 5 Grouping, Make a TREE | Affinity diagramming
- 9] Enhancing ideas Scene deployment, MECE
=9 o Analysis, Select Candidates | Strength/weakness analysis
3 : . .
é'\ @ Make ideas for hypotheses | Evaluation, Combine
23 Verification of our ideas Product Analysis
® O
m [
~ | Experiments (prototypes ) SFR
=3
T Y Physical Contradiction Centric Causal Analysis
I'DI'I TRlZ Ch eck ( Larry Ball @ The 3rd TRIZ Symposium in JAPAN)
—Q Reverse TRIZ
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Man agement (Purpose,Target, Output, Schedule)

Overview the Ideal (Goal, Outputs), First!

Je @I -
£ 8n CISUMNME (i
J__ 2 3__51“"__

4 %z.n#,

TR
lﬂiiﬁﬁ n

%Jwél_ 78 9
WA TR wide TR
13714715 16 17 18

4——-—-)-
(k) | ¥
,,g} . - o - (ZRE

19 20 21 217122 |23 24 256

el
100711

e
*rn

26727 28 29 30 31

Schedule

Purpose

(Main) Set up the hypothesis

Why the water striders ‘
can stand and slide
on the surface of water?

(Sub)
Making conceptual prototypes

S

Target

Making conceptual prototypes
(Size of 5-6¢m)
by free and familiar materlals

P Bt P .

e

The prototype must float
in the same principle. |
(Not necessary to slide) |

Complete theme by August 20.

]

Process

Wants, Purpose, Target

NAZE-NAZE deployment |'
Own hypothesis ‘

Survey ‘

Confirmation and consideration

r——

Search for similar principles |
— Free and familiar materials ‘

— Collect resources for prototypesI

TR T E 7 B e T T ‘

Sketch the design of prototypes

Making prototypes

Experiment

T

Output
Image

'Reports
| A4-Size
20-pages /|
Use Clearfiles L
' Prototypes
. 5 /

Consideration of
experiment result

Improvement and
Re-experiment

Summary and
Impression
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Search for mechanisms

2| NAZE-NAZE deployment (Root-cause analysis)
> )
2| | How to Stand on Water? ' How to Slide on Water? l
T (ﬁjg&:{%—)('m %@’}E’mﬁ:ﬁ ﬁ“ﬁh‘fﬂﬁ]ﬁﬁ}:@ m&%ﬁ T AR Zr}])flﬁo\-;fﬂ;.l
< = =
ST | vordiy R | KR MG TR 3y | ket || Fanasies | Kk
D g
=l First, Search for many many causes! %
=< "No particular about the water strider. z
> *Regardless of the concept size.
z3| (B *Write on the Tag-Paper immediately. 3
2s 2 -Mother and younger brother also joined part -
>\ % O 1D
.:—T-TI i QMEBTT DRI >
i TM“ % '*%;m% rmmwrrrr iﬂ; r«j'f; TGO KEptgouteyss
i ﬁ;'}ﬁi'—;mﬁ‘ﬂu} RO ELT BT E LG | S | e Rt Do | |3 TR Ee
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Grouping, and Make a Logic-Tree

NAZE-NAZE deployment (Root-cause analysis)

= Affinity diagramming
- Make a Logic-Tree

How to Stand on Water? l

Upper concept

Lower concept

How to Slide on Water? l

Upper concept

Lower concept

Lighter things
Inside the body

HRIKE '}Egl Mb\" \

AT \WVA

1BYl\/ sadhy
/pu;/ e4) o0j0id >/

Grouping

Air in the legs
Very light Air inside
Light liquid inside |

Gas inside

Row
on the water

TKEOE 14193 K Row by legs

Like a propeller

Grouping

Fin on the legs
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Enhancing ideas by Associative thinking

| (lighter things| [ Airship Example
3 | inside » A fin »
D | o E \
e Y 2% Jet balloon
P \_ == Balloon Sosocine| |
¢ Enhancing by Associtive thinking A =
n PR :
® 5 . -
L Slide by arﬁy jet pressure
=0 ‘“"‘5"‘“‘3’5“ ... Lower concept
ii 86 | e (Another concept)
5 Upper concept 3
<3 Water pressure
O =
80
>\ T b Ak g 7 TR AT H .
=5 |Et1 Stand | || o™ Slide
S using gas pressure | | sin Jet balloon
- g gas pressure
= . o
\
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Water chopping
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Enhancing ideas by
Scene deployment.

— N —

Remora

Jump on the
water surface.

abueyn

seapl olul

Kfe A w20

Imagination of waterside-scene

Imagining scenes and actions in daily life gives us new awareness.

—EEEER—

lce skating

Ride on other
one.

fan$)|- 0%

2T S+

Slide by freezing
water by the foot.

KER e tabe
AnItia?
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Strength /weakness analysis

2| Objective analysis of each cause.
>

> How to Stand and Slide on the water? Stren%tnhall V\S/iesakness
>3/ denl Application

NAZE-NAZE deployment Strength Weakness

T Continued : :
0 S ( ) — Red Tags
o3 ater jet from toe
= : abundant Bkeep jet |
o= .
O @ Water jet from hole - water

elicopter

@ Propeller Not easy to,
~ _ Bamboo balance |
Z § Use surfgce tension | | d.ragonfly — Easy to
é-\ Wide & thin foot | Coin on water | palance caughi |
23 - . Easyto | Falldown |
E S Ride on other one | Freezing water balance § if melt
~ Ride on lotus leaf Not do Not always |
= . . anvthin desired
Ei’ Ride on animals R_emora by{/ourgelf direction
i Ride on oil film Blue Tags Slip easily
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Select candidate ideas for hypotheses

T s e R e e T UK | it

2 e Necessary conditions for water strider
o pEaen v.g ) - sl KA AN =
>_U\ w::, v | ] Light weight Simple F:gg :rc])?a\t/tieon
g__) N LR 15 @ ]
>3/ et i .Hﬁ . ' -
= el Select best ideas

“oesttwodeas ) by the

i)
;'

0Oe000
asoylodAH

' T ¥ I

T T thm‘l S Of a.l l al S I S
m: 3 AR A I ‘L“ .-.

TOT Anstivg /\‘7>7rzm..| o l .

Y

Best two ideas

. Voting sl
- 10 “sSlide” on water. g slip
| \

] >
U HEOB D FeAesvd [70-)L K4k B LRLATES T PREPTS / '
— ‘
28 . Bbepy. LoMedEy
8 o PokE aELT, & B | aess . t
~ = il == N 7| HlFRASBADT
2, -
T et ':;\ . ,,J.E%ﬁﬂ ‘ R | :"”‘f.:.'»? . Ei n *"'k 0"
> = s _
() fp sty ‘ | reiitss
T e | o T
M . v [ AT . . .
20t LIRS TR TS I
2 - ; | cs Combine idea with another
\ k 7KRX)#E nRtUdte SLhev R  #140mg

(C) The Author & Japan TRIZ Society 4th Japan TRIZ Symposium 2008 Sept. 10-12, 2008 Slide 13



Completion of hypotheses

_§ How to Stand on Water? l How to Slide on Water? l
oy
o) - —1)
= Fine hairs of ‘Legs
the foot / row
repel water. =3 water.

@®0000

\/ asoylodAH
N
X

O

WLy
woD

Hole of

the body
jets air.

T >
— \)_)/\K)j @

Oil repels
~ water, also.

1Yl \/ sadhy .
/pu;/ e4) o0j0id >/
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Confirmation of real facts

3 Surveyed books and references In
— the library for the known facts.

)

-]
—| | How to Stand on Water? l How to Slide on Water? l
8‘5 -Fine hairs are on the feet. -Middle legs row the water like oars.
5! . F EROARDRO e KA
o g -Oil comes out of the feet, also. BUEFERE TS

® - Very light weight (40mg)
= -Therefore, surface tension can

g% hold the weight.. PR RRAIEHE
- T KNE @
<3 = -Middle legs row
& ° L X the water
%-.} TR = backward.
So =
;‘? flngerna|l Y7 | 3 . _3@ -PREFFLAL5FC
_3 | -The hairs hide the fingernail. == DO AT FIE O
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Confirmation of own hypothesis

= | | How to Stand on Water? l How to Slide on Water? l
=

E _

Q
= ne hairs G

the feet

02 repel water.

23

o
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Whole of NAZE-NAZE deployment map

Necessary

condition for
water strider

Means to

Stand on
Water

UJJ!J\(
wo)

SISV} sadA)
Jpua %) G |

NAZE-NAZE
deployment

Means to

Slide on
Water

- T Ay Rl k@(TE T ThVR L TRRTER o
TR oA Al |4 ORITE[RE B B8 2 HAT| B A m:r&;s === | Strength/weakness
gﬁmfﬂ Wy —UgTosto| AT | Pt IR 3E g an alyS|S
/‘ ¥ 3535
FRE R S5 ¥
M'/rr; L TR TR Stren th
T o R PSP I g
P TR T T . el Gt .
y — (Weakn ess )

Application
examples

T ik gy
. S

Fotawer
TERNET 5

o
|
LT e
! P oeRath
1379-"Tt [“ g L
|

CINToATLY

{
| Iy ‘

[LTAREs
HORRCl A Thae T
anitive
Frlpotes

it o gss 7353 T

TRy

ARBIRE

Tt
e r3s 3 o-L Kol &8
t-9-%-k
@ &7 CeIkus
EERccTise A st
bt 1
w-%lm‘:gv :’""&Lﬁll'ﬁ B
T R
KoReiters 13 TRG L -
. SRR T
Hrekend o sk
it HEE RS FE o
\ BscRLE
7Kk

Wl el
L ] |
Atk :

MA

PTG T

Best hypothesis

Selected and
ItsS reason

Voting slip

Confirmation of
true cause

True cause

Confirmation of
own hypothesis

Correct

@ Incorrect
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Deep understanding of the mechanism

— 1" *
= | We performed "Product Analysis”.
o make to stand
— make to stand .
- : :
- hold Light weight generate Buoyanc
g — —> " body >
— make to sink generate |
J’ >  Water
05 e h L _ _ no destro t FOrce t0 )
! on surgce ==——> Fine hair ?-— ‘> tSelﬁg?gr? SRR def){( -
O =2 of the water hed gravity
come out Qil = no destroy
=5 2
= 9
3 3 hide
row
. ‘|l ]griving
ave ) generate it enerate oce on
> Nail — Fr%%tr'gg al J surface of
move water

J

JISIV)| sadA)
/pug/ 19:|>/ 010.IC|>/_

TXYyERon7057 b 2%

Product analysis of water strider

make to stand
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Collect resources for prototypes

= -
= | Collect free and familiar resources materias).
> . . . Materials obtainable free and
Y DEClded by VOtIng . easily (in our house).
2 ‘ Obtainable but not easy to use.
o Requirement Materials @ Vote by TAICHIRO(Son)
A . @ Vote by KATSUYA (Father)
( \_— —
oL Light Styrene o o Stalk of
8§ wgiqht o foam @ cotton Paper | g Straw | @giatice
= . ' |
S ] Body f Balsa ® vinyl | ®Sponge élurpolirllum Lace
9]
for surface | ¢ ® Tooth q q - Leaf of
>O\ tension shuttle : Mogol brush Duster Corn .Setarla morming-glory
=le) - : Hair of | gParakeet's 4 Stuffed q € Brush
é?/ Fine hair peach shuttlecock : Wool animal if}]tﬂeCOCk Brush for glass
T for surface Waterproof | @ _
ég tension ® spraye® eat tray | Fluorine
[0 .
>w\ Ol
= ) Light &
C:DTQJ 19 : Mogol : Lead ® Cut OLeaf of
= strong straw pine
m ® Hairof @ ®Stalk of | |® Fine
i Legs ® brush Straw | @ gyysh wire
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Designing conceptual prototypes

2 Sketch the design of prototypes.
>
-
3 Son Father
>
o
Styrene @5
- ‘ Body @® foam @ ’ _ ‘
o P— \
03 Leg Mogol g FOW
39 : : | L Body !Balsa Half. Hair of
% : g _."-"MJ ~ w - Leg ™) Stalk of OII WaterprOOf
_ Wateroroof | |/a s ® Brush ® spraye®
Oil broo L
>o\ ® spraye® i EE A0 /Mz) T
53 B |
—~>'  1st prototype - (mrorio)
-9 e
§ % Balsa s <o i _j
» | 2nd prototype
>-r|\ - - 8 Lead | S
59’ :Setaria S
i Waterproof et (cos) — |
5 [ ) Spraw‘ R (%£8) — S
{
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Experiment ! Stand on Water ?

00000 _

/

wiiy
woo

I:;:L, k.\- - LM e e 1 _‘_,__;: "t :%;. '{g‘

.- Stand well || Stand so0-so

 2nd idea was abandoned,because fixation was difficult.

e
Jpua [ sqdsr
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Confirmation by spiteful experiments

= [ Working on the real principle ?

D Q Without the fine hairs, Q Does it sink when

> the model water strider the surface tension
cannot stand on water? Is reduced?

90 Liquid deter

0 g |

° 3

- 0

= 3

—~ U

So

23
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Proposed by Mr.Larry Ball (Honetwell, USA)

Causal Analysis with Larry Ball's Method.

— Sl T 1 1 .
= | A new condition "Good water" was recognized.
@]
>
5 | (1)Causal analysis Good at (2)Real cause
~ | -ﬂ\ standing deterloratmg v
<= 2 A and on
Sgh = : A the surface.
T Area of Aarea of __ Vol f
8§ Not goc_)d at ( the foot is the foot is - Otlqur:%(%g/e%) ° (Not Float)
oS standing — Small ¥~  Big Big.
° on water Weight Weight Weight iS
@ (specific density) is  (specific density) is very Ilght
>\ Heavy *—  Light (40mg)
Eg Water-repelling Water-repelling Structure of Have.thm >
3 3 _ is @« » is = the footis hairs
— Technical Low High Complex Qil is
-3 contradiction secreted
§ % KSurf]:ac:e tension Surface tension Water is *
of water is of water is = - -
2 Weak > Strong C(lﬁg)] Sl
— g - U N\ pY y a
D Physical contradiction4/‘ clear water.
m (New)
Q (ref.) THierarchal TRIZ Algorithms] Larry Ball (Honetwell, USA), The 3rd TRIZ Symposium in JAPAN 2007 doc. P.77
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Modeling of problem for Reverse-TRIZ

g Model-1 (Stand) The foot is enlarged, and used as a float.
>‘U\ Be made to ?E?-ﬂg.\_’\_"_th Stab”lty X:Useful material introduction
5 Sm a” et (|nsuff|C|ent) Le on surface
—— foot 9 of the water
§% R (disturb BOdy
®)
62 == &2 Change to huge
D
?Q\ Model-2 (S||de) The nail or fin of the foot rows water.
3 3 :Useful material introduction
— IIBe made to mp_y_e_horlzontally X'UO;]' Sturlfat.cdet
FPE m ““ ............
§% Sn aﬁ . (insufficient) Leg N
S (dlsturb Su rface 3
D /]
tension z )
7 Destroy b= <
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Reverse-TRIZ

pu3z /A=yl

Why Water Striders can “stand” on the water?

=1 [Wish] To stand on the water by foot with stability.
o
— [Easy Approach] | The foot is enlarged, and used as a float.
-
s | EC1 EC2
> Improving Worsening Improving Worsening
Foot and bod Not possible to float possible to float
can be reducgd. with stability on water. with stability on water. Foot becomes huge.
T
§§ U U U '
=1 Volume of N
S = / moving object 2 (| Reliability 2 [ | Reliability ‘ 4 m\é\?ilﬁéngb?éct
% -.— =
14. | Spheroidality-Curvature :
>O\ : = _ Local Quality
= . egmentation , ,
53 J Foot has Fine hairs at the part
—| | \Foot-structure is subdivided into hair level., that touches water. )
N\
gg E40. Composite materials | Intermediary
@O i
® Has Hairs at the front part of foot. < To prevent the foot from destroying
= | [11.| Beforehand cushioning the surface tension of water,
@ Oil is secreted from the hair. ) between the foot and water are used. )

Actual 'princi

ple for standing' can be derived from TRIZ.
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Reverse-TRIZ

Why Water Striders can “slide” on the water?

s | [Wwish] To slide on the water by foot.
S _ .

- [Easy Approach] | The nail or fin of the foot rows water. ‘;”
T = a
> | ECt EC2 = &

> Improving Worsening Improving Worsening

Surface tension is , Surface tensity is
not destroyed. Can't advance well Can advance well. destroyed.
T

§§ U U U U
& Stress or Duration action Duration action Stress or

8 3 11 pressure 15 of moving object 15 of moving object 11 pressure
B <=

~._| [119. Periodic Action

)

53 Inside foot is lacked and advances as Oar. |

— ;

o . | Local Quality ‘ =

S| || “Nail’ hidden in hair doesn't destroy the

@ surface tension and water is rowed. p
— T
>
T What does this 3rd principle mean?

o
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Reverse-TRIZ

Why Water Striders can “slide” on the water?

(Massachusetts Institute of Technology)

(Excerpt from right record homepage)

>/u19|d>/ "0AU|

As the insect rests on the surface, the
tips of its thin legs create miniscule
valleys. It sculls the middle set of its
three pairs of legs like oars, causing
the water behind those legs to propel
it forward as the surface of the valley
rebounds like a trampoline. [

00000
asoylodAH

wiiy
woo

§

=3 |27 Cheap short-living objects
(@)
®8 || The miniscule valley of water
IS used.

~ T1

oD

D

m

a

MIT had clarified my mystery of 3rd principle.

http://web.mit.edu/newsoffice/2003/robostrider.html

massachusetts institute of technology
MIT news

news MIT leaps to solution of walking-

recent
reszarch on-water mystery
Campus - -
by topic August 6, 2003
events
archives CAMBRIDGE, i E--MIT researchers reportin the Aug. 7 issue of Mature
inthe news that they nor rstand how the ingects known as water striders skim
effortlessl the surface of ponds and oceans.
bscribe

#d Robostrider, a mechanical water
dynamics to mave, although not as
atural counterpart.

New
awareness

acomotion ofthese
ridae and athers) is poorly
associate professor of mathematics
agaddition to water striders, he
s to other surface

promyg

| dery s 3 1993 problem known as Denny's
med arag heen thody water striders moved by creating waves
hat pu arward. Stans niversity marine biologist Mark W,
about us Denny pa outthat, theareticaly, baby water striders could not swim
Fews office info hecause tha\Jlegs weren't fast enough to create waves. But in fact, newly
MIT backaround hatched watef striders row across the surface just as well as adults.
contact

"Denny's Paradox called out for a careful experimental investigation,”
Bush said.
I N .
I I Lsing mathematics, high-speed photography and a variety of flow
wisualization technigues, Bush, mathematics graduate student David L.

[ e

advanced search

Fhoto / John Bush, David Hu,
Brian Chan

& water strider passes overa
lazrer of water that has been
dyred bilue and Lit from below,
larainating the stopping
wortices shed during the
deceleration phase of the
strider's raotion.

'Sliding principle' can be proven from TRIZ, also.
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Summary of study

3 “Why the water striders ,;L_@ Al
iy can stand and slide
5 N K@Lﬁ-\ 1‘%?]_( *60)0\
—= | on the surface of water"
o T We solved this mystery by using TRIZ-thinking. 7”#
8§ [ Planning I B ——
® N I (oThink
>O\ Set up hypotheses' - b= = U= 0
3 4
>; Verification '4— survey here
=F Y ’ - =
& Make prototypes ' CE:F..““ =
?—? %_;_-2?
ke Nature and living thing teach us many good ideas.
i All principles have been proven by TRIZ.
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Son's and father's comments =+!?

5 | Due to "NO criticisms", | could
= || learn things from father much Ear] report
o | (_more gently than usual. son’s outputs, today.
>
/Icould do my homework by\ I/can say to my co-workers,
o2 using a state-of-the-art "Even junior high school
§ % technigue. And, | won A Fine- students can utilize “TRIZ”

/

Work-Prize from Kanazawa @ey find a problem"
\Kid's;ience Center. \//

wuy
woo

91 \ / sadA)
pu3j e 010.d 5

%
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Conclusion and Proposal

{

@ TRIZ can be used for m. N
everything =

If you find a problem. ‘” o 'b

i

>/u9|d >/ "0

Let's use it more flexibly,

freely and actively.
@ Curiosity
Inquiring mind
Try to think!

Make TRIZ familiar

for childlen and teens.
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TAICHIRO (Top author)'s greeting _**-

b B S H} mora win
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